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ABSTRACT

TheKosimfilter is a ceramic water filter that is currentlged in Northern Ghana. Based
on prior MIT research in Northern Ghana, this tesbgy is effective at removing 92%
of turbidity, 99.4% of total coliforms, and 99.7%E6. Coli from unimproved water
sources. However, the product water is still nidcaly contaminated. The purpose of
this thesis is to explore the effectiveness of daimlyg two household water treatment
technologies, th&osimfilter and Aquatabs, in order to achieve a mofeative and
complete water treatment system. Aquatabs areisodichlorisocyanurate chlorine
tablets that are used on the household scale. diegyarticularly effective at killing
pathogenic bacteria; however, they have predonybaeen applied in emergency relief
situations and have never, apart from one resesncly conducted by the Center for
Disease Control, previously been applied in Ghana.

In this study, 59 rural households (24 in a lowass community and 35 in a lower
middle-class community) in possessiorKakimfilters were visited as part of a three
week pilot study. During the initial visit, hous®#tls were surveyed about the use and
perception of theiKosimfilters, they were trained in the use and givema week
supply of Aquatabs, and th&dosimfiltered water (without Aquatabs) was tested. eAft
one week, the same households were re-visitedm#as survey was conducted about
the use and perception of the combiKesimfilter and Aquatabs system, and the
filtered and chlorine disinfected water was tested.

The addition of Aquatabs to tikosimfiltered water significantly reduced the microbial
contamination; however, it did not completely remgathogenic bacteria. The average
total coliform concentration in the drinking wateas reduced by 50% compared to the
filtered-only water, and the percentage of housgshulith no total coliform concentration
increased from 44% to 64%. Furthermore, the péagenof households with ri& Coli

in their drinking water increased from 88% to 98Mb.terms of user acceptability, all of
the survey respondents indicated that the Aquétalpoved the taste of the water” as
they associated it with municipally treated or leattwater, suggesting that the chlorine
taste is acceptable to these potential consumers.

Thesis Supervisor: Susan Murcott
Title: Senior Lecturer of Civil and Environmentah@ineering
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1.0 Introduction and Background

1.1 Urgency for Clean Water

Statistics from 2004 indicate that 1.1 billion plppurrently lack access to an improved
water supply. Improved water supply is definedhms Joint Monitoring Program (JMP,

a collaboration of the World Health OrganizationH®) and the United Nation’s
Children’s Fund (UNICEF)) as the availability oflaaist 20 L of water per person from
an improved water source within 1 km of that petsavelling (WHO/UNICEF, 2007).
Improved water sources include protected springsehmoles, household standpipes, etc.,
which provide safe, clean water. Further, the migjof these 1.1 billion people reside

in either Asia or Africa, with 2 of 5 Africans laitlg access to an improved water supply.
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Figure 1: Distribution of the world population with and without access to an improved
water supply in urban and rural areas in 1990 and 204 (WHO/UNICEF, 2007).

Figure 1 indicates that the percentage of people adcess to an improved water supply
has risen from 78% in 1990 to 83% in 2004. WHils shows an improvement, 17% of
the world’s population is still in need. Furthemma, 1.3 to 2.0 billion people are
currently without access to safe drinking watertéwghat is below government water
quality limits) (Smith, 2008).

Waterborne diseases (diarrhea, typhoid, etc.)usteone of the many effects of this
glaring issue. Currently, there are four billiases of diarrhea per year worldwide,
resulting in 1.8 million deaths (90% of which araangst children under five years old)
(WHO/UNICEF, 2006). Furthermore, statistics shbattl0 million people die each
year from cholera, typhoid, dysentery and otherrbdeal diseases caused by poor
sanitation.
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Members of the United Nations (UN) assembly metnfi®eptember®8™, 2000 to
address these issues. The result was the deveatbpiiae UN Millennium

Development Goals (MDGS), a set of eight goals diatameeting the basic needs of the
worldwide population. The seventh goal detailsrtbed to ensure environmental
sustainability (UN, 2005). A subset of this gddrget 10, is to reduce by half the
proportion of people without sustainable accessafe drinking water by 2015 (UN-
NLGS, 2007). A 2006 report released by the UN shthat there is still significant work
that needs to be done to achieve this goal.

Proportion of urban population using improved drinking walter sources, Proportion of rural population using improved drinking water sources,
2004 (Percentage) 2004 (Percentage)

B Less than 50% I 765%%-90% Insudficient data B Less than 500 I 7é%-00% Insutficient data
B S0r%-T5% 9% 100% SO TE I 515 1000

Figure 2: Percentage of the world population usingmproved water sources in urban and
rural areas (UN-DESA, 2006).

Additionally, the 4' Millennium Development Goal is to reduce child tatity.
Specifically, this goal aims to reduce by two tkittle child mortality rate amongst
children under five. Seeing as how diarrhea aceofantroughly 1.6 million deaths
among children under five, the eradication of thgease is important (UN, 2005). In
order to do this, progress must be made to enhaatex and sanitation in the developing
world.

1.2 Ghana

1.2.1 Geography

The Republic of Ghana is located in Western Afrittsborders Togo to the East, Burkina
Faso to the north, Cote d'lvoire to the west, &redGulf of Guinea to the south.
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Figure 3. Geographical location of Ghana (FAO, 2007

Ghana has a land area of 239,460 sq km, whiclgistlsl smaller than the state of

Oregon and roughly the same size as the Unitedd¢img(About, Inc., 2007). The
climate is varied across the country, but primatibpical. In the southeast it is warm

and dry, contrasted by hot and humid conditiorthénsouthwest. In the north, the
climate is hot and dry (World Factbook, 2007). Taiafall trends are seasonal. In the
south there are two rainy seasons; May-June andgfseptember (IMF, 2006). In the
north there is just one rainy season, beginnirigay or June and ending in September or
October (BBC, 1997).

There are roughly 21 million people in Ghana, vatmedian age of 20 years (About, Inc.,
2007). In 2007, the infant mortality rate was ®aths per 1,000 live births. Thisis a
better rate than the countries neighboring GhaneiBa Faso, Cote d’lvoire, and Togo
have infant mortality rates of 90, 87, and 59 deatr 1,000 live births, respectively
(CIA, 2008). However, the infant mortality rateMorthern Ghana is 154 deaths per
1,000 live births (GSS, 2004). Additionally, Ghgams many of its African neighbors

as having one of the worst life expectancy ratebénworld, 59 years (World Factbook,
2007).

1.2.2 Socioeconomic Status

Ghana has a number of valuable natural resoure@sdlly gold, timber and cocoa). As a
result, a large component of Ghana’s economy igmd by foreign exchange. Despite
these resources, a 1992 estimate indicated th4¥3df Ghanians are below the poverty
line (About, Inc., 2007).

A standard means of calculating a nation’s wortio isum the value of that nation’s
goods and services produced for one year. Thesilzdion is what is known as the Gross
Domestic Product (GDP). In 2006, the Internatidviahetary Fund (IMF) calculated
Ghana’s GDP to be US $59.4 billion, compared td@®f US $13,020.9 for the US.
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This places Ghana fout of the 179 nations assessed in 2006. Natidthssimilar
GDPs include Guatemala, Uzbekistan, and Kuwait (IRIFO6).

The distribution of wealth in Ghana is also of no@ne statistic that measures the
distribution of income is known as the Gini Inddka country has perfect distribution
(everyone makes the same amount of money) thel@lak will be 0, where as if there
is perfect inequality amongst incomes the Gini indél be 100. The Gini Index for
Ghana is 41 (Earth Trends, 2003). This is the damelndex as the US.

Distribution of Income, Ghana
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Figure 4. The Distribution of Income in Ghana among20% quantiles (Earth Trends, 2003).

Additionally, 45% of the population lives on legah US $1 US per day and 79% of the
population lives on less than US $2 per day (Earémds, 2003).

1.2.3 Water Quality in Ghana

Master of Engineering (MEng) MIT student Sophienkin conducted a survey in
Northern Region, Ghana in 2007 that indicates @P&of traditional households always
have access to improved water or sanitation (JohrZ@07). But among modern
households, 83% always have access to an improaest source, and 100% always
have access to improved sanitation. Traditionab{) households are of mud-brick
construction with thatch roofs and dirt floors. #&wn (urban) households are of concrete
or brick construction with concrete floors anddirtile roofs. Another study reports that
88% of urban populations are using improved drigkirater sources, compared with

only 64% of rural populations (UNICEF, 2004). Tall shows the state of water and
sanitation in Ghana in 2000, and what the MDG'’s @irachieve by 2015.
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Table 1: Water and Sanitation in Ghana in 2000 Comared with MDG Targets for 2015
and 2020 (Ampomabh, 2004)

2000 MDG - 2015
Pop | Access | Acces |Pop |Access | Access
(m) | (m) S (m) | (m) (%)
(%)
Water Rural [11.8 | 5.2 44% 171|125 73%
(MDG 2015) | yrpan |84 |5.1 61% |13 |11.4 | 88%
Total 20.2 | 10.3 51% 30.1 | 239 79%
Sanitation Rural [11.8 |13 11% 19.3 |10.8 56%
(MDG 2020) Urban |8.4 3.4 40% 15.1 12.1 80%
Total 20.2 | 4.7 23% 34.4 | 229 67%

Table 2: Progress Made Towards Meeting MDGs in Ghaa, Mali, and Niger (Ampomah,

2004)
Goal 1 Goal 4 Goal 7
Eradicate extreme | Reduce child Ensure environmental
poverty and mortality sustainability
hunger
Country Target Target Targgt
Halve the Reduce under Halve the proportion of people

proportion of five and infant without sustainable access to

people suffering

mortality rates

improved water and basic

from hunger by two-thirds sanitation
Undernourished Under-five Population Population with
people mortality rate | with improved | improved access
(as % of total pop) | (Per 1,000 live access to to basic sanitation
births) water sources (%)
(%)

Ghana | On track Off track Off track Off track

Mali Off track Off track On track Off track

Niger | Off track Off track Off track Off track

It is clear from Table 2 that if the conditions tiane to progress in the same manner as
they have to date, the MDG targets for improvecasto water and basic sanitation
(among others) will not be reached for Ghana.
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1.2.3.1 Microbial Contamination

In the WHO'’s Guidelines for Drinking Water Qualitie first priority for drinking water
is to “ensure an adequate supply of microbially sahter” (WHO, 2004).

The presence of pathogenic bacteria in drinkingewattypically due to fecal
contamination. However, it is generally diffictdt measure fecal contamination. As a
result, non-pathogenic and easily detectable migandsms are used as indicators of
fecal contamination in drinking water. One meahdaing this is to measure the total
coliform (TC) count. Coliforms are among the 1%batteria that are capable of forming
colonies. TCs are non-pathogenic, but their presé@mdicates microbial contamination.
The standard unit of measure for reporting TC aoimation is the total number of
colony forming units (CFU) per 100 mL. The EPA apfed the use of TC as a
microbial indicator in 1986 when they passed thie Sainking Water Act (Gallagher,
1996). The WHO Guidelines for Drinking Water QtaB™ Edition (2006) refers to TC
as appropriate for evaluating drinking water treaitrsystem performance (WHO, 2004).
The Ghana Standards Board (GSB) requires that hi€etdrations in drinking water be

0 CFU/100 mL (GSB, 1998).

Another means of measuring bacterial contaminati@a measure thEscherichia coli
(EC) count. EC is a bacteria present in feceshuman defecate there may be as many
as 10 trillion EC bacteria microorganisms. Du&€s origin in feces, the presence of
EC has typically been used to indicate fecal comtation of water sources. EC
concentration is a subset of the TC concentrasoraccording to the GSB, there should
be 0 CFU/100 mL of EC present in drinking water.

MIT Master of Engineering (MEng) students Rachdéfeand Sophie Johnson
conducted an epidemiological study on water qualiyditions in Northern Region,
Ghana in 2006 and 2007, respectively. During thdys both students took water
samples from a combination of traditional and madeyuseholds. The drinking water
sources among the households surveyed includectholdstaps, standpipes, boreholes,
and dugouts. In Peletz’s research, the primarysaedndary drinking water sources
were boreholes and dugouts, respectively. Fromsa2dples, 100% tested positive for TC,
with an average TC concentration of 3,000 CFU/10@Reletz, 2006). Peletz’'s results
also show that 71% of the samples taken testediy@m$&r EC, with an average of 50
CFU/100mL. Johnson’s research indicated an aver@geoncentration of 23,000
CFU/100mL among traditional homes, which primatised dugouts for water collection,
and 1,500 CFU/100mL among modern homes, which piiynased household taps or
standpipes for water collection (Johnson, 200 il&rly, Johnson’s results indicate that
the average EC count is 690 CFU/100mL in tradititveenes, and 1.4 CFU/100mL in
modern homes (Johnson, 2007).

1.2.3.2 Turbidity

Turbidity is a measure of the cloudiness of a wagéenple, as a result of suspended and
colloidal solids. This cloudiness originates frpinytoplankton, resuspension of
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sediments, urban runoff, sediments from erosiagaeagrowth, and waste discharge. The
reason that high levels of turbidity is a health@ern is that contaminants like bacteria
and virus attach to the particles. Once the biactervirus attaches to the particles, it is
more difficult to disinfect the water via chlorim@t or other methods, because the solid
acts as a shield for the contaminant.

A Nephelometer, also known as a turbidimeter, inatrument for measuring suspended
particulates in a liquid. It shines a light thrbueywater sample and measures the
intensity of light that scatters at a’#hgle from the source beam. The more suspended
solids in the water sample, the more scatterind,tha higher the turbidity. Units are
recorded in Nephelometric Turbidity Units (NTU).né&her means of measuring
turbidity that is particularly useful in remotelfiesettings is with a turbidity tube. Using
a turbidity tube, the turbidity is reported in Tidity Units (TU). The GSB sets a
maximum turbidity in drinking water of 5 NTU (GSB998). A turbidity of 5 NTU
represents the point at which the turbidity becomsgible to the naked eye (WHO, 2004).
The WHO does not set a guideline for the maximuniidity level, however, a value of
0.1 NTU is recommended for disinfection purpose$l®y/2004). As a basis of
comparison, as of 2002 the US water quality stathftarturbidity is a maximum of 1
NTU. Additionally, 95% of the daily samples must exceed 0.3 NTU in any given
month (USEPA, 2005).

In Northern Region, Ghana, 1 million of the 1.8liail people drink water from
unimproved sources, one of the most common of wisiclams (or dugouts) (GSS, 2004).
Dams are excavated, structures, which store wiadptrecipitates during the rainy
season and that flows from intermittent streamsmé&of these dams dry out due to the
long duration of the dry season (9 months), for@agmunity members to travel long
distances to collect water from other sources.

A major health concern associated with these darttsat they are highly turbid.

Harvard School of Public Health Masters studentiiiiel Foran performed turbidity tests
on eleven dams during the rainy season in 2002 alkrage turbidity value of the dams
tested was 690 TU, with a median of 300 TU (Fo&f)7). Additionally, some of the
dams had turbidity values as high as 2,000 TU.s&lterbidity tests were performed at
the dams themselves, so there was no time foraheles to settle. MIT MEng student
Johnson performed turbidity tests on stored, prattnent water samples during the dry
season (2007). Because these samples were takem@usehold storage containers, the
time that passed between water collection and sagikely allowed the settling of
particles. From 33 different rural households,chiprimarily used dams as their water
source, Johnson calculated an average turbiditl0fNTU (Johnson, 2007).
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Table 3: Average Turbidity of Dams in Northern Regon, Ghana (Foran, 2007, Johnson,

2007)
Season Sampling Location Number of Samples Average Turbidity
Rainy Direct From Dams 11 690 TU
Dry Storage Containers in 33 190 NTU
Households

1.2.3.3 Diarrhea

Because many of the primary water sources in NortRegion, Ghana are unimproved
and microbially contaminated, Peletz investigatexidorrelation between the use of
improved water sources and the prevalence of diarrlAmong households surveyed
where at least one person had diarrhea, 10% ofi@dag diarrhea, while of those same
households only 47% always used improved watercesurOn the other hand, among
household where there was no diarrheal disease of486se households always used
improved water sources (Peletz, 2006).

1.3 The Kosim Filter

The ceramic pot filter is locally manufactured ih&@ha by Ceramica Tamakloe Ltd.
(CTL) and distributed in the Northern sector of Gady Pure Home Water (PHW).
Locally branded th&osint filter by PHW, this ceramic water filter is impmeated with
colloidal silver. It relies on gravity to filterater through porous clay and is shaped in
the form of a flower pot. Itis 31 cm in diamet24, cm high, and holds 8-8.5 L of water
when full (Jackson and Murcott, 2007). The topheffilter rests on a plastic ring that
fits on top of the plastic storage receptacle, Whie filtered water is collected in. The
storage receptacles are 50 L clear, plastic bucketme advantages associated with the
use of plastic receptacles include ease of stosdgeping and handling, and cleaning.
Other components of the filter unit include a paspigot connected to the bottom of the
receptacle, and a plastic or ceramic lid for thpedbthe filter and receptacle.

! Kosim is a Dagbani word meaning “clean water"g“trest water” or “the water one serves to guests”
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Figure 5. The Kosim Filter and its components (PFP, 2007).

The ceramic filter is made in Ghana, while theagerreceptacle, lid, ring and spigots are
imported. The sales and distributionkadsimfilters in Northern sector of Ghana, as well
as in Burkina Faso is carried out by PHW. PHWthase full-time and two part-time
employees who are responsible for contacting conitieanmaking community
presentations, and selling tesimfilters to consumers in the North. For rural sale
when PHW contacts a new community to gelsimfilters, they first contact the village
chief and/or the village volunteer. Each commuhig a village volunteer, who is
responsible for keeping records of the people encthmmunity, organizing village events
(feasts for newborns, funerals, etc.), and otrslsta This meeting leads to a community
wide demonstrative training about the use ofkbsimfilter, which is led by a PHW
information, education and sales specialist. Tfeeiglists are native to this particular
region and speak the local language. After thegiation, the village volunteer gathers
a list of all the people who want to purchasetatfil They are also responsible for
collecting money for the filters. In return, thidage volunteer is rewarded with a Ghana
Cedi (GHC) 1 (equivalent to US $1) commission fur sale of each filter. Once a list
has been created and the appropriate money cal|diters are delivered to the
communities.

In Nicaragua, 15% of ceramic pot filters—of ideatidesign by Potters for Peace
(PFP)—that were monitored over a six month spaarned breakages (Hwang, 2003).
Studies on similar filters in Cambodia have ideetifa 2% ceramic filter disuse rate per
month, mostly due breakages (Brown, 2007). Aceaydd PHW, it is recommended that
Kosimfilters be replaced every three years (Jacksorivandott, 2007).

Peletz’'s and Johnson'’s research determined thetigfaess of th&osimfilter at
mitigating diarrhea in Northern Region, Ghana.ePetletermined that the use of the
Kosimfilter reduced the risk of diarrhea by 42% forldren under five (Peletz, 2006).
Johnson found that households with filters were 688 likely to have diarrhea when
compared to households without filters (Johnso0,/20 In Cambodia, the ceramic filters
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reduced diarrheal rates among users by 40% wheparewoh with non-users (Brown and
Sobsey, 2007).

1.3.1 History

In 1981, the InterAmerican Bank funded a reseanatiysto determine the most efficient
and sustainable filter (ICAITI, 1984). The filtangre judged by their flow rate, their
effectiveness at removing bacteria, their cosiy gese of distribution, and whether they
could be locally made. One of the groups receitimgling for this study was the
Central American Research Institute for Indust@AITI). Dr. Fernando Mazariegos
worked for the ICAITI and was the first to develagolloidal silver impregnated ceramic
pot filter. Mazariegos’ filter was handmade andweéfective at treating microbially
contaminated waters (ICAITI, 1984). His filter walso cost-effective and easily
produced. In 1984, Mazariegos received fundingnftbe United States Agency for
International Development (USAID) to work with Medl Assistance Programs (MAP)
International to spread the colloidal silver cerafiiter design to Quechua potters in
Cotopaxi, Ecuador (MAP International, 1985).

In 1994, after Guatemalan communities rejecteduieeof chlorine tablets, AFA
Guatemala investigated using Mazariegos’ filtehtextogy as an alternative. They
conducted a one-year study that indicated thagusi@ ceramic pot filter reduced the
incidence of diarrhea by 50% (Donachy, 2004). tate1998, Hurricane Mitch
devastated drinking water sources across Centrarigm which affected an estimated
18% of the population in Nicaragua (USAID 2001, 28D This disaster created a need
for a simple, low-cost, mass-produced, water treatrtechnology. In response, Potters
for Peace (PFP) standardized the shape and sMazzriegos’ filter and began mass-
producing them for implementation in 1999 (Riv&@08).

Since then, the PFP filter—originally designed bgtzdriegos—has reached 1.5 million
users in 21 countries across the world in CentrakAca, the Caribbean, West Africa
and South East Asia (Rivera, 2008). To accomphigh approximately 30 locally owned
and operated filter manufactures have been edtablis these areas of the world. The
PFP filter is commonly known as thdtron in Central America and by various other
brand names in specific countries. In Ghana,khswn as th&osimfilter.

1.3.2 Use

To use the&osimfilter, all one must do is fill the ceramic potaged filter with water

and allow gravity to perform the filtration. Oneust ensure that the lid to the ceramic
filter is always on so that the water is not contated by airborne particles or
unhygienic handling. While the actual use of ttterfis simple, there are specific
instructions for cleaning. The filter itself mus scrubbed frequently with filtered water
to remove filtered particles and microbes. In Herh Ghana, it is recommended that
filters be cleaned after each use. Also, the ssitthe storage receptacle should be
cleaned with chlorine once a month. (Instructiprevided by PFP for use and
maintenance of the filter are provided in Appendlix
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1.3.3 Ceramic Filter Composition and Production

The primary components of th&osim filter are clay, water, and combustible material.
Typical PFP filters are composed of 50% clay ang 5®mbustible material, although
proportions vary (PFP, 2008). Sometimes grog/tengpadded to the mixture in order to
control shrinkage and avoid cracking (Dies, 2008)itially, clay of a particular grain
size is gathered, it is mixed with water, and tlkembustible material is added to the
mixture. This order is important to ensure thatycis the material which absorbs the
water.

After the mixture has been properly combined, ahum filter molds are used to form
the shape of the filter. Hydraulic presses arerofised, but a variety of methods have
been employed in practice. After forming, theefit are left to dry for 2-3 days (PFP,
2008). This is important to ensure that the potsidbcrack due to rapid drying. The
next step is to fire the pots in kilns at a temperof 887°C (PFP, 2008). During firing
the heat removes any additional water, chemicazridized, the clay vitrifies, and the
sawdust is burned off, leaving pores in the ceramiterwards, the filters are allowed to
cool, and the filter flow rate is tested. If thkeks are within the 1-2.5 L/hr specified
flow rate, colloidal silver is painted on the filter it is dipped in a bath of colloidal
silver.

To encourage widespread use, there is no patethieddFP filter (PFP, 2007).

1.3.3.1 Clay

Clay is a naturally forming material that resulsn the weathering of rocks. It has a
high plasticity, which means that it is easily wabke. This property is significant as it
allows ceramicists the ability to manipulate clatoicertain shapes. The clay used in
ceramic filters is typically earthenware clay. thanware clays differ from stoneware
and porcelain clays in that it is more porouss tthe most commonly found in nature, and
it has the lowest firing temperature (Shepard, 1968s, 2003).

In order to use the earthenware clay, it first nlaestried by air drying, fan drying, or
other methods. The clay is then sieved to a cegadin size by using screens with
openings of specified size. As a result, eacheschas a maximum grain size associated
with it; given by the number of openings in oneagunch (e.g. 60-mesh screens have
60 openings per square inch). For PFP filtersctag must be sieved between 60-mesh
and 35-mesh screens, resulting in clay with a gsa@ between 0.42 mm and 0.73 mm
in diameter (PFP, 2007).

1.3.3.2 Combustible Material

Combustible materials are important in the prodauctf ceramic filters as they create the
porosity of the filter after incineration. In thapplication, combustible materials can be
sawdust, corn flour, wheat flour or rice husk. iCatly, PFP filters are composed of
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sawdust. The combustible material is sieved thnc@D-mesh screens (particles with a
grain size less than 85 pum in diameter) beforeghadded to the mixture.

1.3.3.3 Pore Size

In ceramic pot production, the pore size is ofulraost importance. If the pore size is
too large, then bacteria will pass through thefiltOn the other hand, if the pore size is
too small, the flow rate will decrease beyond aabtelimit. Bacteria have a size range
from 0.3 to 100 pum, viruses have a size range l&tWe02 and 0.gm (MEI, 1991), and
protozoa have a size range from 5 to 500 um (Araer®ociety of Microbiology, 2006).
If the ceramic filter was designed to remove alltase germs, it would not yield a
sufficient flow rate. Therefore, the ceramic filte designed to only filter bacteria and
protozoa. The most important, measurable backeei&C. EC are rod shaped bacteria,
with a 2um length and a 0.pm width. According to PFP, pore size should béanger
than 1um in order to effectively remove EC (PFP, 2008jowever, maintaining this
minimal pore size would negatively affect the floaate. As a result, the pore size is
typically designed larger and colloidal silver (GSpadded to prevent EC from filtering
through (discussed more thoroughly in the followsegtion).

An electron microscope was used to determine yipatdal PFP ceramic filters in
Nicaragua have pores that range from 06¥3(Lantagne, 2001). Further tests were
performed by Doris Van Halem on filters from Nicgwa, Cambodia, and Ghana using
two different methods, bubble-point test and MIRufMHalem, 2003). Using the bubble-
point test, the average pore size wasid) and using mercury intrusion porosimetry
(MIP), pore lengths varied from 16 to gB. With Ghanian made filters, Van Halem’s
research identifies pore sizeskasimfilters to be 4Qum and 19um using the bubble-
point test and the mercury intrusion test respebtiv

The reason that these tests may differ is becauspasitional properties of filters may
be different. As mentioned in the previous twotiees, clay and sawdust are sieved
within a particular grain size range. Therefomamns filters may be composed of particles
that are on the lower end of that range, while iatingay be composed of particles that
are on the upper end of that range. As a resdtpore sizes of the different filters

would be variable.

With the pore sizes described above, some of thieha would be filtered, but a
significant portion would pass through if screenimgre the only process removing
bacteria. However, it should be noted that othatewtreatment processes are taking
place (e.g. sedimentation, diffusion, inertia, tuemce, and adsorption). Furthermore,
CS is included in the design of the filter to kilicteria.

1.3.3.4 Colloidal Silver

CS is a solution of water or proteins that contamsmicroscopic particles of silver
(.015-.005 microns) held in liquid suspension. $ier concentration used for PFP
filters is 3.2% strength (3200 mg/L) Microdyn sadut (Lantagne, 2001). Two milliliters
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of this solution is mixed with 200-300 mL of watard of the resulting solution, two-
thirds is painted on the inside of the filter ameahird on the outside of the filter (Dies,
2003). This is done because studies have showm#iter filters primarily through the
sides of the filter, as opposed to the bottom (agné, 2001). This is likely due to the
fact that the porosity is lowest in the middle loé filter (42.5%) compared with the
bottom (38%) (Van Halem, 2003). Once the silves baen applied, it seeps into the
ceramic filter and distributes throughout the thieks of the sides. Studies have shown
that the addition of the CS does not affect the ftate (Lantagne, 2001).

“Silver compounds are used widely as effectiveramtiobial agents to combat pathogens
(bacteria, viruses and eukaryotic microorganismshe clinic for public health hygiene”
(Silver, 2003). The primary reason for adding @il silver to the ceramic filter is to
control the growth of microorganisms. Silver acgtishes this by reacting with the
structural groups and proteins in the bacterid| pebducing structural changes in
bacterial cell membranes, and interacting with ewchcids (Russell, 2004).

Lantagne’s laboratory research on three PFP fitensludes that filters with an
appropriate flow rate and with colloidal silver renwe 100% of TC, fecal coliform, and
EC, as well as 94-100% of fecal streptococcus @@me, 2001). She arrived at this
conclusion by testing bacterial removal throughdéemic filter at varying CS
concentrations.

Table 4: Bacterial Removal Rates with Varying Concatrations of CS (Lantagne, 2001)

Bacterial Removal Rates
Silver Applied No silver 2 mL 1mL 2 mL 5mL
.0094% 3.2% 3.2% 3.2%

TC 98 76 100 100 100
Fecal coliform 97 63 100 100 100
Fecal streptococcus 82 76 100 100 100

The most important aspect of these results isltimk of colloidal silver at strength of
3.2% is required in order to remove 100% of thed¢hindicator bacteria.

Given that a metallic solution is added to the wéblgation process, it is important to
understand the associated health risks. The WH@elie for silver in filtered drinking
water is 0.1 mg/L or 100g/L (WHO, 1993). Field results from 24 homes ic&agua
show that the concentration of silver in wateefiétd through PFP filters does not
approach this limit (Lantagne, 2001a). Only twdh# 24 households tested indicated a
silver concentration greater thap&/L (the two households had concentrations of 6 and
15pg/L).

1.3.4 Flow Rate

Prior to distribution, th&osimfilters are tested for flow rate by the manufaetun
Accra, Ghana. If the flow rate does not fall witlhe range of 1-2.5 L/hr, the filter is
discarded (Jackson and Murcott, 2007).
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Table 5: Flow Rate of PFP Filters

Location Source Number | Lab/Field | Range (L/hr) | Average
of Filters (L/hr)

Ghana Matellet, 2005 3 Lab 048 —-1.91 1.06
Ghana Van Halem, 2006 7 Lab 1.05-4.29 2.41
Nicaragua Lantagne, 2001 24 Field 0.13-3.5 0.98
Nicaragua | Van Halem, 2006 7 Lab 0.51 —1.45 0.85
Cambodia | Van Halem, 2006 8 Lab 0.51-1.14 0.73
Cambodia Brown, 2007 1 Lab 15-2 1.75
Burkina Faso | Piaskowy, 2008 2 Lab 0.16-3.37 0.61
Guatemala ICAITI, 1984 1 Lab N/A 3.5

When the WHO performs exposure calculations, thipically assume that each person
consumes two liters of drinking water per day (8mi998). Therefore, this standard
can be used as an average for drinking water copisoim

Matellet calculated the flow rate through esimfilter in Northern Ghana applying
water samples from various improved and unimpravatkr sources and determined that
the flow rate ranged from 0.48 L/hr to 1.91 L/hrgtdllet, 2006). She calculated the
flow over a three-hour span, and determined treatate decreased each hour (from 1.84
L/hr to 0.83 L/hr to 0.52 L/hr) with an averagevilof 1.06 L/hr. This gradual decrease
is logical given the gravity-driven process of tdesamic pot filter. Assuming th€osim
filter is able to maintain a flow of 1.06 L/hr, 250f water would be available per day.
This is enough water to provide two liters of diimkwater for each person in a 12
person household (median household size in NortGéana, Johnson, 2007).

On the other hand, Lantagne conducted a field dfuatyvisited 24 Nicaraguan homes
using the ceramic pot filter, and found that tlefrates ranged from 0.13-3.5 liters per
hour. She concluded that 14 of the 24 filtersrebtiprovide a filtration rate sufficient to
provide each family member with 2 liters of drinfgiwater per day (Lantagne, 2001).

Furthermore, the exponential decrease in flowwatie time shown in Matellet’s results

has been observed elsewhere. Van Halem performeddte tests on PFP filters that
were at full capacity, % capacity, ¥z capacity, &ndapacity.

28



Discharge vs. water level
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Figure 6: Average flow rate through PFP filters atdifferent capacities (Van Halem, 2006).

Another means by which the flow rate is reduceakis result of clogging over time. A
study in 1984 found the flow rate through a cerafittier to reduce by 50% (3.5 to 1.97
L/hr) over a one-year period (ICAITI, 1984). Addital studies indicate that after 12
weeks all discharges are reduced below 0.5 L/hn (Walem, 2003). This value is
insufficient to provide improved water to a houddho

The primary reason for reduced flow rates is dutaécaccumulation of particles
(bacteria, suspended solids, etc.) that clog thespio the filter. In Lantagne’s 2001
study, all of the families cleaned the filter mdgtibut not all of them cleaned them
properly. In order to clean the filters properdne must scrub the filter with enough
force to remove the suspended solids. This scngpbill also remove a microlayer of
the ceramic; however, the filter is thick enougéttthese losses are inconsequential
(Lantagne, 2001).
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Figure 7: Average flow rates of PFP filters from Canbodia, Ghana, and Nicaragua over a
12 month span (Van Halem, 2006).

29



The importance of cleaning is further emphasizedd®/Brown’s research. Figure 8
shows the viral removal through a ceramic filtéhe steady decline in removal is
noteworthy, as is the increase in removal aftearuley.

Cleaning
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Figure 8: Viral removal rate of ceramic filter and the affect of cleaning (Brown and Sobsey,
2007).

Figure 7 and Figure 8 show the dramatic effect ¢heining has on regenerating flow
rate. Lantagne was able to acquire two dirtyrsiteom homes in Nicaragua. These
filters had flows of 0.40 L/hr and 0.28 L/hr (Lagtee, 2001, 2001a). After thoroughly
scrubbing these two filters, the flow rates wegereerated to 2.1 L/hr and 2.0 L/hr,
respectively.

Sara Piaskowy performed flow rate tests on Kesimfilters—made by CTL and sold to
the NGO Helvetas in Burkina Faso by PHW—over aghmenth period in 2008. In the
beginning of the experiment, the filters were tllwvo times per day, once in the
morning and once at mid-day, with water with tuityi®.63-16.37 NTU and fecal
contamination 4,120-34,100 CFU/100mL (Piaskowy,80MAs the study progressed,
the filters were only filled once per day becauseftow rate had slowed to a point where
it was unnecessary to fill the filter again. Adalitally, the filters were cleaned twice.
The first cleaning was one month into the experinaewl the filter was cleaned by
scrubbing. The second cleaning was two monthstire@xperiment and the filter was
cleaned by both scrubbing and backwashing. Tovask the filter, Piaskowy filled a
sink with “clean water” and placed the ceramic edatrin the tub upside down. She
placed a tub on the ceramic element to keep it sudpeal and allowed gravity driven
backwashing to filter water through the ceramithi@ reverse direction as water is
typically filtered. The addition of backwashingusificantly helped regenerate the flow.
The flow rate from one of these two filters is dégmd below.
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Figure 9: Prolonged flow rate throughKosim filter. The “initial flow rate” refers to the flo w
rate during the first hour. The “final flow rate” refers to the flow rate between the third
and fourth hours of filtration (Piaskowy, 2008).

Lastly, research has shown that there is no vanati microbial performance among
filters with flow rates between 1.0 and 2.1 L/hafitagne, 2001).

Table 6: Microbiological Results in Three Filters vith Different Filtration Rates (Lantagne,

2001)
| Raw Water Factory Filtration Rate
10 1.5 2.1
Total Coliform 3108 0 ] 0
Fecal Coliform 1583 0 0 0
Fecal Streptococcus 33 0 2 0
E. coli 0 0 0 0

1.3.5 Microbial Performance in Laboratories, Nicgea, Cambodia, Ghana, and Other
Locations

According to PFP, the ceramic filter technologywhaemove 99.98% of TC and EC
under laboratory conditions (PFP, 2008). Extensigter quality tests have been
performed in laboratories and in the field on fdtproduced in Nicaragua, Cambodia,
and Ghana. The results from these tests are rfiestresented as the percent removal,
log removal, the before and after microbial concians, or as the presence/absence of
water quality indicators for TC, EC, and turbidity.
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Table 7: Percent Removal of Water Quality Indicatos for the PFP Ceramic Filter in

Laboratory and Field Conditions

Research Specifics

Water Quality % Removal

Location Source n* Lab or Turbidity TC EC MS2°
Field
Honduras | CESSCO, 1999 1 Lab 100
Nicaragua | CIRA-UNAN, 8 Lab 99.9-100 | 100
Aug 1999
Nicaragua | CIRA-UNAN, 1 Lab 100
Dec 1999
Nicaragua | CIRA-UNAN, 1 Lab 98.9 100
Jun 2000
Nicaragua | CIRA-UNAN, 3 Lab 90-99.5 | 82-100
Jun 2000
Nicaragua | CIRA-UNAN, 3 Lab 100 100
Jun 2000
Nicaragua | CIRA-UNAN, 2 Lab 100
Jul 2001
Cambodia Brown, 2007 1° Lab 99.5 98
19 Lab 99.5 99
2 Field 99.2
Ghana Matellet, 2006 3 Lab 99.5 100
Ghana Johnson, 2007 | 35° Field 92 99.4 99.7
7 Ficld 68 90 85
Burkina | Piaskowy, 2008 | 2 Lab 87-100 98-100
Faso®

a — Number of filters
b — MS2 is a viral surrogate
¢ — Filter with colloidal silver

d — Filter without colloidal silver

e — Filters in traditional (rural) homes
f — Filters in modern (rural) homes

g—Filters were manufactured in Accra, Ghana by CTL
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Table 8: Water Quality Values for the PFP Ceramic Hter Before (B) and After (A)
Implementation

Research Specifics Water Quality Values
Turbidity TC EC
(NTU, (CFU/100mL) | (CFU/100mL)
TU)
Location | Source n' Labor | B A B A B A
Field
Bolivia | CESCCO, 1 Lab 460 0
1999
Nicaragua | Lantagne, | 24 Field 10 3.2
2001a
Cambodia | Brown, 60" Field | 7.52 | 3.08 3500 110
2007 80° Field | 8.70 | 1.53 | 14000 | 2000 | 2300 160
Ghana Matellet, 3 Lab 13167 60 0 0
2006
Ghana Peletz, 24 Field 3000 0 50 0
2006
Ghana | Johnson, 35¢ Field 190 | 11 | 23000 | 170 690 2.5
2007 7¢ Field 45 | 1.4 | 1500 150 1.4 0.21

a — Number of filters
b — Randomized, controlled sample
¢ — Independent appraisal of filters sold from 2Q005
d — Filters in traditional (rural) homes
e — Filters in modern (urban) homes

Table 9: Households Indicating Presence of Microbildndicators Before and After Using
the PFP Filter in Nicaragua (Lantagne, 2001a)

TC

EC

Before

After

Before

After

24/24 = 100% 23/24 = 100% 15/24 = 63% 8/24 = 33%

Van Halem'’s results are presented as the numbsaroples that are within a particular
range of percent removal for TC and EC. Therefibrese results are included in
separate tables. The source water for the samgpested in Van Halem’s research is
from the Schie Canal in Delft, Netherlands.

Table 10: Laboratory Percent Removal of TC for Filiers from Different Production
Locations (Van Halem, 2006)

Country of origin Percent removal

< 97% 97-97.29% 9E8-95,99% 99-99,99%5 > 99,99%
Cambodia 0 0 3 (6% 0 35 (94%.)
Ghana 0 0 4 (8%) 3 (6%) 41 (85%)
Micaragua 0 0 0 0 48 (100%)
Micaragua (no silver) 0 3 (6%) 1(2%:) 3 (6% 41 (85%)
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Table 11: Laboratory Percent Removal of EC for Filers from Different Production
Locations (Van Halem, 2006)

Country of | n' | 99%- | 99.9%- | 99.99%- | 99.999%- | 99.9999%- | 99.99999%-
Origin 99.9% | 99.99% | 99.999% | 99.9999% | 99.99999% | 99.999999%
Cambodia | 10 1 1 1 5 2 0
Ghana 11 0 0 1 4 4 2
Nicaragua 12 0 0 1 1 6 4
Nicaragua® | 8 2 1 3 2 0 0

a — Number of filters
b — Filters without colloidal silver

These results indicate that the PFP filter is éiffecat removing turbidity, TC, and EC.

In terms of turbidity, the ceramic filter is abtereduce the turbidity of water sources on
the order of 100’s of NTUs to single digit turbigitalues. The ceramic filter also
typically removes greater than 99% of TC and E@nfthe research presented in Table
7, TC concentrations in source waters are redugedd orders of magnitude as a result
of filtration (from 10,000’s to 100’s). Similarlyhe EC concentrations are generally
reduced by one order of magnitude (1,000’s to )00’s

Lantagne gathered field data from 24 householdseroimg the performance of the PFP
filter from Nicaragua in 2001. Turbidity levelsateased by 83% and 22 of the 24
samples were below the 1993 WHO guideline valug §TU (WHO, 1997).
Additionally, 98-100% of indicator bacteria werenaved (Lantagne, 2001).

Van Halem conducted similar laboratory studiestengerformance of a ceramic filter
from Nicaragua in 2006. Van Halem proved thata&eamic filter impregnated with CS
was able to reduce EC to less than or equal tol/T®mL (Van Halem, 2003). These
values are contrasted with effluent EC concentnatfoom ceramic filters without CS of
10-29,000 CFU/100mL. Van Halem’s research alsodaiat the ceramic filter reduced
turbidity counts from 0.8-31 NTU to 0.3 NTU.

Brown conducted extensive field and laboratory aes® on the reduction of microbial
indicators with the ceramic filter in Cambodia. témms of turbidity, Brown found that,

on average, the ceramic filter reduced turbidipnfr9.1 NTU to 2.6 NTU. He also found
that the filters reduced EC by up to 99.9999%, \aiterage removal rates of 99% in both
field and laboratory testing (Brown, 2007). THheefis also reduced the presence of
viruses by 90-99%.

Matellet performed water quality testing with thiesramic filters on water samples
taken from Northern Region, Ghana in 2006. Matétiend that the ceramic filters
removed 99.5% and 100% of TC, using two Membraiteafion and 3MM Petrifilm™
test methods, respectively. Additionally, thesfit removed 100% of EC (Matellet,
2006).
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Johnson also performed water quality testing withktosimfilter in 2007. In terms of
turbidity, the ceramic filter removed 92% and 6886traditional (rural) households and
modern (urban) households, respectively. Heri®also indicate that among
traditional households the ceramic filter remov8d7/% of TC and 99.4% of TC
(Johnson, 2007). Additionally, among modern hooki) removal rates were 85% of
EC and 90% of TC. While these removal rates ayeifstant, the treatment provided is
not perfect. Traditional households with filtet#l §ad average TC count of 170
CFU/100mL, which indicates th€osimfilter is not capable of removing all TC.

1.3.6 Extent of Use in Ghana

TheKosimfilter has already been widely distributed in Memn Region, Ghana. In

2004, funding was raised by a Dutch organizatiobriog filter ceramist expert, and PFP
founder/director Ron Rivera to Ghana to train P&wmakloe and his employees to make
the PFP filters (Matellet, 2006). Since then, @eca Tamakloe Ltd. (CTL) has been
manufacturing filters and has sold 22,500 filterglate.

By 2006, CTL had grown to 35 employees and prodwsed 2,000 filters. The two
primary organizations that purchasesimfilters are Enterprise Works and PHW.
Enterprise Works bought and distributed 10,00@rdtbetween 2006 and 2007
(Stevenson, 2008) and PHW distributed 10,K08imfilters in the Northern sector of
Ghana and Burkina Faso since CTL started manufagtutJNICEF and Oxfam have
bought 5,000 and 500 filters from PHW, respectivalyaddition to the 2,000 already
sold as of 2006 (Murcott, 2008). In January-Maws€R008, PHW distributed roughly
2,000 filters to flood victims in the Upper Eastddpper West regions of Ghana. CTL
direct sales account for the remaining filters, ahhivere likely sold in greater Accra.

The cost of Kosimfilter is GHC 15-20, which is approximately eqtalUS $15-20,
depending on how far it must be transported andieted of training and service
provided (Jackson, 2008). Urban retailers rec@iA#€ 2, PHW salespeople receive
GHC 1, and village volunteers receive GHC 1 comimisfor the sale of each filter.
Additionally, it costs GHC 4.50 to replace the eemfilter and GHC 2.00 to replace the
tap (Jackson and Murcott, 2007).

35



1.4 Aquatabs

Figure 10: Strip of 10 Aquatabs.

Aquatabs are chlorine tablets that meet internatipmecognized specifications for water
treatment. The primary chemical constituent of &tqbs is sodium dichloroisocyanurate
(NaDCC or GHC;2N3O3Na), also known as sodium troclosene, triclosemkuso, or
sodium dichloro-sy-triazine (Medentech, 2006). TWwe other primary constituents are
adipic acid and sodium carbonate, which are add@kintain a constant pH in the water
of 6.2 (Bakhir, 2003). This pH value ensures optioonditions for the NaDCC to
release a measured dose of hypochlorous acid (H@®ich is referred to as the free
available chlorine (FAC) level in this thesis) (ZBackpacking, 2005). HOCL is
electrically neutral, which allows for ease of dgfon through cell walls. After passing
through the cell wall, the HOCL reacts with thetpins, DNA, RNA, fatty acid groups,
cholesterol, or enzyme systems of the cell, whigitiivates the bacteria.

Table 12: Chemical Composition of Aquatabs by Weigh(Medentech, 2001)

Ingredient Weight in
Product
(%0 wiw)
Troclosene Sodium / 1,3.5 - Triazine 39.41%

-246(1H, 3H, 5H) - tricne, 1, 3 -
dichloro-, sodinm =alt
CASNp 2893_78-9

Adipic Acid 26.71%
CAS No. 000124-04-9
Sodinm Carbonate 6.00%

CAS WNo. 000497-19-8
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The tablets come in a variety of sizes and reatiggolve in water without leaving any
deposits. They are used as a point-of-use waatntrent, meaning they are applied
directly to the water source, for emergency rediedl routine household water
disinfection (Da Vinci, 2006). In the past, Aquatehave been supplied to the following
International Aid Agencies: WHO/PAHO, UNICEF, Re&s Organizations,
Medicines Sans Frotieres, CARE, ECHO, and WorldovigMedentech, 2006). In
terms of routine household water disinfection, Agba are currently being used in Haiti,
Venezuela, Tanzania, Kenya, and other countriesi@iech, 2006). Another use of
Aquatabs is for the disinfection of water tankstevdransporters, wells, boreholes and
water pipelines. According to the manufactureru&i@bs are preferred over
hypochlorite in terms of taste and odor (Medent2€i06).

The primary function of Aquatabs is to kill pathagemicroorganisms in drinking water,
which can cause waterborne diseases like cholgrhoid, dysentery, diarrhea, etc. They
are effective at treating natural waters with vasipHs and fecal contamination values
(Medentech, 2007).

Aquatabs are non-hazardous for transportation. ithaelly, due to the relatively small
size of the tablets, they are easily shipped andled. Aquatabs have a shelf-life of 5
years in strip-packs (typically strips of 10 tabjetind 3 years in unopened tubs.

Aquatabs are also distributed in granular form.

1.4.1 Medentech Background

Aquatabs are manufactured by Medentech Ltd. Medéns an Irish company that was
established in 1984 (Da Vinci, 2006). They ardnarmaceutical manufacture with a
certificate of Good Manufacturing Practice (GMP)ddéntech, 2007). The WHO has its
own guidelines for GMP pharmaceutical products,clvhiequire documentation for each
step of product manufacturing (WHO, 2008). Thiswes that every unit produced is
the same and is of good quality. Most countridsamly accept GMP certified products.

Medentech specializes in effervescent (a procesghigh gas escapes from liquid
causing the liquid to “fizz") tablets and granufes healthcare. They have been
distributing Aquatabs for relief situations sinbe mid-1980’s. Currently, Medentech
manufactures and distributes products to WestedrEastern Europe, Australia, Asia,
North America and Latin America.

1.4.2 Aquatab Tablet Weight and Dosing Requirements

Aquatab tablets are available in a variety of stpeseat specified volumes of water.
Furthermore, the volume of treatable water peretaddpends upon the contamination of
the water source. For every day use and clearwatgces, the dosage should be 2
mg/L of FAC (Medentech, 2006). For emergency situnes and dirty/fecally
contaminated water sources the dosage should bmgi6of FAC. The reason for this
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increased dosing is that the hypochlorous acidredtt with the organic and inorganic
materials found in dirty waters. As a result, moeeds to be added so that the chlorine
can adequately treat the water.

Table 13: Aquatabs and Dosages (Medentech, 2008)

Every Day Use Emergency Use
NaDCC Content Water Treated Per NaDCC Content Water Treated Per
Per Tablet (mg) Tablet (L) Per Tablet (mg) Tablet (L)
Strip-Packed Product
3.5 1 8.5 1
17 5 17 2
33 4-5
67 20 67 8-10
167 20-25
500 150
Tablets Packed in Tubs
1670 500 1670 200
8680 2500 8680 1000-1250

The reason that certain tablets are used onlywenyeday use and others only for
emergency use is that some tablets are more relewagiven situations. Typically, the
amount of treatable water for dirty/fecally contaated water sources is half that of clear
water sources, when using tablets of the same waighcontent. Additionally, the
reason that ranges of treatable water are providé&dble 13 is because the amount of
treatable water depends on the degree of contaminatong dirty water sources.

Using 67 mg tablets, only 8 L of heavily contamethtvater could be treated, where as
10 L of less contaminated water could be treated thie same tablet.

Therefore, the first step in water treatment witjuAtabs is to select a size/dosage that
will adequately treat the water sample. The tabléten placed in the water sample, it
self-dissolves, and in 30 minutes the water is safirink. There is no need to stir the
water unless the volume exceeds 200 L, in whick tas water must be stirred for even
distribution. Additionally, waters which exceedliidity values of 80 NTU should be
filtered before treatment (Da Vinci, 2006). (AppenB includes instructions provided
by Medentech regarding the use of 67 mg Aquatabs.)

In keeping with the WHO'’s Guidelines for Drinkingafér Quality (2004), Medentech
recommends that the free available chlorine (FARgIls be greater than 0.5 mg/L 30
minutes after the tablets have been added. Addiliyy 24 hours after the tablets have
been added, the recommended FAC level should lesadhan 0.2 mg/L to ensure that
all of the bacteria are killed (CDC, 2008). Mediit also recommends that the FAC
level never exceed 5mg/L in the water sample (M&gdm 2006). In contrast, the CDC
recommends that 30 minutes after chlorinating tsamild be no more than a 2.0 mg/L
FAC residual (CDC, 2008). These two upper limit2 and 5 mg/L FAC residual are
used to ensure that there isn’t an unpleasantdastdor in the water
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1.4.3 User Acceptability

Aquatabs have been positively accepted accordiMgettentech supported studies
conducted across the world. In Tanzania, 70% {8Dpof people preferred Aquatabs to
hypochlorite (Medentech, 2006a). Likewise, in @ &rson study in Brazil, the same
percentage of people preferred Aquatabs to hypathidMedentecha, 2006). Also,
during a four-week study in Bangladesh, 78% of 880ple favored the use of Aquatabs.
A 200-person study in rural Honduras found that #&qbs were the first choice for water
purification products. Reasons for these posaieeeptability rates include ease of use,
storage and minimal chlorine taste.

1.4.4 Performance

Numerous studies around the world have been coeduct the performance of
Aquatabs. In 1993, Aquatabs reduced TC counts gm@ater samples taken in Kenya
from levels as high 2,400 CFU/100mL to 0 CFU/100mjust 30 minutes. Likewise, in
tests done in South Africa, the TC count was reddem 1,400 CFU/100mL to O
CFU/100mL in a similar time frame. Similar studres/e proven Aquatabs to drastically
reduce TC counts in Zimbabwe (1998), Tanzania (Rd@ance, Brazil, Honduras, Spain,
the Dominican Republic, Vietnam, Portugal, El Sdiwa India, Swaziland, and Pakistan
(Medentech, 2006).

During a four-week pilot study in Bangladesh meméid in the above section, mothers
were given 67 mg tablets for water treating 20 water per tablet (Molla, 2006).
Untreated waters had TC counts in excess of 103 Fiabable Number (MPN of
coliforms)/100 mL. After treatment, the averagemobial concentration in water
samples was 1.4 MPN/100mL (Medentech, 2007). Likewthe FAC tested was
between 0.2-2.8mg/L. In terms of health effectmrgo the pilot study 100% of children
under the age of five had diarrhea. After the wt6&.7% of those same children were
free from diarrhea. Furthermore, there was an%®5&duction in cases of severe
diarrhea (Molla, 2006).

1.4.5 Extent of Use Worldwide

Hundreds of millions of Aquatabs have been supplieddwide to pharmacies, drug
stores, emergency relief efforts, travel markets, @efense forces (Medentech, 2006).
Currently, Aquatabs are available in 40 countr@<gallaghan).
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Figure 11: Geographical locations where Aquatabs & used (Medentech, 2006).

Some of the countries with which Medentech is autyg(or is on course to) working

with for long-term, household water treatment pamgs include Algeria, Haiti, Indonesia,
Kenya, Philippines, Sudan, Swaziland, TanzaniandgaVenezuela, and Ghana
(Medentech, 2006a).

1.4.6 Extent of Use in Ghana

Currently there are no Aquatabs in use in Ghanagréparation for implementing this
technology, Medentech funded a Center for Diseas#r@l (CDC) pilot study in 2006
on the use of Aquatabs in Bipelar, a middle-clasaraunity in Northern Region, Ghana
(Blanton, 2006). It is important to note that Bgrds a community with access to piped
water supply. However, many rural communities ortNern Region, Ghana rely solely
upon dam water as their drinking water source. Rigk turbidity in these dam waters
makes chlorination by itself—without other treatrireminstable, which is likely why a
community with a piped water supply was selected.

Blanton, the principal investigator for the CDCpayed 240 households which included
3,240 household members in Biplar. She taughethesiseholds how to use the
Aquatabs, provided a three month supply, and teanmed 22 times to follow-up and to
do water testing. At the end of her survey, 98%hefhouseholds were still using the
water treatment tablets. Additionally, 75% of thater samples taken consistently
showed a FAC residual greater than 0.1mg/L. Imseof EC, Blanton compared
households that she provided with Aquatabs witbrdrol group using a placebo.

Among the households with Aquatabs, the percerdhgamples with no indication of

EC present increased from 4.2%-83%-92% from hegllvesvisit to her midterm visit to
her final visit, respectively. Likewise, among ttentrol households the samples with no
indication of EC present varied from 12.5%-9.1%-5@8tn her baseline visit to her
midterm visit to her final visit, respectively.

After a tragic flood devastated Northern Ghanaept&8mber, 2007 leaving thousands
homeless and without water, Medentech shipped 1@mAquatabs to support the
flood victims. After long delays, these tabletg&veleared through customs in
December, 2007 and are now ready for distribution.
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1.5 Objective of Research

Individually, neither th&osimfilter nor Aquatabs are capable of adequatelytitigahe
extremely turbid dam or river water that many peaplNorthern Region, Ghana drink.
Previous research indicates that while Klosimfilter is effective at significantly

reducing the amount of suspended particulatesidityband greater than 99% of the TC
and EC, it does not remove 100% of the TC and ESqnt in the water sources.
Similarly, while Aquatabs are effective at elimimat bacterial indicators in relatively
clean water sources, the highly turbid water inthem Region, Ghana poses significant
challenges to chlorination. Therefore, by firttefing turbid water through th€osim
filter, and then chlorinating the filtered waterthvAquatabs, it is thought that a superior
treatment will be obtained than could be had withee technology alone.

This thesis explores the effectiveness of this daptbtechnology for lower and lower-
middle class communities in Northern Region, Gharteyse primary drinking water
supplies are contaminated surface waters. Italseeys user acceptability (i.e. “use”
and “sustained use”) of this complementary system.
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2.0 Research Methodology

2.1 Goals of Research, Comments and Logistics

The goal of this research is to determine whethemabined water treatment technology
consisting of &osimfilter and Aquatabs is an effective and practicalisehold water
treatment system for Northern Region, Ghana. deioto do this, one must not only
determine the technical efficacy but also inteveith the people and communities that
are potential targets for such a system. Befoginbeng research, a number of factors
had to be considered.

Household water in the Northern Region of Ghartgpgally collected from both
improved and unimproved sources, including damsyistreams, boreholes, protected or
unprotected dug wells, rainwater, and/or piped nsu@ply. In urban centers and towns,
it is also often purchased in plastic bags (saslaé¢tr). Ideally, everyone would have
access to improved water supply systems such ahdles, protected wells, or piped
water supply. However, the reality is that mangnoaunities either can’t afford such
improved water supply systems, or they are notlavi@. Therefore, the target of this
research is communities that rely primarily on damd other unimproved water sources
as their drinking water supply. These communitiestypically rural or peri-urban, with
households of traditional construction (as descripeeviously).

Another factor this research considered was théyabf users to sustain the use of the
system (i.e. consumer acceptance and be willingogsay for Aquatabs once they were
no longer provided for free beyond the period ef éluthor’s pilot study). The
sustainability of this system is just as or evenanmportant than the technical
performance. And while th€osimfilter is a one-time purchase, Aquatabs require
continued purchasing for the duration of use. Bseaf this, it is important to gain
insight regarding the user acceptance in communitiezarying economic means. This
diversity of information will allow for more compie conclusions to be drawn about the
potential sustainability of this dual system.

Furthermore, aside from the pilot study conductgthle CDC described previously,
Aquatabs are a foreign product imported into tegon, which presents a number of
challenges. For one, while Ghanians are accustéone introduction of new products
and assistance from foreign donors, they may be oowsfortable using products that are
similar to ones they already use. For exampleKth@mfilter is a very simple
technology and one that is similar to the clayagervessels used in rural households,
therefore it is highly compatible with indigenousgtics. In each rural household,
composed of roughly 12-14 people (Green, 2008, tBgr2007, Peletz, 2006), there are
typically 2-5 large, circular, clay storage vesselsich hold water brought from the
dams. It is hypothesized that this familiaritylwiteramic vessels results in Ghanians
feeling more comfortable using a similar produke ltheKosimfilters. On the other
hand, Aquatabs are small, chlorine tablets, forcviinere is no comparable product in
rural Ghanian communities (except, perhaps, meelciAs a result, it is thought that

42



people from these communities may not as readigatcor properly use Aquatabs
because of cultural conservatism or lack of pra@ening and oversight. Therefore,
appropriate education—with respect to user acceptand proper use—was a
consideration in this pilot study.

Because the ability to conduct this research wasmident upon user acceptance, it was
decided that households already usfmgimfilters would be targeted for this study.
That way, the community members would only needet@ducated on one new product,
as opposed to two new products. Further, it wagldd that the Aquatabs would be
distributed for free for the duration of the studihis was done to ensure participation
from all of the community members.

2.2. Research Plan

In order to determine the effectiveness and usemability of this combined system, it
was decided that roughly 70 households would lgetad for a pilot study. This number
was optimistically chosen based upon the maximumbar of households previous MIT
MEng students were able to visit in a three weelopgPeletz and Johnson visited 50
and 42 households in 2006 and 2007, respectively).

Furthermore, while English is the official languagféshana, local dialects are the
languages of rural communities. In these commesyithe women are in charge of the
household water collection and management. IniéontRegion, Ghana, only 13% of
women are literate, and most speak little-to-nolBhdGSS, 2003). As a result,
translators were needed to communicate with thenmamity members. The primary aid
for translation and education was Napps, a 23 giebGhanian student. Tuu-Naa was
also hired to assist with translation and educatiéimally, the village volunteers of the
two selected communities, Chairman and Zach, askighen available.

During household introductions, participants werfeimed about the purpose of the
study and were given the option to declare padioim. Once they agreed to participate,
a baseline introduction was conducted with the Bbakls to ensure that they were
appropriately using functional filters. The “fiteed-only” water was sampled for
turbidity, EC, and TC and the households were uleséd in the use of Aquatabs, given a
one week supply, and told that a return visit waaddur in one week. During the return
visit, any questions were answered about the coedbsystem, and the filtered and
chlorine disinfected water was tested. This pregesvided insight into the user
acceptability and performance of the combined syste

2.2.1 Community Selection Strategy

As previously discussed, communities were not rarigselected. Instead, three
screening criteria were used to determine whichmamty(ies) would be the focus of
this study. Only communities that already owné¢baimfilter and that use dams as
their primary drinking water source were consider@aother consideration for selecting
communities was the proximity of the communitieshte author’s lodging site, given
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that transportation options were limited. WhileTiamale, a house was rented by the
MIT team in the area called SSNIT, which is roughlgiles northeast of downtown
Tamale.

The original plan was to target 70 households fstridution. And in order to gather
information from various economic backgrounds, asvdecided that one lower-class
community would be chosen and one middle-class camityn Therefore, it was also a
priority to ensure that communities of an apprdersize were selected—roughly 35
households per community—so that every househadgssing &osimfilter was given
Aquatabs. This was important so that people dicdgebupset about unfair distribution.

It was also important because if everyone in tharoanity has the combined system,
there is a greater likelihood that they will usbetause it was anticipated that they might
talk with their neighbors and potentially encourageh other to use the new product.

Weighing all of these different considerations, &gja was selected as the lower-class
community. This community is located roughly 2esisoutheast of downtown Tamale.
In a previous research study, Brandies Universiagtdr student Alioure Dia distributed
24 Kosimfilters to 23 households (2 for the village voleer) for freé. This distribution
occurred in January, 2007 (Dia, 2008). The housishia this community are composed
of small, circular homes of mud-brick constructianth thatch roofs, and dirt floors. In
a typical household, there are six circular buddimits. These units also form a circle,
with mud-brick walls connecting the various uni®ere is a door to the household
between two of the units. In the middle of thicla of units there are fire pits, where the
cooking and cleaning is done. The main water sofgcthe community of Kalariga is a
dam located roughly 1/3-1 mile south of the comryuni

Figure 12: Kalariga Dam.

! Dia, a Muslim from Senegal, disagreed on philoszgitand religious grounds with the PHW strategy of
selling filters to the poor. His study designrifere entailed free distribution of 25 filters—itlose
follow-up over a 6 month period.
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At some point into the dry season, the Kalariga Riaies out completely. At that time,
people must travel roughly 1 mile to the GhanasamDor water collection.

The other community selected was Kakpagyili, a lomeldle-class community located
roughly 2 miles due south of downtown. There &&®8simfilters in the community of
Kakpagyili, which were sold to the community 3 mwprior to the visit. The
households in this community are a mix of tradiéibconstruction (similar to Kalariga),
and modern construction. Modern construction sclly done with concrete walls,
concrete floors, and tin or tile roofs. The prignarater source for Kakpagyili is one of
two dams. One is located Y2 mile north of the comitgyKakDam1), and the other is
located %2 mile south of the community (KakDam2he Tommunity members generally
travel to whichever dam is closer.

St R e

Figure 13: Kakpagyili Dam 1 (KakDam1).

There is also a piped water supply near Kakpagiibwever, it is only available to
certain households, and it generally is only avéédor the early portion of the dry
season because the water source dries up (Oki0ga).2Afterwards, everyone has to
use the dam water.

This community was chosen because of its proxitoitipelar. As mentioned
previously, Bipelar is the community where the Cpildt study was conducted on
Aquatabs. The reason Bipelar was not selectethi®istudy is that they have access to
piped water supply. Therefore, it was decided ghedmmunity near Bipelar would be
appropriate in the hope that some people from Kgypavould have heard about
Aquatabs from their neighbors in Bipelar.

Water quality data has been collected for soméaetiams servicing these two
communities by Johnson, Foran, and Yazdani in 2007.
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Table 14: Water Qaulity of Dams Servicing Kalarigaand Kakpagyili (Johnson, 2007, Foran,
2007, Yazdani, 2007)

Dam Source Turbidity TC EC
(NTU/TU) (CFU/100mL) | (CFU/100mL)
Kalariga Johnson, 2007 159.2 43,000 785
Kalariga Foran, 2007 >2000 13,475 754
Ghanasco Foran, 2007 1,600 6,621 169
Ghanasco Yazdani, 2007 817 57,825 25
KakDam1 Foran, 2007 38 21,667 100

There has been no previous water quality testingakDam?2. The turbidity, TC, and
EC values presented in Table 14 are similar tteereatment values in Table 8, and
greatly exceed drinking water guidelines.

2.2.2 Participant Selection Strategy

The communities were chosen such that every hold@hpossession of lkosimfilter

in Kalariga and Kakpagyili was visited as partlué study, resulting in a census from the
two communities. Therefore, 59 total participanese approached and agreed to
participate in the study.

2.2.3 Development of Dosing Protocol

Prior to distribution, it was important to develagonsistent dosing protocol for the
combined system. 67 mg tablets were the tabletdade for this research study.
Medentech advises that a 67 mg tablet be added koo2 “clear water” or 8-10 L of
“dirty water”. Four different dosing strategiesne@eonsidered:

1. Dose directly into ceramic pot, before filtration

2a. Add Aquatab to storage receptacle by drillifgke in side
2b. Add Aquatab to storage receptacle by liftingao@c pot

3. Provision of 20 L jerry cans specifically for dogin

Option #1 was to dose the water before filtratitithe Aquatabs were added prior to
filtering, then the dam water would certainly bexsiolered “dirty”, and an 8-10 L volume
of water would be appropriate. The volume of Kwsimfilter is 9 L, which is within

this range. Therefore, for this dosing stratelg,tiouseholds would fill their ceramic
pots and immediately add one Aquatab to the wakbe primary advantage associated
with this option is that it is easy for the houselsdoecause it doesn’t require any lifting
or further preventative sanitation measures. Hawnehis method was not chosen for
two reasons. For one, once the water is adddtetodramic pot, filtration begins
immediately. Medentech suggests that households3@aninutes for the Aquatab to
fully dissolve and react with the water sample.erBfiore, if the Aquatab was added
directly into the ceramic filter, then some of thater would filter through the sides in
the first 30 minutes, which wouldn’t interact withe chlorine. Another complication is
that the turbidity in the water samples would actaahield for the bacteria. When
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Medentech refers to dirty/fecally contaminated weteey are likely not referring to
water with turbidity 100-2,000 TU. Therefore, tloistion was discarded.

Option #2 is to add the Aquatabs directly into sterage receptacles provided with the
Kosimfilters. As currently manufactured, the filtenedter is completely covered by the
lid on the storage unit and the ceramic filter.efidiore, two different methods of dosing
were brainstormed. One option would be to driibde large enough for one 67 mg
Aquatab in the side of the storage receptacles fbie would be sealed with Duct Tape
or some other adhesive tape, which would prevemtiacoination of the filtered water.
Another method would be to lift the ceramic filtart of the storage receptacle and add
an Aquatab to the filtered water. Filter owners already accustomed to frequently
lifting the ceramic filter out of its container arder to clean it, but are instructed not to
lift the ceramic element when it contains water—tiueoncerns with breaking the lip of
the pot.

These methods are advantageous because they titdizevered storage receptacles and
so there is no need for the provision of anoth&r serage container. These methods are
also aided by the fact that the storage receptaees volume measurements (marked in
5 L increments) that are already along the sidd®plastic receptacles. Because the
dosing protocol calls for one 67mg Aquatab taldeie added to 20 L of “clear” water,
with this method one would filter water until itaghed the 20 L mark, add the Aquatab,
wait 30 minutes, and then the water would be réadgrinking.

Both of these strategies are appealing becauseinfsimplicity. However, there are a
number of disadvantages. For one, both optiowsvdir the possibility of
recontamination. With the drilled hole, airborreetples and microbes can enter the
storage receptacle unless the hole is sealedtahal. Because there is no simple way
to prevent this, one is taking a risk in assumirag tontamination won’t occur. The
same problem is associated with lifting the cergpoitout of the storage receptacle to
dose. While dosing is taking place, the uncovevater may become recontaminated by
airborne particles. A further complication withsldosing strategy is that there is a
greater likelihood that breakages will occur. Amge that the ceramic filter is handled,
there is a possibility for accidents to happener€fore, by requiring the households to
handle their filters every time that they doserthiter, one is providing more chances
for breakages.

These dosing strategies are also rather ineffidaatto the relatively slow flow rate
through theKosimfilter. As described previously, water flows thgh newKosimfilters

at a rate of 1-2.5 L/hr (a value which decreaséls use as the pores become clogged
between cleanings). In order to comply with theidg values prescribed by Medentech,
if the Aquatabs were added directly into the sterageptacle, then no additional water
could be filtered through the filter until all dfe chlorinated water was consumed. This
means that 20 L of water would be available aftesiny. However, all of this water
would need to be consumed before more water caufdtered through th&osimfilter.

As a result, there would be no drinking water ald# from the time the chlorinated
water was consumed until 20 L of new water wasriltl through th&osimfilter. And
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with such limited flow rates through the filterwis decided that using tk@simfilter
storage receptacle for dosing was impractical.

Therefore, Option #3 was decided upon for thisasgestudy. This option is to provide
households with 20 L containers specifically fosithg. Locally made, readily available
storage receptacles of that volume were soughe mdst practical storage container
found in Northern Region, Ghana was 20 L plastittamers called jerry cans. In Ghana,
jerry cans of various sizes are common and areallpiused to store palm oil. They are
easily purchased in most market places for GHC CT@HIS $1). With the provision of
this additional storage container, the househabdddccontinually filter water through

their Kosimfilter even after the jerry can was filled and s To ensure participation, it
was decided that the jerry cans would be provided 6f charge for this study, along

with the Aquatabs.

2.2.4 The Survey Instruments

In order to obtain dependable user acceptabilgulte from the study participants, two
surveys were created for personal interviews, wtaaften the most effective way of
enlisting cooperation in research projects (Fowd883). This strategy allows for
probing inadequate answers and multimethod datectimn (e.g. observations). The
development of these surveys also increases thendepcy of the results, because all
guestions are asked the same to each participant.

The first survey was developed for use during thigai visit to the households already
using theKosimfilter. Its purpose was to inquire about thedimnality and
effectiveness of theiKosimfilter. This survey was conducted to ensure that
households were using their filters properly—arat tione of the filters were broken—
before the study began. The survey was also deedlto gauge the satisfaction level of
the sole use of the filter. At the conclusionlustsurvey, households were instructed in
the use of the combindtbsimfilter and Aquatabs system and were given a jearyand
an initial supply of Aquatabs.

The second survey was developed for the follow-sj, \after the households had
already had an opportunity to use the Aquatabs ptipose of this survey was to gauge
the satisfaction level of the complementary ustheKosimfilter and Aquatabs. It was
also developed to determine how much the communésnbers would be willing to pay
for the Aquatabs, if they were for sale in the nefrk

Both surveys are included in Appendices C and D.

2.2.4.1 Baseline Survey

Concurrent to the author’s research, another teembyer, MIT student Kate Clopeck,
was focusing her Masters level research solehherstibject of use/sustained use of the
Kosimfilter disseminated by PHW from 2005 to presefterefore, many questions in
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the author’s baseline survey are common to Clopgeslitvey. The difference is that the
observational question, “How much water is in theeptacle?” was added.

The initial portion of the survey was written tdarm the households about the research
that was being done, to obtain participant’s infednconsent, and to obtain information
about the household for identification purposeacthousehold was informed that a
research study was being conducted on the combisedf theKosimfilter and

Aquatabs, that their participation in the study wakintary, and that all information they
provided would be kept confidential. If the houskehconsented to participating in the
survey, then questions were asked regarding the nage, and household status of the
respondent. This information was important to easbat the appropriate households
could be revisited in follow-up surveys.

The first set of questions pertains to the actsaland history of th€osimfilter. As part
of these questions, the survey respondents are &slsbhow thdosimfilter and the

water that they use to fill th€osimfilter. They are also asked if their filter is ikong
properly. These questions are asked to estabigttie household members are using a
functional filter. Other relevant questions instsection include inquiring how long they
have had their filter, as well as how many timesvpeek they fill their filter.

Another important consideration before distributhguatabs was to confirm that the
households are properly maintaining their filtehs.the next series of questions, the
survey respondents were asked about the mainteohtioar filters. Initially, they are
asked to act out the cleaning of their filters.e¥lare also asked when was the last time
they cleaned their filter, as well as how many 8Brtieey clean their filter per week.
These questions are important as households uamgngter were targeted in this study.
Because households are using dam water, the tiybalues are extremely high in the
water source, which means that a large amountsgfended particulates will be filtered
out during filtration. If these suspended partte$ are not scrubbed off of the ceramic
filter, then they will impede the flow of water thugh filter.

The last series of questions was developed to gaogesatisfied the community
members were with theikosimfilter. Questions were asked regarding the taktbe
filtered water, if the filter was easy to use, wWiegtit had ever broken, etc. One question
on the survey was about whether the community mesrtbeated their water before they
had theKosimfilter. Every household that was surveyed wasiptesly supplied with a
Guinea Worm Cloth Filter as part of the free dimition by the Guinea Worm
Eradication Campaign. Because these filters wistaltlted as “filters”, all of the
survey respondents indicated that they did, in far@viously filter their water. The last
guestion of the baseline survey was about wheraigime someone from the
household had had diarrhea. All of this informati® important because if the
community members are already satisfied with threecul level of treatment using the
cloth filter and/or thé&osimfilter, then they will be less inclined to use thguatabs in
addition to thekosimfilter.
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2.2.4.2 Follow-up Survey

The second survey was developed for the returhtaeishe households. After the first
survey was conducted, the community members weeng 20 L jerry can and a one-
week supply of Aquatabs for free, and were insgddtow to the use them. They were
also informed that there would be a return visibie week to answer questions and test
their water. The format of the second survey vilmila to the baseline survey,

including household information, use, perceptior aost-related questions.

The same household information questions as askix ibaseline survey were asked in
the follow-up survey. These questions were as&gatdperly identify the households,
and thus allow for the comparison between the tweoeys and the two sets of water
quality results

The first questions from the follow-up survey wdeyeloped to inquire about the use of
the Aquatabs in combination with tK@simfilter. The respondents were asked if they
used the Aquatabs, and if so, how many Aquatalsttheé used during the previous
week.

The next set of questions concerned the houseleotdption of the Aquatabs. The
respondents were asked if the Aquatabs improveth#te of the water. They were also
asked questions about whether the Aquatabs weyde@ase, if they had experienced
any problems using the Aquatabs, and if they woetdmmend Aquatabs to others. The
households were then asked if anyone in the holdélad had diarrhea in the previous
week. This series of questions was asked to eteatha household’s overall satisfaction
with the product.

The last question was related to the cost of theafaps. This question was important to
include because if the community members were dingito purchase the Aquatabs
after the conclusion of the study, then it wouldndtter how effective the Aquatabs were
at treating the water. The manufacturer of Aquatabrently charges US $0.03 for 1
Aquatab. This equates to US $3 for 100 Aquatabs;twis roughly the same as GHC 3
for 100 Aquatabs. Therefore, the households wskedaif they would spend GHC 3 for
100 Aquatabs. If they said no, then they were dsiaat they thought a fair price was
for 100 Aquatabs.

2.2.5 Survey Implementation and Logistics

In order to visit traditional (rural) householdsNiorthern Region, Ghana, one must first
visit the village chief. The chief is in chargetbé community, and lives in the chief's
palace. The chief’s palace is similar to otherdaholds, although sometimes they are
larger and more luxurious. When visiting the \gkechief, one explains what it is he/she
will be doing in the community. The chief thenheit grants his permission, or prohibits
one from working in the community. Typically, thidlage chiefs are pleased that people
are trying to help, and are welcoming.
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After visiting the village chief, one must then tact the village volunteer (introduced
earlier). The village volunteer in Kalariga isledl Chairman or Youth Chief, and the
village volunteer in Kakpagyili is named Zach. TMikage volunteers were critical to

this research effort as they knew which househloédkthe filters. Also, even after
meeting the village chief, it is not polite to en®useholds unless you are accompanied
by someone from the community. So the village mtders were also important for
making household introductions.

For the initial visit, every household that hadli@f was entered with the village
volunteer, the guide/translator Napps, and theawutihen the man/woman who was in
charge of maintaining thi€osimfilter was surveyed. Questions were asked inighgl

and then translated into Dagbani (the local dialegtthe village volunteer or Napps.
Responses were given in Dagbani, and translatecEimglish for the author. For the

initial visit, the baseline survey was conducted arfiltered only water sample was taken.
Afterwards, the village volunteer or Napps educdtedperson in charge of tKe@sim

filter about Aquatabs, provided a jerry can ancha week supply of Aquatabs for free,
and informed them that there would be a returrt insbne week to answer questions and
test the water.

In one week, the same households were revisitegad no longer necessary to be
accompanied by the village volunteer as introdustibad already been made the
previous week. During the return visit, the follayw survey was conducted in the same
fashion as the baseline survey. At the conclusfahe survey, a water sample was taken
from the filtered and chlorine disinfected wat&he survey respondents were then given
an additional 2-3 month supply (depending on tegquency of use) of Aquatabs, and
were informed that someone would be back in onetimmnfurther answer questions and
test their water.

2.2.6 Strengths and Limitation of Methodology

One of the primary limitations of this research noelology is that it does not allow for a
direct comparison between filtered only water altdred and chlorine disinfected water,
and thus does not allow for a household-by-houskastessment concerning the
effectiveness of Aquatabs. This is because th@lesnare taken at different times (the
filtered only water during the baseline visit ahd filtered and chlorine disinfected water
during the return visit). This would not be a cemcif the water sources were
consistently of the same quality. However, thisasthe case in Northern Region,
Ghana. Dugout water quality varies depending oetlér the water has recently been
stirred (which increases turbidity), and due tdoagl and seasonal variation in microbial
concentration within water sources. This is eviderthe varied water quality results
gathered by Johnson and Foran on similar damssassded earlier. If water of
different quality is being treated, then it is @ifflt to make direct comparisons between
the filtered-only samples and the filtered + chierdisinfected samples.

However, even though direct household-by-houseboihdparisons are difficult to assess
with this methodology, with a large number of hdusds, general water quality trends
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can still be determined. Furthermore, by allowpagticipants a duration of time to use
the combined system, one can obtain user percemsults. The longer one waits
between baseline and follow-up visits; the longelividual households are able to use
the combined treatment system. As a result, haldehvill be better able to answer
guestions regarding the system and understanttetsgshs and limitations. On the other
hand, with more time passing before follow-upsimore likely that the quality of water
sources will vary due to seasonal variations ingihality of the dugouts and to the
amount of time that water is allowed to settlehia storage vessels. Therefore, it was
decided for this study to wait one week betweerlozs and follow-up visits and to
follow-up again 6 months later. This gave houséfain appropriate amount of time to
use the combined system, without being so longtheaguality of the water sources
varied dramatically.

2.3 Water Quality Testing Methodology

The four water quality parameters of most imporéafoe this research study were
turbidity, TC, EC, and FAC residual. The turbidifyC, and EC were tested during the
initial baseline visit and the follow-up visit. €#AC residual was tested only during the
follow-up visit, after AqQuatabs had been applied.

2.3.1 Sampling Methods

Turbidity and FAC residual results were both tedtedn the households. Turbidity was
tested with a turbidity tube, and the FAC residuast tested with a Hach Digital Titrator.
The TC and EC cannot be tested for in the houseboldamples were collected in
Whirl-Pak® sampling bags. Whirl-Pak® bags areilgetransparent, plastic, single-use
bags used for sampling liquids.

Figure 12: Example of Whirl-Pak® sampling bag usedo collect water samples
(LabShop).

There is a perforation at the top of the bags, Whitws for the top of the bag to be

easily removed. Directly below the perforatiorerthis a double-wire framing, which
allows for the bag to be easily held open. Ongpeidi has been added to the bag, the wire
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is whirled around the top of the plastic to sealltag. Additionally, there is a white strip
around the center of the bag so that bags can destha

In order to prevent the bacteria in the water sarfoim further growth, the sample must
be kept cool. To ensure this, a cooler was cawieite taking samples in the field. The
samples were taken back to the house at SSNITnatlpieriod that was always less than
6 hours, where a sterile field laboratory was set-Once in the lab, 3M™ Petrifilm™
microbial testing equipment was used to test amdyaa the samples for TC and EC.

2.3.2 Field Laboratory

A laboratory was set-up at the lodging site, whies completely sterilized with alcohol.

Figure 14: Field laboratory at lodging site.

A Kosimfilter was in the lab to filter the vended tankerck water, available at the
house. After filtering, the tanker truck water viesled with an electric stove to sterilize
pipette tips. The tips were then placed in alsted container, ready for use. Once
sterilization was complete, the boiled water wamiight to room temperature, and was
then used for diluting water samples. While ughmgsame water for sterilization and
dilutions is not ideal, water was scarce at theskourhe lab also had a Millipore
Portable Single Chamber Incubator for bacteria $asnand plenty of counter space—
with appropriate lighting—for microbial testing.
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2.3.3 Turbidity Tube

Turbidity was tested during the baseline and follgewisits to the households. It was
measured to ensure that tesimfilters were working effectively. The instrumarged
to measure this value was a turbidity tube fromAgek Ltd.

Figure 15: Turbidity tube (DelAgua).

This tube comes in two pieces so that it can biydgasnsported. To perform this test,
the two parts are pushed together to form one aledgube. There is a circular “bulls-
eye” target at the bottom of the tube. When orreasly to take the turbidity reading, the
water sample is slowly poured into the turbiditipeuuntil the target is no longer
discernable to the naked eye. At this point, théewlevel in the turbidity tube is read
from the outside, and the value is recorded. Afts, the turbidity tube must be cleaned
with pure water before using again.

The limit of detection with a turbidity tube is I%J. Therefore, for averaging turbidity
values and for presentation in graphs, measuremérfs TU were treated as 2.5 TU,
which is the middle of the range below 5. This wWase because with enough samples
the average would likely be near this value.

2.3.4 Digital Titration

FAC residual was tested during the follow-up visithe households. As described
previously, according to the manufacturer’s speatfons, the minimum FAC residual
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should be 0.5 mg/L 30 minutes after an Aquataletdids been added to 20L of water.
Additionally, there should be a minimum FAC of @g/L 24 hours after application,

and there should never be a FAC in excess of 5 m@/ith these limits in mind, it was
important to test the FAC during the return visithe households. As part of the survey,
the respondents were asked when the last Aquataladeed to the water sample, and
the FAC was tested with a Hach Digital Titratorsaswn in Figure 16 and Figure 17.

Delivery Knob
Controls titrant flow. Most
titrations will require between

Titration Cartrid
R e 10 and 40 turns.

Contains high-strength, prestandardized
titrating solution. Teflon seal at base Digital Counter
end and reseal cap covering tip protect Displays number of digits used.
against evaporation loss during storage.

Delivery Tube

Ejects titrant into sample. Counter Reset Knob

Resets counter to zero after
completion of titration.

Cartridges

Simply slide in and

Iockp\n}.i'ih a slight turn. Plunger Release Button ’
Releases plunger from the main threaded Handgrip
drive screw so that it can be manually Braces titrator against palm
advanced or retracted to engage the of hand for comfortable
piston with the cartridge. hand-held operation.

Figure 16: Hach Digital Titrator components (Hach,2006).

Digital Titrator Components:

-13mL Titration Cartridge

-Delivery Tube

-Hach Digital Titrator

-50mL Beaker

-Hach Free Chlorine Powder Pillow
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Figure 17: Hach Digital Titrator assembly (Hach, 206).

The procedure below is adapted from Hadbigital Titrator: Model 16900nstructions.
(Instruction sheet included in Appendix E).

1. Slide the titration cartridge into the recep#aand lock in position with a slight turn.

2. Remove the polyethylene cap from the titratartridge and insert a clean delivery
tube into the end of the cartridge.

3. Advance the plunger release button on the 8ligitrator to engage the piston with
the cartridge. Turn the delivery knob until aiedgpelled and several drops of solution
flow from the tip. Then use the counter reset ktwoturn the digital counter back to zero
and wipe the tip.

4. Measure 25 mL of the water sample and added#aker.

5. Add the Free Chlorine Powder Pillow to the watample and swirl the beaker. Wait
for 3 minutes. If there is a FAC level, the watample will turn pink.

6. Immerse the delivery tube tip in the solutiod awirl the flask while titrating. Titrate
by turning the delivery knob. Keep turning the krand swirling the sample until the
water sample has turned clear. Record the nunilzbgits that appear in the digital
counter window.

56



7. Calculate the concentration of the sample bifiptying the value recorded in Step 6
by 0.01 to obtain the FAC level in mg/L. (Accordito Hach, a 0.01 digital multiplier is
appropriate for determining the free or total cimerof a sample within 0 to 3 mg/L Q|

8. After completion, press the plunger releaséonutnd manually retract the plunger
into the body of the titrator. Remove the carteddgRemove the delivery tube and reseal
the cartridge with the polyethylene cap.

9. Clean the delivery tube immediately after ugédocing clear water—then air—into
the tube opening.

10. Discard the water sample, and rinse the beaiklerclean water

This process was performed in the field.

2.3.5 3M Petrifilm™ Testing E. Coli/Coliform Platount

As described previously, indicator organisms apeclly used in bacteria testing to test
for the likelihood of bacterial pathogens. In tthissis, TC and EC were used as indicator
organisms and 3M Petrifilm™ Coli/Coliform Plate Count was used as the test method.

3M Petriflm™ Materials:

-3M Petrifilm™ E. Col/Coliform Plate Count
-Plastic Spreader

-Automatic Pipette (Oxford)

-Pipette Tips

-Tongs

-Millipore Portable Incubator, XX 63 200 00

The chilled water samples were returned to therlavhirl-Pak® sampling bags after the
completion of each day’s fieldwork.

The procedure below is adapted fr8M Petriflm™ E.Coli/Coliform Count Plate:
Instruction Manual (2000).

1. (Keep packages of 3M Petriflm™ refrigeratempto use.) Place petrifilm plate on a
level, sterile surface, with the gridded side dowuft the top film.

2. Use Automatic Pipette with a sterile tip togdd mL of well-mixed sample onto the
center of the bottom film. For highly contaminateakters, perform appropriate dilutions
(typically 1:10 dilutions were performed in Ghanaless water source was extremely
contaminated, in which case dilutions of 1:100).

3. Roll the top film slowly onto the bottom filnBe careful not to create air bubbles.

4. With the flat side down, place the spreadetherntop film over the inoculum.
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5. Gently apply pressure on the spreader to big&iwater sample over the entire
circular area of the 3M Petriflm™ and to activéte gel.

6. Lift the spreader. Wait at least 1 minutetfag gel to solidify

7. Incubate plates in Millipore Portable Field ubator at 35C for 24 hours (+/-2 hrs).
Plates should be placed in the incubator with tiddgd-side down in stacks of up to 20

plates.

8. After 24 hours, remove plates from incubatat enunt the colonies. Blue colonies
with entrapped gas in association indicate thegmess of EC, while the sum of the red
and blue colonies with entrapped gas in associatidicates the presence of TC.
Colonies without entrapped gas are not counted.

Figure 18: 3M Petrifilm™ test results. Red colonis with entrapped gas in association
indicate EC, the sum of blue and red colonies witentrapped gas in association indicate TC
(3M Petrifilm™ | 2001).

For 1 ml samples the limit of detection using tmisthod is <100 CFU/100mL.
Therefore, when there is no TC or EC present, #haevwill be recorded as <100
CFU/100mL, however, for averaging test results fandlata presentation in graphs,
plates that had no TC or EC present will be treate80 CFU/100mL. This value is in
the middle of the <100 CFU/100mL range, and thusthr@nough samples—represents
the expected average value for these measurengamnig,(2008).
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3.0 Survey, Water Quality, and Flow Rate Results

Survey responses were recorded for each of th@&8eholds visited. In the following
chapter, results are presented in a series ofstalnlé charts. Data is categorized by the
type of response. For example, yes/no questiansanpiled into one chart, qualitative
guestions about water sources another chart, etc.

The turbidity, microbial, and FAC test results al®o included in this chapter. Each
individual household’s water quality results areganted in charts and graphs. A
complete table of the water quality results is aypleel in Appendix G.

Finally, the last portion of this chapter includiesv rate test results performed on seven
ceramic filters with varying water sources. Tinrmation is presented in a number of
plots.

3.1 Baseline Survey Results

The baseline survey includes 16 questions perg@immiuse, maintenance, and perception.
Many of the questions on the survey are not vezbdlguestions, but rather observations
made by the surveyor. For example, Question Itsishe ceramic filter installed in the
unit?” For this type of question, the response weasrded based on observation, without
consulting the household.

3.1.1 Filter Use Survey Results

The first 7 questions on the baseline survey pettafilter use. Many of these questions
were answered with yes/no responses, which weredbwpiled numerically (and by
percentage) into one table.
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Table 15: Yes/No Responses for Baseline Survey EiltUse

# Question Kalariga Kakpagyili Total
Yes No Yes No Yes No
1 | Is the ceramic filter installed in the unit? | 24/24 0/24 35/35 0/35 59/59 0/59
a 100% 0% 100% 0% 100% 0%
1 Is the filter covered with a lid? 24/24 0/24 35/35 0/35 59/59 0/59
b 100% 0% 100% 0% 100% 0%
3 | Is your filter working? 24/24 0/24 35/35 | 0/35 59/59 0/59
100% 0% 100% 0% 100% 0%
5 | Do you ever drink unfiltered water? 3/24 21/24 4/35 31/35 7/59 52/59
13% 88% 11% 89% 12% 88%
6 | Do you filter this (cooking/washing
b | hands/dishes) water? 1/24 23/24 0/35 35/35| 58/59 1/59
4% 96% 0% 100% | 98% 2%
6 | Does the (cooking/washing 22/24 2/24 32/35 3/35 54/59 5/59
c | hands/dishes) water appear turbid? 92% 8% 91% 9% 92% 8%
6 | Is the water being stored in a covered
d | container? 2124 22/24 3/35 32/35 5/59 54/59
8% 92% 9% 91% 8% 92%

Questions la, 1b, and 3 were asked to ensurei@iouseholds were appropriately
using functional filters. Of the 59 householdsveyed, all were using functional filters.
Question 5 asks if the households ever drink wnédl water. A small percentage (12%)
answered no to this question. Each of those haldeimdicated that the reason they
drink unfiltered water is because tkesimfilter is too slow to provide sufficient

drinking water. Finally, Questions 6b, 6¢, andae subsets of Question 6, which asks,
“Can you show me the water that you use for codlraghing hands/dishes?” Therefore,
these questions are referring to that cooking/washands/dishes water. In Question 6c,
the surveyor observes whether or not the water fsazboking/washing hands/dishes
appears turbid. For 54 of the 59 households, #temappeared turbid and was likely
dugout water. However, of those five households didn’t have turbid water, four use
piped water and the fifth purchases treated watieich is then stored in a tank.

Question 1c from the baseline survey is about hawhmwater was in thKosimplastic
storage receptacle at the time of the baselineegur®n the 50 L storage receptacles
(which are sold and distributed with tKesimfilter), there are 5 L marks along one side.
These marks were used to approximate the volumeatdr in the vessel at the time of
the survey.
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Question LC: Volume of Filtered Water in Kosim at Baseline
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Figure 19: Volume of filtered water in Kosim receptacle at time of baseline survey.
*Line at 30L indicates the point to where the bottof the ceramic filter extends into the storageepgacle

Several households were observed to be usingdkanfilter inappropriately by filling

the filter to a point beyond its capacity. In thémuseholds, the water level of filtered
water surrounded the ceramic pot, so that therewadsr above the level of the bottom
of the filter (i.e. water inside and outside th&)pd-igure 20 shows the point to which the
ceramic pot extends into the storage receptadéehdse households, the water level had
exceeded this 30 L point.

Figure 20: Point to which ceramic pot extends int@torage receptacle.
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Of the three households that had filtered watewalibe 30 L limit, two had removed the
ceramic filter from the storage receptacle. ThHepohousehold kept the ceramic filter in
the storage receptacle, and continued to filteetiaGiven that gravity is the driving
force in theKosimfilter system, the filtered water inside the sgwaeceptacle was at the
same water level as the unfiltered water in tharoge filter (to maintain equilibrium).

The average amount of water in tesimstorage receptacle from the households
surveyed in Kalariga was 3.9 L, with a standardaten of 3.8 L. In Kakpagyili, there
was an average of 10.1 L, with a standard deviaiféh8 L. The two communities
combined had an average volume of 7.2 L, with ad#ted deviation of 7.6 L. This data
is relevant as 20 L of water are required in otdedose with Aquatabs.

Questions 2 and 6a from the “filter use” sectionhaf baseline survey concern where the
water for different household purposes comes frdime three different sources amongst
the survey respondents were dugouts, piped wapgiysitand vended tanker truck water.
Water source selection was fairly consistent amodiyidual respondents (i.e.
households in this study tend to use the same sorather than using a combination of
sources), which is largely a function of locati@mieenience and wealth.

Water Sources
60
<
S 50 4 @ H20 for Filtering
5 m H20 for Other Purposes
n 40 -
>
o
I 30
©
5 20
£
S 10
& —
0 T T
dugout piped tanker truck
Water Source

Figure 21: Water sources for all households survege The blue columns indicate the
number of households that use a particular sourceof Kosim filtering. The red columns
indicate the number of households that use a partidar source for cooking/washing
hands/dishes.

! Household #47 water sample from Hsimstorage receptacle at baseline: turbidity=<5 TO=<100
CFU/100mL, EC=<100 CFU/100mL
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Dugouts have been explained previously. Pipedmsitgater that is treated by the
private consortium that is the Ghana Water Compady(GWCL) and is distributed to
various communities by underground pipeShe GWCL supplies water to 59% of urban
areas in Ghana (Okioga, 2007). In Northern RedBirgna, this water source is often
unreliable. Itis only available at certain timasd it is completely unavailable at a
certain point in the later part of the dry seaddarch, April, May). In Tamale, it costs
GHC 0.478/m”3 of water. Tank water is also tredtgthe GSCL and made available to
local entrepreneurs who have trucks or tractosp({died below) to haul it. In Tamale, it
costs GHC 2.942/m"3 of water.

.

w

Figure 22: Tractor delivering treated tank Wter.

The breakdown of water sources by community isesgmted in the following table.

Table 16: Water Sources for Different Household Pysoses

# Question Kalariga Kakpagyili Total
Water Source D pb T | D P T D P T
# # # | # | # # # # #
2 | From where do you collect 24 0 0] 32 2 1 56 2 1

your water (for Kosin)?
6a | Where does this water
(Cooking/cleaning 22 2 0 32 2 1 54 4 1
hands/dishes) come from?
a — Dugout

b — Piped

¢ — Vendor Tanker Truck

! Piped water in Tamale is originally taken from Waite Volta River. It is treated by the GWCL het
Dalun Water Treatment Plant, which is 35 km nortsivef Tamale (Okioga, 2007). The water treatment
processes involved are coagulation, flocculatiedjrmentation, filtration, and disinfection. Oncedated,
20,000 ni/day is sent to 65% of Tamale.
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These responses show that in both Kalariga and &pkip households overwhelmingly
obtained both their drinking and their cooking/clew water from dugouts.

Question 4 inquires how long the households hadelar filters. This data varies for
the two communities surveyed.

Table 17: Length of Times Households Have Been Ugjithe Kosim Filters

# Question Kalariga Kakpagyili
Time 8 mo, 1yr, 1 yr, 4 mo 2yr 3 mo
# # # # #
4 When did you purchase your 5 16 2 1 35
filter?

All of the survey respondents from Kakpagyili rees their filters 3 months prior to the
baseline survey. In fact, at the time of the syirvgin January, 2008, many of the
households were still paying for their filters osaies of credit installments. While the
survey respondents from Kalariga provided varyingveers as to the length of time they
had been using theitosimfilter, all of the Kalariga households receiveditHilters in
January, 2007, one year prior to the follow-uptyiBia, 2007).

Finally, Question 7 asked the survey respondenisrhany times they added water to
their filter per week. Respondents that indicdted they continually add water—or add
water every day—to thelKosimfilter were recorded as adding water 7 times paeky

Question 7: Frequency of Water Addition to Kosim Filter

Kalariga Kakpagyili

Times Per Week
D

0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

1 3 5 7 91113151719 21232527 29 31 3335 3739 41 43 45 47 49 51 53 55 57 59

Household Number

Figure 23: Frequency with which water is added tohe Kosim filter.
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In Kalariga, the average household fills théasimfilter 3.3 times per week, with a
standard deviation of 1.6. In contrast, househmld&kpagyili fill their filters 2.6 times
per week, with a standard deviation of 1.1. Tk®&utts in a total average of 2.9 times per
week, with a standard deviation of 1.4.

This information is important—similar to Questioa: olume of filtered water iKosim
at baseline—because it relates to the time needddse with Aquatabs. As previously
discussed, the appropriate dosing protocol is abket for 20 L of water. Given that the
ceramic portion of th&osimfilter is approximately 8-8.5 L, it requires 248ihgs in
order to acquire a sufficient amount of water ia storage receptacle. If most
households only fill their filters 2-3 times per&ke then most households will only be
able to treat approximately 20 L per week.

3.1.2 Filter Maintenance Survey Results

Questions 8-11 concern the maintenance of thedilt8pecifically, Question 8 asks,
“When was the last time you cleaned your filter atatage unit?”

Question 8: Last Time Filters Were Cleaned

Kalariga Kakpagyili

Last Time Filters Cleaned (days)

0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

1 3 5 7 91113151719 21232527 29 31 3335 3739 41 43 45 47 49 51 53 55 57 59

Household Number

Figure 24: Last time household respondents cleandbeir filters.

In Figure 24 values of 0 indicate that the filter was cleanadhe same day as the survey.
However, household #55 was not using the filtehattime of the visit. The purpose of
the study was explained to this household, whieim ihdicated that they would begin
using their filter if they could participate in tkeudy.
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In Kalariga, the average household last cleandadfilier 2.7 days previously, with a
standard deviation of 1.5. In Kakpagyili, the agg and standard deviation are 2.8 and
1.7 days, respectively. The average and standa#idttbn for all respondents is 2.8 and
1.7 days. Additionally, 45 of the 59 householti8%) cleaned their filters within three
days prior to the time of the survey.

Questions 9, 9a, 10, 11a, 11b, and 11c are yeskestiqns. Because the responses did

not vary significantly among the two communitieslyathe total results have been
tabulated.

Table 18: Yes/No Responses for Baseline Survey M&nance

# Question Total

Yes No

9 Did the sales person give you materials to | 59/59=100% 0/59=0%
explain how to clean the filter?
9 If yes, can you please show me these 57/59=97% 2/59=3%
materials?
10 Did this person come to your house and | 59/59=100% 0/59=0%
show you how to clean the filter?

11 Do they use the provided brush? 57/59=97% 2/59=3%
A

11 Did they clean the storage unit? 59/59=100% 0/59=0%
B

11 Did they use soap and filtered water to 59/59=100% 0/59=0%
C clean the storage unit?

Nearly the entire yes/no responses in this segtieEne consistent. The only discrepancies
were amongst responses from two households inigalawho did not have brushes. As
a result, they were unable to show the materiasttiey used for cleaning, and they did
not use the brush in demonstrating how they cleémadfilters. Brushes were supplied
to these two households to ensure consistent sasiyts.

3.1.3 Kosim Filter Perception Survey Results

The final 12-16 questions relate to the househeldgption of th&osimfilter.
Questions 12, 13, 14, 15, and 15b are yes/no quessti
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Table 19: Yes/No Responses for Baseline Survey Pegption

# Question Kalariga Kakpagyili Total
Yes No Yes No Yes No

12 | Do you like the 24/24 0/24 35/35 0/35 59/59 0/59
taste of the filtered 100% 0% 100% 0% 100% 0%
water?

13 | TIs the filter easy to 21/24 3/24 30/35 5/35 51/59 8/59
use? 88% 13% 86% 14% 86% 14%

14 | Have you had any 5/24 19/24 0/35 35/35 5/59 54/59
problems with the 21% 79% 0% 100% 14% 86%
filter breaking?

15 | Before you got the 24/24 0/24 35/35 0/35 59/59 0/59
filter, did you treat 100% 0% 100% 0% 100% 0%
the water at all?

15 | Did that work 24/24 0/24 35/35 0/35 59/59 0/59

b | (ptevious 100% 0% 100% 0% 100% 0%
treatment)?

In Question 13, when the survey respondents wdseddagthe filter is easy to use, 14%
indicated that it is not because it is too slowartkermore, the percentage of people who
felt that way was consistent among the two comnmesigurveyed. 13% of people in
Kalariga felt that the filters were too slow andd.4f people from Kakpagyili.
Additionally, only five people had problems witkethfilter breaking, and all five of

those people were from Kalariga. Two householdsdnacked storage receptacles. One
receptacle was cracked on the bottom, and anotagicvacked around the hole for the
tap. Another household had a cracked lid, anal@acked ceramic filter and the fifth
had a broken tap. All of these breakages occunr&lariga, who had their filters four
times as long as the people from Kakpagyili.

In Question 15, when the respondents were askexfol8 you got th&osimfilter, did

you treat the water at all?” every household indiddahat they did. This is because of the
Guinea Worm Eradication Program in Tamale. Thisaitive distributed free cloth

filters to every household. Of the 59 householdseyed, all 59 previously used the
cloth filter and 4 of the 59 households previousded alum in addition to the cloth filter
to treat their water. Three of these householdg weKalariga, and one in Kakpagyili.
Furthermore, in Question 15b the respondents wskedsif their previous treatment
method “worked”. Every one of the households iatkd that their previous treatment
method worked, however 7 (3 in Kalariga and 4 ikp&agyili) of the households
indicated—without being prompted—that it was “nstgmod” as th&osimfilter.

Question 16 (the last question) asked, “When wadatst time someone in your house

had diarrhea?” Of the 59 households surveyedplidemember the last time someone
had diarrhea.
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Table 20: Diarrhea History of Households Surveyed

Community | Household Last Time Age of
# Someone Had Person with
Diarrhea Diarrhea
Kalariga 5 Yesterday 15
Kalariga 6 1wk 2
Kalariga 7 2 mo 50
Kalariga 15 2wk 30
Kalariga 23 1wk 45
Kakpagyili 25 1 mo 40
Kakpagyili 26 6 mo 50
Kakpagyili 27 5 mo 40
Kakpagyili 28 3 mo 2X40, 2X10
Kakpagyili 29 1 mo 5
Kakpagyili 31 2 wk 4
Kakpagyili 49 1wk 2X40, 1X5
Kakpagyili 55 1wk 7
Kakpagyili 59 3 wk 4

3.2 Follow-up Survey Results
The follow-up survey consists of 8 questions, @hbich are yes/no type questions.

There was no variation in responses between tloar2neinities surveyed, so the results
were combined.

Table 21: Yes/No Responses to Follow-up Survey

# Question Total
Yes No
1 | Did you use the provided 59/59 0/59
Aquatabs to treat your watet? 100% 0%
3 | Did the Aquatabs improve the 59/59 0/59
taste of the water? 100% 0%
4 | Are the Aquatabs easy to use? 59/59 0/59
100% 0%
5 | Have you had any problems 0/59 59/59
using the Aquatabs? 0% 100%
7 | Would you recommend the use 59/59 0/59
of Aquatabs to others? 100% 0%
8 | Has anyone in your household 0/59 59/59
had diarrhea recently? 0% 100%

These results will be explained further in thedaling sections.
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3.2.1 Filter and Aquatabs Use Survey Results

A subset of Question 1 (“Did you use the provideglatabs to treat your water?”) was
Question 1b, an observational question relatingow much water was in the jerry can at
the time of the visit. This question combined w@lbestion 2, “How many times in the
past week have you used Aquatabs?” gives an indicas to how much chlorine
disinfected water each household consumed in tlek Wwetween the baseline survey and
the follow-up survey.

Questions 1b and 2: Numerical Use of Aquatabs in One Week
25 O Volume of Water in Jerry Can (L)

8 B Number of Aquatabs Used
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Figure 25: Use of Aquatabs over one week. The bleelumns represent the amount of
water in the jerry cans at the time of the follow-y visit. The red columns indicate the
number (either 1 or 2) of Aquatabs used.

From Figure 25, it is clear that Household #1 comsa no treated water in the week
between the baseline survey and the follow-up survéis is because they used only
one Aquatab and had 20 L of treated water availableerefore, no water was consumed.
This is contrasted with Household #37, which useal Aquatabs and had only 8 L of
water in their jerry can. This indicates that ghésticular household dosed 20 L of water,
consumed all of that treated water, dosed an auditi20 L of water, and consumed 12 L
of that treated water. Therefore, this householtsamed 32 L of water compared to the
0 L of water consumed by Household #1.
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Furthermore, no household used more than two Abeatathe week between the
baseline survey and the follow-up survey. At tisage rate, 104 Aquatabs would be
sufficient for one household for an entire year.

3.2.2 Filter and Aquatabs Perception Survey Results

All 59 of the 59 households surveyed answered “yd#n asked if the Aquatabs
“improved the taste of the water”. In fact, fomuseholds in Kakpagyili indicated that
the chlorinated water tasted like “pure water”.uf®water” is the local term for highly
treated and expensive form of water sold in 500ha&t sealed, plastic bags. Itis
roughly equivalent to bottled water brands. Furtiwe, every household said that they
would recommend Aquatabs to others. In fact, ameey respondent said that she had
just recommended Aquatabs to her friend that saaye d

However, while every household indicated that tlggi@abs were easy to use, and that
they had never experienced problems using AqudsaiesTable 21), a number of
households revealed displeasure with the prodDae woman in Kalariga said that she
was “not comfortable when she took (consumed) Agpgt Another man in Kalariga
claimed that a recently developed hernia was cabogélde Aquatabs. He also said that
the Aquatabs turned his urine more yellow. Finadlye woman in Kakpagyili said that
she had experienced stomach aches as a resutingf fequatabs.

3.2.3 Cost of Aquatabs Survey Results

As mentioned earlier, Medentech charges GHC 3@0rAquatabs. This is nearly the
equivalent of US $3. As part of the follow-up seyyQuestion 6 was asked, “Would you
spend GHC 3 for 100 Aquatabs?” If the respondsaits “no”, then Question 6b was
asked, “What do you think a fair price for 100 Atplss is?” This question is important
in determining whether this product can be solehatket value, and thus how
sustainable of a technology it is.

The response between the two communities was da#igtdifferent. In the poorer

community of Kalariga, only 6 of the 24 househd25%) indicated that they were
willing to pay GHC 3 for 100 Aquatabs.
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Question 6: Amount Households Willing to Pay for 100
Aguatabs, Kalariga

1.5

Cost (GHC)

) i

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Household Number

Figure 26: Amount Kalariga community members willing to pay for 100 Aquatabs.

The average amount that community members in Kgdasiere willing to pay was GHC
1.8 for 100 Aquatabs, with a standard deviatio®GBIC 0.9. These results are strongly
contrasted with the response from the lower midtdes community of Kakpagyili. In
Kakpagyili, 33 of the 35 households (94%) expresgiithgness to pay the full GHC 3.
Of the two households who were unwilling, one sstgeg GHC 2 and the other GHC 1.

3.3 Kalariga and Kakpagyili Household Profiles from Survey Results

Based on all the surveyed responses from the tworzmities, Kalariga and Kakpagyili,
the following profiles of the “typical” survey regpdent can be derived.

Table 22: Household Profiles For Kalariga and Kakpayili from Survey Results

| Question | Kalariga | Kakpagyili
Baseline Survey
1 Can you show me the water you use for drinking?
a Is the ceramic filter installed in the unit? yes yes
b Is the filter covered with a lid? yes yes
c How much water is in the receptacle? (L) 4 10
2 From where do you collect your water? dugout dugout
3 Is your filter working? yes yes
4 When did you purchase your filter? 1yr 3 months
5 Do you ever drink unfiltered water? no no
a If yes, why?
6 Can you show me the water you use for
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cooking/cleaning/doing dishes?

a Where does this water come from? dugout dugout
b Do you filter this water? yes yes
c Does the water appear turbid? yes yes
d Is the water being stored in a covered container? no no
7 How many times per week do you add water to the filter? 3.3 2.6
8 When was the last time you cleaned the filter? (days) 2.7 2.8
Did the sales person give you materials to explain how to
9 clean the filter? yes yes
a If yes, can you please show me these materials? yes yes
Did this person come to your house and show you how to
10 clean the filter? yes yes
11 Can you act our for me how you clean the filter?
a Do they use the provided brush? yes yes
b Did they clean the storage unit? yes yes
Did they use soap and filtered water to clean the storage
c unit? yes yes
12 Do you like the taste of filtered water? yes yes
13 Is the filter easy to use? yes yes
14 Have you had any problems with the filter breaking? no no
a If yes, can you show me what the problem is/was?
15 Before you got the filter, did you treat the water at all? yes yes
a If so, how? cloth cloth
b Did that work? yes yes
When was the last time someone in your house had
16 diarrhea? ? ?
a How old was this person? (yrs)
Follow-up Survey
Did you use the provided Aquatabs to treat your drinking
1 water? yes yes
a If no, why not?
b How much water in Jerry Can? (L) 12.5 14.3
How many times in the past week have you used the
2 Aquatabs 1.2 1.2
3 Did the Aquatabs improve the taste of the water? yes yes
4 Are the Aquatabs easy to use? yes yes
5 Have you had any problems using the Aquatabs? no no
6 Would you spend 3GHC for 100 Aquatabs? no yes
a If no, what do you think a fair price for 100 Aquatabs is? 1.4
7 Would you recommend the use of Aquatabs to others? yes yes
8 Has anyone in your houschold had diarrhea recently? no no
a If yes, how old?
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3.4 Water Quality Results

The complete household-by-household water quadgyesults are included in Appendix
G. Households in this thesis are referred to aséloold #'s 1-59, where household #'s
1-24 are the 24 households in Kalariga and houdetisl25-59 are the 35 households in
Kakpagyili.

With this treatment system, for households thaecblwater from dugouts, there are four
stages in the water treatment process. The $itste origin of the water in the dugouts.
Households collect this water in metal/plastic iskcontainers and store it in their
households in large, ceramic, pre-treatment, seovagsels. Each household has
roughly 2-5 of these vessels, from which wateakeh and added to ti@simfilter.
Afterwards, the filtered water is emptied into &L jerry cans and dosed with
Aquatabs.

As mentioned previously, in this section <5 TU averaged and presented in graphs as

2.5 TU. Furthermore, TC and EC values of <100 BOML are averaged and
presented in graphs as 50 CFU/100mL.

Dugout Pre-Treatment, Stored Water

Turbidity TC n | Turbidity TC EC

(NU) |(CFU/100mL)|{CFU/100mL) (NU)j | (CFU/100mL)|{CFU/100mL)
Kalariga | 1| 400 6200 &7 Kalariga | 1| 150 = 5000 100
KakDiaml | 1 400 11,000 | =100 Fakpagyili | 2 200 G,000 | =100
KakTiam?2 | 1 1200 23,000 1,000 Total 3 150 5700 a7

Post-Filtered Post-Aquatabs

o | Tubigity | TC

EC n | Turbidity TC EC

(NU) | (CFU/100mL)| (CFU/100mL}) (NU) | (CFU/100mL)| (CFU/100mL})
Kalariga |24 16 | 2300 a1 Kalariga |24 11| z000 | <100
Kakpagyili | 35 17 2900 40 Kakpagyili | 35 e | 500 | 110
Total |59 16 2,600 40 Total |59 27 1,300 86

Figure 27: Summary of averaged water quality testig results.
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Figure 27 displays the primary water quality testults in the four stages of the water
treatment process: from the source at the dugolbiging stored in pre-treatment ceramic
vessels, after the water has been filtered throlngKosimfilter and after the water has
been dosed with Aquatabs. The number column {#nitf) each of the four sets of data
indicates the number of tests taken for that dettansthat particular community. There
are only one or several data points for the dugadtpre-treatment stored water. The
focus of the author’s water quality testing wastbet-filtering and post-Aquatabs water
samples from the 59 houesholds surveyed.

The averaged turbidity results also include twodsbwlds that used piped water supply
and one household that purchases vendor tankérwrater, all three of which had no
turbidity in the pre-treatment, stored samplesggheousehold’s water quality results are
only included in the “after filtering” and “afterquatabs” sections of Figure 27). The
three dams used by Kalariga and Kakpagyili arelighrbid and microbially
contaminated. Kalariga Dam had a turbidity of 400 a TC value of 6,200
CFU/100mL, and an EC value of 400 CFU/100mL. &kpagyili, KakDaml1 and
KakDam2 had turbidity values of 400 TU and 1,200 Té$pectively. KakDam1 has a
TC value of 1,100 CFU/100mL and an EC value of <CHW/100mL. KakDam2 has a
TC value of 23,000 CFU/100mL and an EC value 00@,GFU/100mL. Both of these
microbial results are based on one 3M Petrififrtest per dugout.

The pre-treatment, stored water quality test redutim dugouts are based on three
samples, one from Kalariga and two from Kakpagyihile performing field work,
various pre-treatment stored water samples wesntk comparison with the dugouts,
as shown in Table 23.

Table 23: Pre-Treatment Stored Water Quality Test Rsults

Household | Community Water Turbidity TC EC
# Source (TU) (CFU/100mL) | (CFU/100mL)
20 Kalariga Dugout 150 5,000 100
29 Kakpagyili Dugout 400 8,000 <100
48 Kakpagyili Piped <5 2,000 <100
50 Kakpagyili Dugout* <5 4,000 <100
52 Kakpagyili Tanker <5 12,000 <100
Truck

*Pre-treatment stored water was treated with aluhich explains low turbidity

The reason that the pre-treatment, stored water frousehold #50 has such a low
turbidity coming from a dugout is because this letwadd uses alum prior to filtering, to
settle out particulates. In this household’s peatiment storage vessel, the water was
clear, and there was a pile of settled particulateébe bottom. Furthermore, only the
pre-treatment test results from households 20a28,50 are included in Figure 27, in
order to compare the water quality of the varidages of treatment for the dugout water
alone. One cannot draw decisive conclusions baged such a small sample size.
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The following figures show the averaged water dyaésults from all households

sampled.
@ Turbidity (TU)
m TC (CFUM0OML) Stages of Water Treatment, Total
0 EC (CFU/100mL) %Red, LRV: %Red, LRV: %Red, LRV:
Turb.: 72, 0.56 Turb.: 91, 1.06 Turb.: -69, -0.23
100000 TC: 58, 0.37 TC: 54, 0.33 TC: 50, 0.30 [
EC: 82, 0.75 EC: 10, 0.05 EC: -43, -0.16
8 10000 A
=
g
S, 1000 -
©
& 100 -
(S
g 10 -
1
Dugout Pre-Treatment After Filtering After Aquatabs
Stored Water
n=3 n=3 n=59 n=59

Figure 28: Average water quality data at various stges of treatment for all data in both
communities. The bars depict values of the threeater quality parameters (turbidity, TC,
EC). The “%Red, LRV” boxes indicate the percent reluctions and log removal from stage-

to-stage, rather than from dugout-to-stage. “Turb! refers to turbidity.
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% Reductions from Dugout to Each Stage m Turbidity @ TC mEC

100

70 |

60 +

50 +

% Reductions

20 +

10 +

Dugout-->Pre-Treatment Dugout-->After Filtering Dugout--->After Aquatabs
Stored Water

Dugout to Stage

Figure 29: The bars depict % reductions from dugoutto stage for pre-treatment stored
water, after filtering, and after Aquatabs stages.

LRV from Dugout to Each Stage | = Turbidity ——TC —8—EC

1.80
1.60 +
1.40 +
1.20 +
1.00 +
0.80 +

-
0.60 + /

0.40 +

Log Removal

0.20 +

0.00 1 1
Dugout-->Pre-Treatment Dugout-->After Filtering Dugout--->After Aquatabs
Stored Water

Dugout to Stage

Figure 30: The lines depict log removal from dugouto stage for pre-treatment stored water,
after filtering, and after Aquatabs stages.
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The following figures show the averaged water dyalalues for each community.

@ Turbidity (TU) .
= TC (CFU/L00ML) Stages of Water Treatment, Kalariga
O EC (CFU/100mL)
%Red, LRV: %Red, LRV: %Red, LRV:
100000 Turb.: 63, 0.43 Turb.: 89, 0.95 . Turb.: 35, 0.19 |
TC: 19, 0.09 TC: 56, 0.36 TC: 7, 0.03
EC: -49, -0.17 EC: 39, 0.21 EC: 18, 0.09
" 10000 -
)
>
<
> 1000 -
2
E
& 100 -
g
‘;" 10 -
1
Dugout Pre-Treatment After Filtering After Aquatabs
Stored Water
n=1 n=1 n=24 n=24

Figure 31: Kalariga water quality data at various sages of treatment.

B Turbidity (TU)
B TC (CFU/100mL)
0O EC (CFU/100mL)

Stages of Water Treatment, Kakpagyili

%Red, LRV: %Red, LRV: %Red, LRV:
100000 Turb.: 75,0.60 [ | Turb.: 92,1.10 | | Turb.: -138, -0.38 |
TC: 65, 0.45 TC: 52, 0.32 TC: 70, 0.52
EC: 90, 1.02 EC: -20, -0.08 EC: -83, -0.26
0 10000 -
8}
=
©
> 1000 -
n)
T
8, 100 -
(3
g 10 1
1
Dugout Pre-Treatment After Filtering After Aquatabs
Stored Water
n=2 n=2 n=35 n=35

Figure 32: Kakpagyili water quality data at various stages of treatment.
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It is noteworthy that the turbidity test resultdicate a decrease of 72% (63% and 75%
for Kalariga and Kakpagyili, respectively) from tdagout to the pre-treatment storage
vessel. This decrease is likely due to the nasetling of particulates (aided in
household #50 by the application of alum). Additithy, there are 19% and 65%
reductions in TC concentration from the dugoutthtopre-treatment storage vessels in
Kalariga and Kakpagyili, respectively. This isigngficant reduction, which shows the
wisdom of simple, indigenous, household water mamamnt practices.

The water quality data from the filtered-only anaim the filtered and chlorine
disinfected water will be presented more thoroughlghe following sections. However,
from the pre-treatment, stored water to the fildleoaly water; there are 91%, 54%, and
10% reductions in turbidity, TC, and EC respectiveFurthermore, from the filtered-
only water to the filtered and chlorine disinfectealter, the TC count is reduced by 50%,
while the turbidity and EC values increase by 69% 43%, respectively. These
increases are unexpected because the Aquatabsare to disinfect the water.
Nevertheless, this will be discussed further inftil®wing sections.

3.4.1 Turbidity Test Results

Turbidity was tested to determine if tdesimfilters were effectively removing the
suspended particulates from the water sourcesle8sribed previously, bacteria in the
water sources has a tendency to bind to the susdeyatticles, which interferes with the
chlorination process. The turbidity of the treatester was measured during the baseline
survey (filtered-only) and the follow-up surveyitgred and chlorine disinfected). Using
a turbidity tube, the lowest possible turbiditydiay is <5 TU. These values are
displayed in the following graphs as 2.5 TU.
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Turbidity Values During Baseline and Follow-up in Kalariga

300

o Filtered-only
m Filtered+Aquatabs
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Figure 33: Turbidity test results during baseline ad post-intervention in Kalariga.

For the filtered-only water, 21 of the 24 housebd88%) in Kalariga had a turbidity
value <5 TU. Of the three households >5 TU, twadaholds had a turbidity value of 10
TU and the third had a turbidity value of 300 TBor the filtered and chlorine
disinfected water, 22 of the 24 households (92%)ahturbidity value <5 TU. Between
the two households with a turbidity value >5 TUedrad a turbidity value of 18 TU and
the other 200 TU. Furthermore, these two housshokte not the same as any of the
three filtered-only households that had a turbic#yTU.
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Turbidity Values During Baseline and Follow-up in Kakpagyili
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Figure 34: Turbidity test results during baseline ad post-intervention in Kalariga.

For the filtered-only water in Kakpagyili, 33 ofetl85 households (94%) had a turbidity
value <5 TU. The two households >5 TU had vald€00 and 300 TU. For the filtered
and chlorine disinfected water in Kakpagyili, 273&f households (77%) had turbidity
values <5 TU. The eight households >5 TU had wabid 0, 25, 60, 150, 200 and 300
(twice) TU. Similar to Kalariga, none of the twitidred only households >5 TU were
the same as any of the eight filtered and chladisafected households >5 TU.

3.4.2 Microbial Test Results

Microbial tests were performed on each householthduhe baseline survey and follow-
up survey, in order to compare the microbial comartion of filtered water with filtered
water dosed with Aquatabs. Results are report€Hd/100mL (i.e. the number of
colony-forming units in 100 mL of water sample)s discussed previously, using 3M
Petriflm™ testing materials, even when no colorases detectable on the incubated plate,
the lowest possible measurement for TC and EC oongdion is <100 CFU/100mL. In
the graphs in this section, values of <100 CFU/1I0@ne reported as 50 CFU/100mL.
Additionally, for all averaged microbial valuesthis thesis, measurements of <100
CFU/100mL were treated as 50 CFU/100mL.
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TC Test Results During Baseline and Follow-up in Kalariga*
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Figure 35: TC test results before (filtered-only) ad after (filtered+Aquatabs) the use of

Aquatabs in Kalariga (log-scale).

*Line at 50 CFU/100mL signifies the measurementhwalues <100 CFU/100mL

TC Test Results During Baseline and Follow-up in Kakpagyili*
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Figure 36: TC test results before (filtered-only) ad after (filtered+Aquatabs) the use of

Aquatabs in log-scale in Kakpagyili (log-scale).

81



*Line at 50 CFU/100mL signifies the measurementhwalues <100 CFU/100mL
Table 24 shows the percentage of households tiatiéereased microbial contamination,

compared with households with increased microlmatamination before and after using
Aquatabs.

Table 24: Decreasing/Increasing TC Contamination Tends amongst Communities Before

and After Using Aquatabs

Community TC Count TC Count TC Count
Decreased Increased Remained the
Same
Kalariga 15/24=63% 3/24=13% 6/24=25%
Kakpagyili 12/35=34% 7/35=20% 16/35=46%
Both 27/59=46% 10/59=17% 22/59=37%

Figure 35, Figure 36 and Table 24 indicate thafltGevalues for individual households
mostly decrease (46%) as a result of using Aquatklosvever, household #11 and #41
had 280% and 925% increases in TC, and househelti7'31, 32, 45, 47, and 58, which
had <100 CFU/100mL TC counts from the filtered onBter, all indicated the presence
of TC in the filtered and chlorine disinfected wat®©n the other hand, 46% of the
households surveyed had decreased TC counts ande37éted the same. And
household #'s 6, 7, 28, 54, and 57, which had Tihtin excess of 5,000 CFU/100mL
after filtration only, were all reduced to <100 CEOOmL after filtration and Aquatabs.

O Filtered-only
Filtered+Aquatabs

EC Test Results During Baseline and Follow-up*

10000

Kalariga Kakpagyili
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o 100 - 0 0 ' .

50

10

10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
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1 4 7

Figure 37: EC test results before (filtered-only) ad after (filtered+Aquatabs) the use of
Aquatabs (log-scale).
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*Line at 50 CFU/100mL signifies the measurementthwalues <100 CFU/100mL, except for household
#28, which had a measured value of 50 CFU/100mL

Figure 37 indicates that while 7 of the 59 housésiatdicated the presence of EC in the
filtered only water, only one household (#31) h&l gntamination in their filtered and
chlorine disinfected water.

Table 25: Number of Households with No Bacterial Catamination (<100 CFU/100mL) at
Time of Baseline Survey and Follow-up Survey

Community Households with No TC Households with No EC
Baseline Post-Intervention Baseline Post-Intervention
Kalariga 5/24=21% 12/24=50% 21/24=88% 24/24=100%
Kakpagyﬂi 21/35=60% 26/35=74% 31/35=89% 34/35=97%
Both 26/59=44% 38/59=64% 52/59=88% 58/59=98%

This data is significant because many househokltshidd a low microbial contamination
during the baseline survey did not indicate baatgniesence during the follow-up survey.
In many ways, this data is more representative @8vanaged microbial concentrations.
This is because with averaged data, householdsmiitbr (yet significant) reductions

are not as highly represented. For example, ddhedollow-up survey only one
household showed the presence of EC. Howeverubedhis one household had a high
EC count, the average EC count after using AquaiabB the households surveyed
actually increased. Furthermore, in Figure 35 bbokl #11 had an increase in TC count
from 11,100 CFU/100mL to 42,000 CFU/100mL. Thisrease is significant; however,

it is much more significant when it is averaged am®C counts from other households
on the order of 50-5,000 CFU/100mL.

Table 26: Averaged Bacterial Indicator Test Results

TC (CFU/100mL) EC (CFU/100mL)
Community | Filtered- | Filtered+ % Log Filtered- Filtered+
only Aquatabs | Reduction | Removal only Aquatabs
Kalariga 2,200 2,039 7 0.04 61 50
Kakpagyili 2,900 874 70 0.52 60 110
Total 2,635 1,328 50 0.30 60 86

Table 26 represents an average baseline (filtemed post-intervention
(Filtered+Aquatabs) TC concentration among alhef households in Kalariga,
Kakpagyili, and the total of both communities.

Table 27: Median TC Test Results During Baselineral Post-Intervention

TC (CFU/100mL)
Community Filtered-only Filtered+Aquatabs
Kalariga 500 <100
Kakpagyili <100 <100
Total 200 <100
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The median TC value in Kalariga for the filteredyowater was 500 CFU/100mL,
whereas the median TC value in Kakpagyili was <C6Q/100mL. Furthermore, the
median TC of all of the samples taken was 200 CBQIfAL for the filtered only water,
and the median TC concentration for both commus)itd the two combined, for the
filtered and chlorine disinfected water was <100JZIO0mL.

3.4.3 Chlorine Residual Test Results

As discussed previously h4.2 Aquatab Tablet Weight and Dosing Requiremémes

FAC level should be no less than 0.2 mg/L 24 haifter Aquatabs have been added to
water. During the follow-up survey, respondentsernsssked when they last dosed their
water. Because the follow-up survey was conduste@n days after the baseline survey,
households had added Aquatabs to their water samgghere from 0-5 days previously
(because data shows that at least two days argedda obtain the full 20 L of water
needed for dosing with Aquatabs).

FAC Levels Amongst Households*
100 ) -
Kalariga Kakpagyili
10 I ! |
<
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E
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Figure 38: FAC levels among households surveyed liog-scale.

*Lines at 0.1 and 0.2 mg/L represent the CDC berarkrfor FAC from random samples and the CDC
minimum for FAC residual 24 hours after dosing pexgively

Figure 38 shows the FAC levels of all of the howde$ surveyed. The three values of

10 mg/L actually represent FAC levels that wereO»ig/L", but were plotted at 10
mg/L for scaling purposes. When the FAC was greasn 10 mg/L, the value was

84



noted as >10 mg/L, and the testing was stoppesl \{tas done to conserve the supply of
reagents used to conduct the FAC test). AdditlgnaP of the 59 households (37%) had
a FAC level of 0 mg/L at the time of the follow-sprvey. Furthermore, 28 of the 59
households (40%) had a FAC residual below the C&Gmmended 0.2 mg/L value 24
hours after testing; however, for many of theseskbolds, it is unclear when the
households last dosed their water, so many of tvaser samples may have been dosed
more than 24 hours previously.

In Liz Blanton’s CDC study, the FAC was reportedfas percentage of samples taken
that were greater than 0.1 mg/L, essentially irtchgea cutoff between chlorine residual
detection and non-detection. In her results tihegr#age of samples greater than 0.1
mg/L ranged from 50-85% (Blanton, 2006). Howeweshould be noted that Blanton’s
research was conducted in a community where ovr &Chouseholds had access to
piped water supply. As a result, among the houdshwith piped water supply, the
water presumably already had a FAC residual pdaahé addition of Aquatabs.

Table 28: Percent of Households with a FAC Residual0.1mg/L at Time of Visit

Community Households with FAC >0.1mg/L at
Time of Visit
Kalariga 15/24=63%
Kakpagyili 23/35=66%
Both 38/59=64%

Table 28 shows that the percentage of householihgsiistudy with a FAC residual
greater than 0.1 mg/L at the time of the visit wathin the range from Blanton’s study.

To better understand the relationship between FA€I$—particularly in households

with 0 mg/L of FAC—and the number of days that e&psed since dosing, many of the
households in Kakpagyili were asked when the waaerbeen dosed with Aquatabs.
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Figure 39: Comparison of FAC levels with time fromlast dose.

In Figure 39, the households that have 0 days frenast dose and a FAC level of 0
mg/L represent households that dosed the samesdayg survey and have no FAC in
their water source. Likewise, household #26 dakedlay before the survey and had a
FAC level of 3.4 mgl/L.

FAC vs. Time from Last Dose
1.4
1.2 -
g 1
o
E 0.8 -
O 0.6 +4
<
L 04 - b
0.2
0 T T hd T
0 1 2 3 4 5
Time from Last Dose (days)

Figure 40: Averaged comparison of FAC levels withitne from last dose.
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From Figure 40, households that had dosed 0, L 52days before the follow-up visit
had a FAC residual in the proper range. This sebtaipon 7, 9, 5, 1 and 2 samples (24
total) for the 0, 1, 2, 3 and 5 days elapsed tier@ops, respectively.

To summarize how the FAC residual affected the ohiad contamination in the post-
intervention samples, the following two plots shibw percentage of households with
decreasing and increasing TC concentrations (foows FAC ranges). The “n=x/y”
values on the x-axes indicate the number of samytéseither a reduced or increased
TC concentration (x) out of the total number of pés with that specific FAC range (y).
The percentages from the two graphs do not suri@&elbecause many of the
household’s TC concentrations remained the sanme lix@seline to follow-up.
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Figure 41: Percent of households that had reducechd increased TC concentrations at
post-intervention for different FAC ranges.

In terms of EC reduction, of the seven househdldsinhdicated the presence of EC in
the filtered-only samples but did not after usinguatabs, the FAC levels were 0.5, 0, 0,
0.8, 2.4, 0, and 1.05 mg/L. This is an average F&\El of 0.68 mg/L, which is only 3%
higher than the average FAC level of 0.66 mg/L (age without three samples
>10mg/L) from all of the samples taken. On thesotand, the only household that had
an increased EC concentration had a FAC levelrogQL.

3.5 Laboratory Tests

Over the course of the three weeks spent in Taradderatory tests were performed to
determine the treatment effectiveness of the coettifiosimand Aquatabs system and to
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assess the flow rate through the ceramic filtengifocal water sources. Two important
variables affecting flow rate are water quality gmdlonged use. Therefore, in order to
better understand the flow rate, the following fflev rate tests should be performed:

New filter, water of high turbidity and microbiabiotamination

New filter, water of high turbidity and low micradicontamination

New filter, water of low turbidity and high micradicontamination

New filter, water of no turbidity and no microb@dntamination—*“clear water”
One year old filter, water of high turbidity andarabial contamination

Al A

Flow rate tests 1-4 determine to what extent tutyoehd microbial contamination have
on flow rate. However, because of time restriciamile in Ghana, only flow tests 1 and
3 were performed. The dugout water closest tdatiging site (Dugoutl-Taha) and the
second closest dugout to the lodging site (Dug@hanasco) were tested on new filters
for flow rate test #1. Vended tanker truck wafiar(ker Truck) was tested on a new
filter for flow rate test #3. Water from the twagbuts was collected in jerry cans on a
bicycle. The vended tanker truck water was avhlabthe household where the
author’s laboratory was set up.

It is also important to understand the relationgiiflow rate with prolonged use.

During filtration, particles and microbes becomebentded in the ceramic filter over time,
impeding the flow of water through the filter. Té&% was performed with dugout water
from the Kalariga Dam, the same dam that is useohleyof the two interviewed
communities.

When the author returned to the US, he was aldedaire three neWosimfilters. With
these filters, which were different units than tissv filters tested in Ghana, he was able
to perform flow test #4.

For each flow rate test performed, the filter wasroughly scrubbed with a brush and
rinsed prior to testing. Afterwards, each filteasfilled to the top of the ceramic pot and
allowed to filter the full contents of the put, hatut topping off. Throughout testing, the
filtered water level was marked on the plasticagerreceptacle at various time intervals.
The markings were then measured with a 100 mL gitaducylinder to determine the
volume of water filtered between markings. Theadaés then used to create
accumulated flow versus time charts.

3.5.1 Flow Rate Tests on New Kosim Filters withyDWater in Ghana

While in Ghana, three nelfosimfilters were set-up, one for each of the three &y
Taha, Dugout2-Ghanasco, and Tanker Truck watercesurThe turbidity values for the
three water sources were 200 NU, 300 NU, and <5fditDugoutl, Dugout2-Ghanasco,
and Tanker Truck waters respectively.
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Flow Rates of New Filters with Dirty Water
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Figure 42: Accumulated flow over time for three newKosim filters with dirty water. The
square diamonds represent dugout water (200 TU), thpink squares represent different
dugout water (300 TU), and the green triangles re@sent clear, tanker truck water (<5 TU).

Over the first hour, the flow rate through the Kodilters was 1.7 L, 0.9 L, and 0.8 L for
Dugoutl-Taha, Dugout2-Ghanasco, and Tanker Truspeaively. During the second
hour, the amount of flow was reduced to 0.8 L, 0atd 0.8L, and during the third hour,
the flow was further reduced to 0.7 L, 0.6L, anslLOrespectively. This exponential
reduction in flow rate over time is displayed imgyiie 40. The water from Dugoutl-Taha
required 42 hours to completely filter through Kmsimfilter, whereas the water from
both Dugout2-Ghanasco and Tanker Truck requireldotirs to completely filter. The
filtered water was also tested for turbidity, T@d&EC, which will be presented in the
following section. Essentially all three filtexsok approximately two days to completely
filter one full ceramic pot of 8.1 L when no addiial water was added to “top up” the
ceramic filtering element.

One shortcoming of this test, realized after olitgjnhe results and discovering that the
flow rate of the Tanker Truck was slower than thgalit water filters, is that a “clean
water” trial (see SectioB.5.3 Flow Rate Test on New Kosim Filters with Glgéater in
US) was not run at the outset to determine a bas#bmein all three filters.

3.5.2 Water Quality Tests on Performance of ConthBystem
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Once all of the water had filtered through the mespectivekosimfilters, additional
water was continually added to each filter, unill2of filtered water was available from
each of the three water sources. At that poirdh @ the three water samples were
emptied into 20 L jerry cans and dosed with Aqusitafter 30 minutes, this water was
tested for turbidity, TC, EC, and FAC.

Laboratory Turbidity Test Results
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Figure 43: Turbidity test results for different stages of treatment in field laboratory.
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Figure 44: TC test results for different stages ofreatment in field laboratory (log-scale).
*Line at 50 CFU/100mL signifies the measurementhwalues <100 CFU/100mL
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Of the three different water sources, the only wasenple that indicated the presence of
TC after chlorine disinfection was the Tanker Trgokirce. Furthermore, none of the
water sources indicated the presence of EC at amy im the testing process. In the
Dugoutl-Taha water, the turbidity and EC were redueselow detection during the
filtration process. In the Dugout2-Ghanasco wdtes turbidity was reduced below
detection during the filtering, but not the TC. wiver, the presence of TC was removed
after dosing the filtered water with Aquatabs.tiHa Tanker Truck water, the presence of
turbidity was removed during filtering, and 43%tloé TC was removed. After
chlorinating, an additional 76% of the TC was resu\but interestingly, 400
CFU/100mL remained in the final water sample.

Table 29: FAC Residual for Laboratory Test Samples

Water Source Dugoutl-Taha Dugout2-Ghanasco Tanker Truck

FAC (mg/L) 0.97 115 0.69

Table 29 shows the FAC residual for these same tiests. All three results fall within
an appropriate range, as prescribed by the CDCeljnes. The FAC tests were
performed 30 minutes after dosing.

3.5.3 Flow Rate Test on New Kosim Filters with @l&dater in US

In order to perform flow test #4, three n&wsimfilters were set-up in Medford,
Massachusetts, where tap water was used for idtrgho turbidity, assumed to have no
microbial contamination). This test was perfornasch baseline case for flow rate
through theKosimfilter (i.e. how does water filter when it is cig&n order to compare
dirty water flow rates with clear water flow rates.
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Flow Rate of New Filters with Clear Water
10
9 |
A
P L
- 8 L 2 [ | 1
z 77 * a A
(@]
L 6 ‘.
© ‘. A
2 54
= L
S 4 A
IS A
S 3¢ A
< o |mA
14 A
0 . T T T T
0 10 20 30 40 50
Time Elapsed (hours)

Figure 45: Accumulated flow over time for three newkosim filters with clear water.

Over the first hour, the flow rate through tResimfilters was 3.1 L, 2.25 L, and 1.36 L
for the three samples. This represents an avélagef 2.24 L/hr for the first hour,
which is nearly double the averaged flow rate efdirty water samples tested with new
filters (1.13 L/hr). Furthermore, it took 27, 3@cB40 hours to completely filter the clear
water samples, whereas it took 42 and 47 hourerttetely filter the dirty water
samples, respectively. Also, it took 42 hoursilterfthe Tanker Truck water, which had
no turbidity and high microbial contamination.

3.5.4 Flow Rate Test on Old Kosim Filter

In order to better understand how use affectsltve fate through th&osimfilter, a new
ceramic filter was exchanged with an old filterrfr@ household in Kalariga. During the
baseline survey, the household that the filter ahanged with complained about how
slow the filter was. From PHW records, this fillkexd been in use for one year and was
treating dugout water as its source supply. Wates gathered in 20 L jerry cans from
the Kalariga dugout (Dugout3-Kalariga, the same@®as was used by the woman from
whom the filter was exchanged) in order to simutagehousehold filtering conditions as
accurately as possible. The flow rate was testélda same fashion as the three, new
Kosimflow rate tests.
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Flow Rate of Old Filter*

Accumulated Flow (L)
N
.

Time (days)

Figure 46: Flow rate of one year old filter.

*1.188 L remained in ceramic pot at end of test

It required 151 hours (6.3 days) to filter 7 L thgh this oldKosimfilter. In comparison,
it required 42 or 47 hours to filter the full conte (roughly 8.1 L) of water of similar
turbidity and microbial contamination through a ni€esimfilter. As noted, there was
1.188 L remaining in the ceramic portion of théefilat the conclusion of the test. This
test had to be stopped due to time restrictiordhana, which is why only 7 L of water
was filtered.

3.5.5 Comparison of Flow Rates

Because the two dirty water sample flows through Kesimfilters display similar
behavior, the hourly flows from these two testsBut1-Taha and Dugout2-Ghanasco)
were averaged for comparison with the flow ratetber water sources. Likewise, the
three clear water sample flows through néwesimfilters were similarly averaged. Table
30 shows these results.
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Table 30: Hourly Flows (Liters) Through Kosim Filters for First 5 Hours of Filtration

Filter Age New New New 1Year Old
Water Clear, No Clear, Turbid, Turbid,
Quality Contamination | Contaminated | Contaminated | Contaminated
Number of 3 1 2 1
Filters
Tested
1* hour 2.24 0.76 1.32 0.23
2" hour 1.19 0.80 0.77 0.16
3" hour 1.00 0.48 0.65 0.15
4™ hour 0.64 0.44 0.53 0.14
5" hour 0.51 0.49 0.46 0.13

Flow Rates Over First 5 Hours of Filtration

M New, Clean

H New, Cortaminated

2 1 New, Turdid anc Centaminated —

m Cld, Turbid and Cantaminated

Flow Rate {L/hr)

1 2 3 q 5

Time {hr)

Figure 47: Flow rates over the first 5 hours of filration time for different water sources and
filters of varying age.

For further comparison, all three of the dirty watamples with newosimfilters were
averaged into one. Even though the Tanker Trudkmeas not dirty with respect to
turbidity, it was microbially contaminated. Thigemaging was done because the flow
behavior of all three of these samples was simildris new set of values, the averaged
clear water samples with nétosimfilters, and the dirty water sample with the old
Kosimfilter are plotted in one figure (Figure 48).
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Figure 48: Flow rates of new filters with clear wagr, new filters with dirty water, and a one
year old filer with dirty water (Dugout3-Kalariga).
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4.0 Discussion of Results

4.1 Survey Results

4.1.1 Survey Biases

The following is a list of factors that potentialigsulted in survey biases concerning the
baseline and follow-up surveys conducted in thislgt{Fowler, 1993):

1. Not enough emphasis with respect to the instrusttbe survey respondents
received

Interpersonal issues concerning demographic clarsiits of interviewer
Problems associated with the free distributionrofipcts

Inappropriate training of interviewers

Differences in stimuli concerning questions asked

Interviewers asking questions too fast

Use of “open” questions

Failure of use of “subjective continuum scale”

. Poorly defined terms

10. Not enough sensitivity to questions with relatiorsocial desirability
11.No data validation

CoNoORr~WDN

These survey biases fall into two areas, the imptgation of the survey (1-6) and the
survey instrument (7-11). The following sectioal®rates on these potential survey
biases in a sequential manner.

Concerning the survey instrument, one of the magrtsomings of this survey was that
survey respondents were not properly instructedamto respond to the survey
guestions. Floyd Fowler’s book entitled “SurveysBarch Methods” stresses the
importance of informing the respondents precisdhatws going to happen and what is
expected of them during the introduction of thedgt(1993). In this study, during the
introduction of the baseline survey, householdsweld about the purpose of the study,
but were not fully and properly educated on evepeat. The survey respondents should
have been informed from the outset that a studytaie combined use of tiksim

filter and Aquatabs was going to be conducted, ttiatwould require a series of
guestions at two distinct times, and that househwiould need to use the combined
system in the week between baseline and followisipsv That way, survey respondents
would know exactly what to expect from the duratadrthe study.

Moreover, the survey respondents should have he#ref educated about the type of
responses requested and the importance of homestlyering the questions. For
example, the survey respondents should be toldstmae questions require the opinion
of the household in their own words, while for athe series of possible answers will be
given from which the survey respondent can choBew/ler, 2003). By introducing the
survey this way, the respondents would be bettgrgred to answer the questions asked.
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And some of the overwhelmingly positive answershhitave been avoided to questions
such as, “Would you recommend the use of Aqua@bshters?”

Because Ghana is a peaceful, English-speakindigadily stable country, which also has
numerous needs with respect to disease, sanitataier quality, etc. a large number of
non-government organizations (NGOSs), typically od3térn origin, work in this area of
the world. As a result, Ghanians—particularly enfale—are accustomed to interacting
with white people. However, these interactionsepbélly create a relationship in which
the Ghanian community members defer to the whitenteers, and automatically accept
their advice or instructions as truth.

Therefore, an area of bias in the survey resultisiésto the fact that Ghanians generally
give answers that they think the surveyor wantsetar, especially if that surveyor is
white. This bias relates to interpersonal relajamhen someone brings obvious
demographic characteristics into an interview. @dmng to a number of Ghanian
natives, people in Ghana generally think that wpéeple are always correct. This
mentality might be due to the fact that Ghaniarrsgiee Westerners as better educated
than Africans.

While not proven scientifically, it is thought blyet author that this issue is further
perpetuated when non-government organizations gedwelp for free. In the case of
Kalariga, theKosimfilters being used by this community were givenffee (see Section
2.2.1 Community Selection StratggyVhile the community members are grateful for
this gift, they also have come to expect furthés at gratitude from people outside of
their community. This expectation was verifiedtba first day working in Kalariga,
when the village volunteer inquired, “How manydits do you want to give me?” While
the community members cannot be faulted for thiatalgy, it is important to consider
this when observing the survey results from thisicmnity. Because these community
members have been given gifts, they are going ®vba more inclined to provide
answers that they think will please people fronsmlé their community—particularly
concerning their fre&osimfilters—in the hope that they will receive mordétgi If these
same people had paid for their filters, as wasaibrthe case in Kakpagyili (where
payments on credit were underway over the previoe® months in Ghana), then they
might feel more entitled to complain about the timwality, durability, effectiveness, etc.
Additionally, now that there was an expectatiofalariga that more gifts might be
provided in the future, the community participanése an incentive to give answers that
will help to further foster a mutually-beneficialationship.

While this dynamic is theoretically less prominanKakpagyili—where filters were
purchased—community members still may have a tenydenprovide answers that they
think the surveyor wants to hear. This has to db the interpersonal relations of the
surveyor and the respondents, with respect todh&a tendency of Ghanians to defer to
Westerners. It is also a potential confoundingdain the follow-up survey. For the
purpose of this study, the Aquatabs were providedrée. This was done to ensure
uniform participation within the communities. Bagcause the Aquatabs were given for
free, the community members likely felt an obligatio respond positively to any
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guestions pertaining to the product. This wouldadky apply to Kalariga as well as to
Kakpagyili.

The responses given during the follow-up surveysuphis theory. When asked, “Are
the Aquatabs easy to use?” and “Would you recomrnifemdse of Aquatabs to others?”
all 59 households said “yes” to both questionsttifermore, when asked, “Have you had
any problems using the Aquatabs?” all 59 househelplsed “no”. These answers are
overwhelmingly positive, however, after furtheralissing the use of Aquatabs with
certain households, it became apparent that they mat as universally pleased with the
product as the survey results indicate. As meetidn Sectior8.2.2 Filter and Aquatabs
Perception Survey Resultiree households (two in Kalariga, one in Kakpggy
indicated that they had experienced specific prablassociated with the Aquatabs. This
suggests that the survey respondents were noglgrftrthright with their responses, and
were likely giving the answers that they assumedstirveyor wanted to hear.

Another area of survey bias has to do with theityuaf the interviewers. Fowler
stresses the importance of properly training therimewers when conducting surveys,
reporting that survey precision can be reduced®8®46 as a result of poor interview
staff (Fowler, 1993). In this case, surveyors wereded to translate questions from
English to Dagbani. As previously mentioned, f@lranians assisted with the survey
implementation: Zach, Chairman, Napps and Tuu-N&a&ile conducting the baseline
and the follow-up surveys, each of these peoplfopaed the translation at various times.
Despite the fact that the author was present fon e&the interviews, the language
barrier prevented the author from discerning thaiguof the translated questions.
Moreover, while Napps was educated about the perpbthe study and about the
significance of particular questions, the othewsyors were not as well-informed.
Therefore, this discrepancy likely led to biasesesponses to particular questions.

Furthermore, as a result of using different surveythe questions were likely not asked
the same way each time. Some of the translatoyshaee been more persistent in
obtaining responses to certain questions. For plamwhen inquiring how much the
community members would be willing to pay for 10Quatabs, there may have been a
difference in how the different translators appfetthat question. Some may have
been more insistent about the community membernsgdlye full GHC 3, while others
may have been less forceful with their inquiriésstly, the speed with which questions
were asked varied among the different interviewétrsvas obvious to the author that
some translators were patient regarding respondelg others were not. This would
greatly affect the quality of the results, as cagtpresponses may not have been given
during rushed surveys. With the language baiities,impossible for the author to know
how much of a factor the use of different transtattad on the survey results.

There were also a number of biases associatedhdtburvey instrument. One issue is
that many questions that should have been “clogadstions (questions with a list of
possible replies) were inappropriately framed g=fd questions (questions where the
respondent answers the question in their own wor@sj}s could have been applied to
guestions regarding water sources, treatment metledcl, which might have resulted in
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more accurate results. When a respondent is rdsppto an open question, they tend to
only provide one answer, when in reality, a nundfeanswers could be provided. This
limits the quality of the results.

Another area where bias may have been introducedwaot using a “subjective
continuum scale”, where a range of possible regggage given for the respondent to
choose from. For example, when asking how soméssis about something, a more
descriptive response is often received if the redpat has a list to choose from (e.g.
excellent, very good, good, fair, poor) (Fowler93R By not employing this strategy,
but rather asking respondents questions such astheiAquatabs improve the taste of
the water?” the thoroughness of the response wited.

The poorly defined terms and social desirabilitysais are relevant because of how they
relate to the diarrheal history of the househoB&s from poorly defined terms relates
to how respondents view questions differently. iSlatesirability relates to questions
which the respondent may not want to report acelydecause they may feel
embarrassed or ashamed as a result of the sottiaecthey live in. By not correcting

for these two factors, the survey results with eespo diarrheal history may have been
biased. These biases will be discussed in fudbtil in later sections.

Lastly, the survey results from this study werevalidated. In standard practice, a
guestion is asked that the interviewer is ablestafy. For example, by first asking, “Are
you using th&kosimfilter?” and then observing if there is water e upper and lower
levels of thekosimfilter. Upon verification that the survey resudt® true to

documented evidence, the data set is considerdtderBecause this was not done, it is
unclear whether the results gathered from the tweeys are entirely accurate.

Suggestions on how to improve the surveys usedisirésearch study are included in the
Section7.1.2 Improvements to Survey Process

4.1.2 Baseline Survey Results

In response to Question 5 from the baseline sufiy you ever drink unfiltered
water?”), only 7 of the 59 respondents indicated they drink unfiltered water.
However, on average these same households fiflfiters only 2.9 times per week.
From the seven flow rate tests performeddosimfilters, a full ceramic filter provides a
volume of 8-8.5 L of filtered water. Using a cerariter volume of 8.1 L, and only
filling the Kosim filter 2.9 times per week, theexage household filters 23.5 L of water
per week, or 3.4 L per day. Additionally, mostieeholds only have one filter per
household, which is typically composed of aboutl#iseople, as discussed previously.

These numbers suggest that each person only hassaoc0.3 L of filtered water per day.
With hot and dry climatic conditions in Northern &fa, it is expected that the average
individual would require more than 0.3 L of water play. The WHO suggests that the
minimum necessary volume of water required perqreper day is 7.5 L for

consumption and food preparation (Howard and Bewt2004). Even though the
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households use other water for food preparatiaretls reason to believe that more than
7 of the 59 households sometimes drink unfilteratew The reason households may not
be entirely truthful about drinking unfiltered watelates to the hypothesis described
previously, that many of the survey respondents beagroviding answers that they think
want to be heard by the survey team, as a restie@fistribution and interpersonal
relations.

Question 1c (“How much water was in the receptdrhas included as an observational
guestion to determine if the households are agtuaihg theilKosimfilters. The

average volume of water in Kalariga and Kakpagyds 3.9 L and 10.1 L, respectively.
This average difference could mean many thingsnaly mean that the people from
Kalariga use their filters more frequently than pge®ple from Kakpagyili. It could also
pertain to differences in filter cleaning habigdditionally, despite the fact that
households in Kalariga had less water during tiseloee, according to the survey results,
they fill their filters more frequently than houséths in Kakpagyili (3.3 times per week,
compared with 2.6 times per week). This might estighat the filters in Kalariga are
more clogged, as a result of use, and thus haleesflow rate, which would explain
why less water was available at baseline.

With respect to Question 4 (“When did you purchasar filter?”), the response in
Kalariga was varied. An important thing to notéhiat many of the household
respondents are uneducated, and thus their anevegraot be precise. As mentioned
earlier, only 13% of people in Northern Region, Gdare literate (GSS, 2003). Further
research by Green indicates that only 19% of pelopl@male area have completed
primary education, while only 3% have completesdary education (Green, 2008).
When the survey respondents were asked how oldwbey, many laughed. Itis
possible that social desirability was a factorhia hature of their responses, but it is
likely that the reason they laughed was becausedidenot know an approximate age.
This creates some uncertainty with regards toehgth of time that the survey
respondents indicated they possessed their filletls,answers varying from eight
months to two years. In reality, community memberkalariga all received their filters
one year prior to the household visits (Dia, 2008).

The fact that many of the rural community membeesumeducated also creates some
uncertainty regarding other questions about tintefesguency. In particular, questions
7, 8, and 16, which relate to how many times pezxlntbe households fill their filters, the
last time the filters were cleaned, and the lasetihat someone in the household had
diarrhea, respectively.

When the survey respondents were asked, “Whenhedast time you cleaned the filter
and storage unit?” 45 of the 59 households inditHtat they had cleaned their filter
within the previous three days. The average answiis question was 2.8 days prior to
the survey, which roughly equates to two timesvpeek if the filters are cleaned once
every three days. During distribution of new fitehouseholds are instructed to clean
the filters whenever the filtration rate drops.isTis done to ensure that the filters do not
get clogged, and are thus functioning with an oglifltow rate. Given that households
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fill their filters an average of 2.9 times per weekich is roughly the same frequency
with which the filters are cleaned, it is reasoedabl assume that the filters are cleaned
each time that they are used. Furthermore, alifi8e respondents were able to
effectively demonstrate the cleaning of their cacafitters and storage receptacles.

Concerning Question 13 from the baseline surveyttie filter easy to use?”), 8 of the 59
respondents (14%) answered “no” to this questidih8 of those respondents indicated
that the reason that it wasn'’t easy to use wasusedis flow rate was too slow.

However, the survey respondents provided this médion about the flow rate without
being prompted. Thus, it is highly possible thet bther community members felt
similarly about the flow rate through thk@simfilter, but did not voice that because the
guestion was not directly related to that aspethefilters. This is a result of asking
“open” questions rather than “closed” questiongjescribed previously.

A similar miscommunication may have occurred wehpect to Question 15, which asks,
“Before you got th&osimfilter, did you treat the water at all?” All 58gpondents
indicated that they did previously treat their wat®wever, the method of treatment is
unclear. All respondents indicated that they ukedGuinea Worm Cloth Filters, while
only 4 of the 59 households (7%) indicated thay thed both the Guinea Worm Cloth
Filters and aluminum sulfate (a.k.a. “alum”, a coomtoagulant in Northern Ghana).
Because the respondents were not asked specifatadiyt alum, it is possible that many
of the respondents may have only been referririgeio cloth filters, even though they
also used alum. This hypothesis is supported &yaétt that 44% of 119 rural
households surveyed in another study in the Nanteector of Ghana indicated that they
used alum (Green, 2008).

A further subset of Question 15 is “Did that (thre\pous treatment method) work?” Al
of the respondents indicated that their previoeigtment method worked. However, the
guestion did not specify what was meant by the waatk”. Most likely, the

community members were referring to the abilityhe# cloth filters to remove the
cyclops, which is the guinea worm vector. Underdiag the question that way,
everyone would agree that that treatment optiorrked’, because it effectively
removed the cyclops from the source water. Howetierobjective of the question was
to determine if the community members thought their previous treatment technology
was sufficient at treating their water. In shtite responses given cannot be used to
answer that question because the question neetted foaming.

Of particular interest to PHW, th&simfilter distributors, is the difference in the
breakages between the two communities. Kalarigamenced five breakages out of the
24 filters in the community (21%). These five tkages occurred over a one-year time
period. On the other hand, in Kakpagyili, none¢h&f households experienced breakages
in the first three months. PFP suggests thatehanaic filters be replaced once every
year (PFP, 2008), while PHW suggests that the derfililers be replaced once every
three years (Jackson and Murcott, 2007). Howetwesrnot just the ceramic portions of
the filters that incurred breakages. In Kalarigay receptacles and one lid cracked, and
one tap broke (in addition to the one cracked ceréitter). These breakages are
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supposed to be reported to the village voluntebn then contacts the salesperson
associated with that community liaison. Howeveansnof these households had not yet
contacted their volunteer, and the others had ebteceived replacement parts for their
broken filters. In Kalariga, this equates to a 2d84akage rate per year.

Finally, there is also some uncertainty concerniggdiarrhea occurrence of the
community members. Households were asked, “Whentlelast time someone in your
house had diarrhea?” If the household could reneeitiie last time someone had
diarrhea, then the following question was askeawtbld was this person?” While 14

of the 59 households (24%) were able to rememigelagt time someone had diarrhea, it
is possible that there may have been even mors.cdses is due to the poorly defined
terms in and the social desirability of the questas described previously. The question
does not specify a length of time. Therefore, shimeseholds may have thought the
guestion was only pertaining to the previous fewths, while others may have thought
the question extended as far as they were borcaluBe a time span was not specified,
the accuracy of the results is not certain.

Furthermore, there may be issues concerning thalstesirability of this question. It is
possible that the survey respondent simply didndwk if anyone had had diarrhea
recently, or chose not to disclose that informatidvithout knowing the cultural norms
of Ghanian society, it is impossible to know whetti@rrhea is something that is
discussed openly. As aresult, it is possible et of the household may not disclose
diarrhea incidence with their wives and vice verias also possible that mothers may
be embarrassed about their children’s diarrheéinfeeome responsibility for the
sickness. |If this was the case, then the mothagshrave chosen not to discuss cases of
diarrhea, and replied “no”, even though someone naay had diarrhea recently.

4.1.3 Follow-up Survey Results

All respondents indicated that the Aquatabs “impibthe taste of the water”, in
response to Question 3 from the follow-up surveds discussed earlier in this chapter, it
may be that the survey respondents were givinguisgver that they thought the surveyor
wanted to hear. However, an equally likely exptenmais that the Aquatab-dosed water
tastes more like “pure water” (discussed previgusiich is also treated with chlorine,
as was commented on by various respondents. Gungehe overwhelmingly positive
answers given in response to Questions 4, 5, gnthich were about whether the
Aquatabs were easy to use, if people had had abgms using the Aquatabs, and if
they would recommend Aquatabs to others), it isl{ikhat the survey respondents were
trying to please the surveyor. As discussed ptsho some of the same households that
responded positively also complained about stonaables, hernias and concentrated
urine, and “not feeling well”, as a result of usidguatabs. This information suggests
that some of the survey responses may not be leliab

One large distinction between the two communitias w response to how much they

were willing to spend for 100 Aquatabs. The twonoaunities chosen were selected
because one represented the lower-class (Kalaagd)the other represented the lower
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middle-class (Kakpagyili). While there was litdéference in how the two communities
perceived the Aquatabs, the amount that they wéliegwo pay was distinctive. The
average price that people in Kalariga were williagpay was GHC 1.8 for 100 Aquatabs,
while the average price that people in Kakpagyérevwilling to pay was GHC 2.9.
Moreover, only 6 of the 24 households in Kalarigaewvilling to pay the full GHC 3 for
100 Aquatabs, whereas 33 of the 35 households kpagyili were willing.

This distinction may be due to the fact that peapl€alariga were given thelKosim

filters for free and so they expected their Aqutatéor free as well. Another result of the
free distribution oKosimfilters is that people from Kalariga may not valater
purification technologies the same as paying custemHowever, it is equally as likely
that the distinction in the two communities’ willjiness to pay has to do with the
difference in wealth. If the Aquatabs were sulzsdiby a charitable organization, and
they only cost GHC 2 for 100 Aquatabs, then 1éhef24 households in Kalariga and 34
of the 35 households in Kakpagyili expressed they tvould be willing to purchase
them. And if the Aquatabs were only GHC 1 for Kifuatabs, then 21 of the 24
households in Kalariga and all of the householdsakpagyili expressed that they would
be willing to pay for them. However, these statssare based upon households that had
the opportunity to use Aquatabs for free. It islear if households that had never
previously used Aquatabs would be willing to payitr amounts.

4.2 Water Quality Results

4.2.1 Turbidity Results

The turbidity value for the Kalariga Dam (400 TWrfmrmed during the dry season) is
similar to values obtained from previous researdbhnson performed three turbidity
tests on the Kalariga Dam during the dry seas@90v, and obtained values of 8.6, 225,
and 244 NTU (Johnson, 2007). However, these thaagles were from households,
rather than directly from the dugout, which likélgd higher turbidity. Foran performed
a turbidity test on the Kalariga Dam during thenyaseason in 2007, obtaining a value of
>2,000 TU.

The first stage of the household water managenrmehtraatment process involves the
gathering of water from the dugouts and storing geramic vessels in the households.
The tests done in this study and others indicatettiere are significant reductions in
turbidity from source to pre-treatment storage Kéhariga, the turbidity decreased from
400 to 150 TU (63% reduction), and in Kakpagyi tiarbidity decreased from 800 to
201 TU (75% reduction). This percent reductiodus to the gravity settling of
particulates and to the use of alum in one of Wwehouseholds in Kakpagyili. The
household that used alum had a turbidity <5 TU (98€@tuction), while the other
household in Kakpagyili—that didn’t use alum—nhathibidity of 400 TU (50%
reduction).

Similar reductions have been seen in other studies.example, MIT Master of Science
(SM) student Kelly Doyle’s research indicates tinat turbidity of a water sample from
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the Libga Dam in Savelegu (a town north of Tamd&greased from 47 TU to 21 TU
(55% reduction) in one day (Doyle, 2007). The iitlp was further reduced to 18 TU
the following day (14% reduction, 62% total redan)i, 15 TU the day after that (17%
reduction, 68% total reduction), and 6 TU four deter (60% reduction, 87% total
reduction), as shown in Figure 49.
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Figure 49: Turbidity reduction over time from water sample taken in Northern Region,
Ghana (Doyle, 2007).

While the dugout water sample of Doyle’s study wasas turbid at the source as any of
the three dugouts in Kalariga and Kakpagyili, sanpercent reductions can be expected

from the water stored in the ceramic vessels. BAertesearch study, performed by
fellow MEng student Tamar Losleben, showed sinpkcent reductions.

Table 31: Reductions in Turbidity of Dugouts in Nothern Region, Ghana by Gravity
Settling (Losleben, 2008)

Time Elapsed
0 Hours 24 Hours 50 Hours
Dugout | Turbidity | Turbidity % Turbidity % Total %
(NTU) (NTU) | Reduction| (NTU) | Reduction | Reduction
Gbrumani 48.2 11.6 76 7.94 32 84
Kunyevilla 124 19.5 84 9.82 50 92
Kpanvo 102 30 71 25 17 75
Ghanasco 201 132.5 34 120 9 40
Average 118.8 48.4 066 40.7 27 92
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In this study, the average percent reduction ibitlity from the dugouts to the storage
vessels was 72%. From Doyle’s data, it would fake or five days to accomplish that
amount of settling, whereas Losleben’s data suggestould take less than one day. It
is possible that the water gathered from the dugyisustored for as many as five days, if
not more. It was observed by the author that hosseholds have 2-5 ceramic vessels
in their compounds for the sole purpose of stoviiader.

4 = B S ¢
Figure 50: Ceramic storage vessels in Northern Ghanhousehold.

When the households were visited in this studynthagority of the ceramic storage
vessels were close to full. This suggests thatvdter used for filtering may very well
have a storage period of four to five days pridiiltcation.

The largest percent reduction among the four stabester treatment (dugout, pre-
treatment stored water, after filtering, after Ales) occurs during the filtration through
theKosimfilter. There were 89% and 92% reductions in Kgkand Kakpagyili,
respectively, and a total reduction of 91%. Hower®any of the filtered samples still
had turbidity. Figure 33 and Figure 34 in Seciofil Turbidity Test Resultshows the
household-by-household turbidity results, whichigate that five filtered-only samples
in both communities had turbidity values >5 TU, efhranged from 50-200 TU. The
fact that the majority of the water samples wetkioed below 5 TU suggests that those
five households were doing something different tthenothers. Most likely, the
households with 50-200 TU filtered-only water dwt allow the dugout water time to
settle in the pre-treatment storage vessels, fwibitering. As described above and
shown in Figure 49 and Table 31, a large amoutti@tuspended particulates can be
removed by gravity settling. However, if this pess does not occur, then water in the
range of 400-1200 TU is added directly to the fijltghich would likely make it more
difficult for the Kosimfilter to perform.
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Another explanation is that the filters may be dystional (e.g. cracks in the ceramic).
However, that explanation is disproved by the fdteand chlorine disinfected turbidity
results. If the five filters producing turbid wafeom the baseline were dysfunctional,
then the same five filters should produce turbidewduring the follow-up. However,

this was not the case. In fact, not one of the fisuseholds produced turbid water
during post-intervention. Instead, eight housesdiéit had clear water during the
baseline had turbid water during post-interventidhis suggests that all of the filters are
functioning properly, and that the most likely extpdtion for the turbid product water has
to do with the amount of time the water is allowwedettle prior to filtration.

The average turbidity in Kalariga decreased fronTW#o 11 TU (35% reduction) from
the filtered-only water to the filtered and chl@idisinfected water.

In contrast, the average turbidity of the housebialdreased (138%) from the filtered-
only water (16 TU) to the filtered and chlorineidfected water (38 TU) in Kakpagyili.

In theory, the filtered only water would have noame of acquiring additional suspended
particulates at any point between these two stagks.chlorine tablets would not

interact with the suspended particulates, and esouttpidity should neither increase nor
decrease as a result of the chlorination. The til@dy explanation has to do with the
fact that during the baseline the households wddethat people would be returning in
one week to test the water. As described in tegipus section, according to the number
of times that the households filled their filtees pveek, an average of 23.5 L of filtered
water is available per week. Having experiencagifie filters, the households knew
that they must fill their filters repeatedly in erdo obtain the 20 L necessary for dosing,
in order that they might have water available &sting during the return visit. Therefore,
the households likely did not allow as much timethe dugout water to be stored in the
storage vessels before filtering. Another explamafor this increase is natural variation.
With a sample size of 59, it is possible that thbidity increase was natural, and that if
turbidity tests were performed again the turbiditgry either further increase, increase to
a less degree, or decrease when compared withithead results.

4.2.2 TC Test Results

The TC concentration for the Kalariga Dam sourceew similar to values obtained in
other studies. Johnson (2007) and Foran (2003&)reat TC concentrations of 43,000
CFU/100mL and 13,475 CFU/100mL, respectively. Vakie obtained in this study was
6,167 CFU/100mL, which falls in the range (4,00000® CFU/100mL) of the four tests
performed by Johnson (Johnson, 2007). However attditional data suggests that the
actual TC concentration of the Kalariga Dam magben higher than the value
presented in this study.

The TC concentration decreased through each stabe treatment process, for both
communities. From the dugout to the pre-treatrstaraige vessels, the TC decreased
19% in Kalariga and 65% in Kakpagyili. In Kalarjdhis reduction is likely due to the
cooler conditions in the ceramic storage vessdierwcompared with the dugout
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(Aimiuwua, 1993). The dugout in Kalariga is complg exposed to the sunlight, which
increases the temperature in the water, creatingspitable environment for bacterial
growth. The water in the ceramic vessels is codlee to periods of shade and insulation
from the ceramic. The cooler temperature inhibésterial growth, which may explain
why the pre-treatment, storage vessels have loagebal contamination. Also, given
that the TC concentration in the dugout may be éwgner than the reported 6,167
CFU/100mL, there may be a larger percent decreasethe dugout to the pre-treatment
storage vessels in Kalariga.

In Kakpagyili, the large TC reduction can be atitéd partially to the use of alum. Of
the two pre-treatment storage samples tested abgehold that used alum had a TC
concentration of 4,000 CFU/100mL, while the househioat didn’t use alum had a TC
concentration of 8,000 CFU/100mL. The householdsewot asked which dugout they
collected water from, so percent reductions fohaadividual household cannot be
obtained (the two dugouts used by this communit/\reaying TC concentrations,
11,000 CFU/100mL and 23,000 CFU/100mL).

The TC concentration was further decreased asuét ®passing through theosim

filter. Kalariga and Kakpagyili had reductions5% and 52% respectively, for an
average decrease of 54%. In addition to haviniglaeh percent decrease, Kalariga also
had a lower TC concentration in the product wa2e2Z0 CFU/100mL compared with
2,900 CFU/100mL in Kakpagyili). This fact is inésting because the filters in Kalariga
were in use for four times longer than the filtemsn Kakpagyili (one year versus three
months). This indicates that while the flow rate®ugh the filters reduce with use, the
ability to filter bacteria is not compromised arautd, in fact, be improved. The average
TC concentration in the filtered-only water fronh%® households in the study was 2,635
CFU/100mL.

The TC concentration for both communities was fertteduced from the filtered-only
water to the filtered and chlorine disinfected wati Kalariga, the TC was reduced
from 2,220 CFU/100mL to 2,039 CFU/100mL (7% redoic}ti In Kakpagyili, the TC
was reduced from 2,900 CFU/100mL to 874 CFU/1000% reduction). Neither of
these reductions approaches the 100% reductiastetsreleased by Medentech,
presented in Sectidh4.4 PerformancéMedentech, 2006). However, it is unlikely that
Medentech was testing its product on such chalhgngiater sources.

There are numerous reasons why the TC reductioreswag as high as expected. For
one, the 20 L jerry cans that were distributed whit AqQuatabs may have been
contaminated. For the purpose of this study, jearys were purchased from the local
market. These jerry cans were formerly used td palm oil, which is used for cooking.
Although they were washed thoroughly before distiin, it is possible that these jerry
cans contained bacterial contamination beforeidigion.

Of the 59 households surveyed, 47 had used onetégaad 12 had used two Aquatabs

in the week between visits. If there were bactpresent in the jerry cans distributed to
the community members, then it would likely be tillieach time that water was dosed
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within the jerry can. Therefore, it is expectedttthe households that used two Aquatabs
between baseline and post-intervention would hageater reduction in TC
concentration.

Table 32: TC Concentration Before and After Using Ajuatabs Compared with Number of
Aquatabs Used Between Baseline and Post-Interventio

Number of TC Concentration TC Concentration % Decrease
Aquatabs Filtered-Only Filtered+Aquatabs
(CFU/100mL) (CFU/100mL)
1 2,260 1,250 45
4,104 1,633 60

For the households that only used one Aquatalgwbeage TC concentrations before and
after using Aquatabs were 2,260 CFU/100mL and 1¢250/100mL respectively, for
both communities (45% reduction). For the housghithhat used two Aquatabs, the
average TC concentrations before and after usingatstps were 4,104 CFU/100mL and
1,633 CFU/100mL (60% reduction). The filtered @htbrine disinfected water from the
households that used two Aquatabs had a higheag&d&rC concentration. However,
those households also had an average initial TCesdration that was nearly double that
of the households that only used one Aquatabhdntsthe percent reduction among
households that used two Aquatabs was 15% higharhtbuseholds that only used one
Aquatab. This data supports the theory that thg mns may have been microbial
contaminated prior to use, and suggests that withdr use the Aquatabs may further
disinfect the product water.

Another explanation for the low percent reductiegnasutliers in the data. In Kalariga, all
but one filtered and chlorine disinfected water genihad a TC concentration below
1,000 CFU/100mL. The one sample with a TC conediotn greater than 1,000
CFU/100mL had a value of 42,000 CFU/100mL. Thidieuraises the average TC
concentration in Kalariga from 215 CFU/100mL (iflvawas omitted) to 2,039
CFU/100mL. If it was omitted from the data se€ gercent reduction in TC would
increase from 7% to 90% in Kalariga, which is etegher than the 70% TC reduction in
Kakpagyili. This omission would also reduce theataverage product water TC
concentration to 627 CFU/100mL, which results irasarage TC reduction of 76% from
the filtered-only water to the filtered and chl@idisinfected water.

As demonstrated, due to the presence of a few lyeantaminated water samples,
averaging the TC concentration results is not thetrimdicative way to understand the
results. Table 24 in Secti@¥4.2 Microbial Test Resultshows the percentage of
households that had decreased TC concentratiomstifre filtered-only water to the
filtered and chlorine disinfected water, compareth\wouseholds where the TC
concentration remained the same or increased. tdbiis indicates that a higher
percentage of households in Kalariga had improveduyxt water than households in
Kakpagyili, as a result of using Aquatabs. In Kga, 63% of the households had
decreased TC concentrations, 13% increased, and@bd#ned the same. In Kakpagyili,
34% decreased, 20% increased, and 46% remainaditie The majority of households
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that remained the same had no TC contaminatiomgltine baseline and post-
intervention.

Furthermore, Table 25 in SectiB.2 Microbial Test Resultshows the percentage of
households that had TC concentrations <100 CFU/Ld0nthe baseline and post-
intervention. In Kalariga, 21% of households did imdicate the presence of TC during
the baseline, and 50% did not indicate the preseht€ during the post-intervention,
representing a 29% increase. In Kakpagyili, 60%afseholds did not indicate the
presence of TC during the baseline, and 74% didnaatate the presence of TC during
the post-intervention, representing a 14% increase.

These two tables show that while the average TGatexh is much greater in Kakpagyili,
the use of Aquatabs arguably had a greater efid€alariga.

4.2.3 EC Test Results

For the most part, the presence of EC was removedesult of using Aquatabs.
Furthermore, many of the averaged EC results preden this thesis are misleading. Of
the 124 water samples represented in the average gueality data in Figure 27 in
Section3.4 Water Quality Results, only 11 indicated the presence of EC. Because so
few water samples indicated the presence of BE€ difficult to draw significant
conclusions concerning household-by-household sachge EC concentrations (which
is why the TC test is performed to show treatmemnfggmance). This explains why the
average EC concentrations and reduction/removakggbresented in Figure 28 to Figure
32 are erratic.

Of the three dugouts tested, the Kalariga Dam (B@/CO0mL) and KakDam2 (1,000
CFU/100mL) indicate the presence of EC (KakDamlmij which results in a value of
<100 CFU/100mL because of the limit of detectiothv@M Petrifilm™). The EC value
of 67 CFU/100mL obtained in this study for the Kaga Dam is less than the values
obtained by Johnson and Foran in 2007. Johnsdorpexd five tests that ranged from
0-3,600 CFU/100mL and had a mean of 785 CFU/10Qinhr{son, 2007). Foran
performed one test on the Kalariga Dam and obtaanealue of 754 CFU/100mL (Foran,
2007).

Of the three pre-treatment, storage samples takey the sample from Kalariga
indicated the presence of EC (100 CFU/100mL). Fioedata calculated in this thesis
alone, it would appear that the water in the peettnent, storage vessels in Kalariga is
more contaminated than the water from the Kalallgen. One possible reason for this is
that the storage vessels may be acting as incumiothe bacteria. However, if
Johnson’s and Foran’s results for the Kalariga Baeused, then the pre-treatment,
stored water in Kalariga is drastically reduced whempared with the dam water (769
CFU/100mL to 100 CFU/100mL). Furthermore, it keely that many of the pre-
treatment, storage vessels in Kakpagyili indicheegresence of EC. But because only
two samples were taken—and both indicated that@aevks present—the data in this
thesis suggests that a significant amount of B€nwved (90%) from the source to the
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pre-treatment, storage vessels. More water quaktyng at dam sources and household
pre-treatment, storage vessels is needed.

This limited information also complicates the résuvhen comparing the EC
concentration from the pre-treatment, stored watéhe filtered-only water samples. Of
the 59 filtered-only samples, seven indicate tlesg@nce of EC (three in Kalariga and
four in Kakpagyili). These seven samples rangmft®-200 CFU/100mL. Using an EC
concentration of 50 CFU/100mL for samples thatrditlindicate EC (<100
CFU/100mL), the average filtered-only EC concemdrats 60 CFU/100mL, which
represents a 10% reduction in average EC concemtifabm the pre-treatment, stored
samples to the filtered-only samples.

Among the 59 filtered and chlorine disinfected sksponly one indicated the presence
of EC. However, this one sample had a concentrati®,200 CFU/100mL, which is an
order of magnitude greater than the largest ECextnation from the filtered only
samples. As a result, the average EC concentritbanall samples increases from 60
CFU/100mL to 86 CFU/100mL as a result of using Agba (43% increase). Similar to
the affect of the outlier TC concentration desalibethe previous section, the average
EC concentration is not indicative of the actuahtment. From Table 22 in Section
3.3.2 Microbial Test Result88% and 89% of the households in Kalariga and
Kakpagyili, respectively, did not indicate the grese of EC. During post-intervention,
the percentage of households that did not inditetgresence of EC increased to 100%
and 97%, respectively.

4.2.4 FAC Test Results

According to the CDC, the minimum FAC level in chif@ disinfected water 24 hours
after dosing is 0.2 mg/L. Of the 16 householdscitdosed 24 hours prior to the follow-
up survey in Kakpagyili, only ten had a FAC levedater than 0.2 mg/L. Thus, 38% of
the households did not satisfy the CDC chloringtimFurthermore, from Table 28 in
Section3.4.3 Chlorine Residual Test Resutte percentage of households that had a
FAC level greater than 0.1 mg/L at the time of tiegt was 63% and 66% for Kalariga
and Kakpagyili, respectively. In this instance aigers, the FAC levels from the two
communities did not vary significantly.

The CDC also recommends that the FAC residual xxeex 2.0 mg/L 30 minutes after
testing. This limit is recommended to ensure thattreated water does not acquire an
unpleasant taste or odor. At the time of the syrseven of the 59 households surveyed
had a FAC residual greater than 2.0 mg/L. Sontbexfe households had even dosed
their water the day before the survey. Howeverhesd the households also indicated
that the Aquatabs improved the taste of the waBecause this limit is imposed more for
user acceptance than health, the fact that thasseholds exceeded the limit—and still
appreciated the taste of the water—is not of sicgmift importance.

Of particular importance is the fact that 3 of #&ehouseholds had FAC levels greater
than 10 mg/L. This exceeds the 5 mg/L limit for&Aesidual imposed by Medentech
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(Medentech, 2006). It would appear that all thokthe households with a FAC residual
>10 mg/L overdosed their water. However, eacthefthree households was asked how
many Aquatabs they had used in the previous weekal three indicated that they had
used only one. The households were asked to daupply of Aquatabs to the
surveyor to ensure that only one Aquatab had bsed,@and all three of the households
had nine remaining tablets from the provided sifigen.

Aside from dosing with multiple Aquatabs, anothesson that the FAC level may be
higher in these households is that the househalsisdiwith a volume of water less than
the suggested 20 L. At the time of the post-irgation household visit, two of these
households had 10 L of water remaining in the jeenys and the third household had
trace amounts of water remaining in the jerry c@he households assured the surveyor
that they had appropriately dosed a full 20 L ofexa However, there is no way to be
certain if this was the case. If these househwddbdosed anything less than 20 L, it
would explain why such high chlorine residuals weibéained.

Another explanation for why the chlorine residuasvgo high for these three households
is that the water source already had FAC in itrpieadosing with Aquatabs. However,

all three of these households indicated that themtbey use for filtering comes from the
dugout, which has no FAC residual. The only renmgrexplanation is that the particular
Aquatabs used in these three households releagedi@r amount of sodium

hypochlorite. Specialists from Medentech have l@skthe author that Aquatabs are
manufactured to certified pharmaceutical standavtigch ensures their quality and
consistency. Furthermore, the greatest FAC rekrdgarded from a 67 mg Aquatab was
6 mg/L and this Aquatab was used in a vessel thatless than 10 L (Medentech, 2008a).

Therefore, this error is most likely associatedhtite testing equipment. The
instructions released by Hach (included in Apperig)ixndicate that the testable FAC
residual range for the equipment used is 0-3.0Qr{tgéch, 2006). Therefore, if a
sample exceeds that range, accuracy is no longolee Because of this, it is likely that
the FAC residuals from these three samples arerlthaa the recorded >10 mg/L values.

From Figure 39 in Sectio®.4.3 Chlorine Residual Test Resutteere is a correlation
between FAC and the time elapsed from the prewdosg. Of the 24 households that
were asked how many days had passed from theiddast, 10 households had a FAC
level greater than or equal to 1 mg/L. All 10lé$e households had dosed their water
within the previous two days. However, of the ®ilef households that had dosed their
water the day of the actual survey, four of theegevad a FAC level of 0 mg/L. This
explains why the averaged FAC levels displayed withamount of time elapsed in
Figure 40 show a lower FAC value associated witiirdpthe day of the post-
intervention, compared with dosing the day befbeegost-intervention. Contrary to this,
the trends are that the FAC levels decrease with &nd are mostly gone by the third
day after dosing.

The reason for introducing Aquatabs is to disinfaetfiltered-only water. Therefore,
one would expect there to be a correlation betvilee-AC levels and the reductions in
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TC concentration. From Figure 41, there is a gdrteznd that with higher FAC levels,
the % of households with reduced TC increases. e FAC levels were between O
and 0.25 mg/L, 32% of the households had reducedali@s and 32% of the
households had increased TC values (36% remaieeshthe). However, when FAC
levels were between 1.01 mg/L and 2.0 mg/L, 67%hefhouseholds had reduced TC
values and 8% of the households had increased L@s/é25% remained the same).
This direct correlation between FAC levels and #@uctions—and indirect correlation
between FAC levels and % increases—in TC concémtisats fairly consistent over the
various FAC ranges presented.

There are similar correlations between the FACI&sad the EC concentration, as well.
The only household of the 59 surveyed that indit#te presence of EC in filtered and
Aquatab water, had a FAC residual of 0 mg/L. Aiddially, this household had dosed
their water the same day of the survey, which yikekans that the filtered only water
was highly contaminated and that all of the FA@askd from the Aquatab was
consumed in killing a fraction of the bacteria mmtsin the water sample. Also, of the
seven households that indicated the presence af E@ filtered-only water samples and
had no EC present in the filtered and chlorinendiesited water samples, four had a FAC
level greater than or equal to 0.5 mg/L. The thezeaining samples all had a FAC level
of 0 mg/L. For these three samples, only one s&edithe last time that they dosed their
water. This household had dosed their water faassgrior to the visit, which explains
why their FAC level was so low. It is highly pdsi that the remaining two households
that had EC present in the filtered-only samplesrmmEC present in the filtered and
chlorine disinfected samples and also had a FA€l levO mg/L, only had a 0 mg/L FAC
level because of the time elapsed from dosing. D€ indicates that there should be a
0.2 mg/L FAC level 24 hours after dosing, whichwhdhe expected rate of decline of
FAC in water.

4.3 Laboratory Test Results

4.3.1 Laboratory Water Quality Test Results

In terms of turbidity, all of the samples were reeldito <5 TU after filtering. The
Tanker Truck water had a turbidity of <5 TU priorfiltering, and remained at <5 TU
after filtration and chlorine disinfection. Thedwlugout water samples had turbidity
values of 200 and 300 TU prior to filtering. Thesenples were reduced to <5 TU after
filtering and remained at <5 TU after chlorinatiofihe reductions seen in these tests
were the type of reductions that were expectederfield (theKosimfilter removing all

of the turbidity, and the turbidity remaining at €6 after chlorine disinfection).

In terms of TC reduction, each of the three temklgd different results. For the
Dugoutl-Taha water sample, the presence to TC evasved (<100 CFU/100mL)
during filtration. The water entering tKesimfilter had a TC count of 100,000
CFU/100mL. After filtration, the TC count was <1QBU/100mL (and remained at
<100 CFU/100mL after chlorination). For the Dugs@hanasco water sample, the TC
count increased after filtration and was reducedid0 CFU/100mL after chlorine
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disinfection. The water entering tk@simfilter had a TC count of 2,150 CFU/100mL.
After filtration, the TC count increased to 7,30BW100mL. The reason for this
increase is likely that the storage receptacleswasaminated (filtered water for the
microbial test was taken directly from the storaggeptacle). Similar increases likely
occur in community households, so this increaseotstnates the importance of
regularly cleaning the storage receptacles witbraté, prior to filtering. Furthermore,
after the contaminated filtered-only water was doséh Aquatabs, the TC count was
reduced to <100 CFU/100mL.

Finally, the Tanker Truck water reduced in TC camtgtion in each step of the
treatment process, but the presence of TC was wewepletely eliminated. The pre-
treatment TC value was 3,000 CFU/100mL. Afteefilhg, the TC count was reduced to
1,700 CFU/100mL and after dosing with AquatabsTtiecount was further reduced to
400 CFU/100mL. These tests demonstrate the berfitsing Aquatabs. For the
Dugout2-Ganasco and Tanker Truck water sample#duatabs either completely
removed (<100 CFU/100mL) or significantly reduckd presence of indicator
organisms (TC).

None of the three water samples indicated the poesef EC at any stage in the
treatment process.

Finally, the FAC values of the three water samplas 0.97 mg/L, 1.15 mg/L and 0.69
mg/L for the Dugoutl-Taha, Dugout2-Ghanasco, amk&aTruck water samples,
respectively. All three samples were within the@Ci2commendations of a minimum
FAC value of 0.5 mg/L 30 minutes after dosing amdaximum FAC value of 5.0 mg/L.

4.3.2 Flow Rate Test Results

In analyzing the results from the flow rate tegtappears that the quality of the water
source and the age of the filter both have an effedlow rate. From Figure 48 in
Section3.5.5 Comparison of Flow Ratdbe clear water samples with new filters filtered
the fastest, with an average total filter time Bft®urs. The three dirty water samples
(two with high turbidity and microbial contaminati@and one with no turbidity and
microbial contamination) with neWosimfilters had an average total filter time of 44
hours. Lastly, the turbid and microbially contaated water source with a one year old
filter required 151 hours to filter just 7 L (1.2remained at end of test).

With three never-before-used filters and dirty wat@mples, the flow rate patterns were
similar, which suggests that microbial contaminai®the primary inhibitor of flow.

The water quality parameters of the three sampkepr@sented in Figure 43 and Figure
44 in3.5.2 Water Quality Tests on Performance of ConthBystem.The Dugout2-
Ghanasco water sample had a turbidity of 300 TUaam@ concentration of 2,150
CFU/100mL. The Tanker Truck water sample had laidity of <5 TU and a TC
concentration of 3,000 CFU/100mL. Because theahiat concentrations are similar
and the turbidity of the samples is different, loynparing the flow rate tests of these two
water samples one can determine the extent to whibidity effects flow. In observing
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Figure 45, the Dugout2-Ghanasco water sample dgfiltdred faster than the Tanker
Truck water sample, which indicates the microb@ltamination affects flow while
turbidity does not.  If this is the case, thee ean conclude that the presence of bacteria
in water samples increases the required flow tignd88%6 (32 hours to 44 hours).

However, the primary reason that the flow ratefedis because of compositional
variability among filters. Assuming that microb@ntamination is the primary inhibitor
of flow, one would expect the Dugoutl-Taha watengie to filter slower than the
Dugout2-Ghanasco sample because its TC value wa8ADCFU/100mL (47 times
greater than the Dugout2-Ghanasco value, 2150 CFdil). However, this sample
actually filtered the fastest of the three contaated water samples with new filters.
Furthermore, the flow rate of the same clear wierugh the three netosimfilters
were also was different (see Figure 45).

As discussed in Sectidn3.3 Ceramic Filter Composition and Productjoine clay and
sawdust used in manufacturing filters is sieved particular range. Even though this
process achieves a particular size range, thelplitysiemains that some pots may be
primarily composed of the smaller particles in treatge and some pots may be primarily
composed of the larger particles in that range rddeer, clay composition would likely
differ from batch to batch. This would lead toywag pore sizes, which would lead to
varying flow rates.

Therefore, the most likely explanation as to why flow rates from the three
contaminated water sources differed is that the gemselves were different. Given
that the ceramic pots have different properties, fossible that turbidity and microbial
contamination affect flow rate differently thandesscribed above. For example, if the
pot used to filter the Tanker Truck water had tmaléest pore sizes of the three filters,
then that would explain why it yielded the slowksiv rate for the first 24 hours of
filtration. Likewise, the pot used to filter thaiBoutl-Taha water likely had the largest
pore size, which would explain why this pot had féetest flow rate throughout the
duration of the testing. If these hypothesesare then the affect of turbidity and
microbial concentration with respect to flow ratanoot be understood from these tests.
To correct this problem, one would need to filtacte of the three water samples through
the same filter, ensuring that the filter was propeleaned between each sample.
Alternatively, one could test a number of new fitaith clean water and select a set that
showed identical initial flow rates.

Another conclusion from these three tests is tigitdr flow rates do not compromise
performance. As discussed in Sectlo8.3.3 Pore Sizef the pore size in the ceramic
vessels is too large, then the flow rate will bghleir (which is good), but the ability of the
filter to remove turbidity and microbes will be rembd. This is why the filters are
supposed to have specific pore sizes, and thugfisgemwv rates. However, from the
three contaminated samples—with new filters—in gtigly, the filter that performed the
best at removing turbidity and microbial contamiotwas the filter with the highest
flow rate. Therefore, for ceramic filters with s in the first hour of 0.8-1.7 L, filters
with higher flow rates are preferred.
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Over long periods of time, turbidity and microbiaintamination have lasting effects on
flow rate. This is a result of the fact that fftion occurs throughout the depth of the
ceramic filter. To clean the filters, the insidehoroughly scrubbed. However, the
filtered particulates and bacteria within the wadlmain. Therefore, one would expect
that with time these accumulating impedances wgtgatly diminish the amount of flow
through the ceramic, as was demonstrated wherutheraested a one year old filter.

A one year old filter from Kalariga required ovéx days to filter 7 L of water and there
was still 1.2 L of water remaining in the filterthe conclusion of the test. This is three
times as long as the filtering time of water of sdmquality through a new filter. The
previous owner of this filter complained about #peed of her filter, so it is possible that
the original composition of this particular filterthe primary reason for the slow flow
rate. However, the flow rates given by this filsee drastically lower than the flow rates
given by the three new filters with water of simitpiality, which suggests that the
filtered particulates and organic matter are thegle causes. It is uncertain as to how
frequently the household who used this filter cehit.

The technical specification sheet for thesimfilter (see Appendix F) suggests that
flows in old filters can reduce to 0.5 L/hr ovana, but that they are restored by
scrubbing (Jackson and Murcott, 2007). With time gear old filter, the flow rate was
reduced to 0.23 L/hr, despite cleaning the filtkiis possible that the flow rate through
this filter could have been further regeneratedagkwashing; however, this cleaning
method was not performed while in Ghana.

Another observable trend from the flow rate tegidggmed is that the flow rate
decreases exponentially with time for all water gstested. This exponential behavior
is expected as gravity is the driving force inréitton. Because the filter is shaped like a
flower pot and water is primarily filtered througie sides of the filter (Van Halem,
2006), it is expected that a more full pot (morgavaontact area) would filter water
quicker than a less full pot. Furthermore, whenbt is full, there is greater pressure
head in the filter, which facilitates the filtratio

This exponential behavior can be observed in Fig8r&om3.5.5 Comparison of Flow
Rates where the flow rate decreases with each hour.tHéothree contaminated water
sources, the average percent reductions are 23%the first hour to the second hour,
24% from the second hour to the third hour, and #%#h the third hour to the fourth
hour.

With such high drops in flow rate, a more efficiemtans of filtering would be to fill the
filter to the top as frequently as possible to maze the flow rate. This poses certain
challenges in terms of cleaning. If the filtersreveontinually filled, then there would not
be an opportunity to clean the filter after eaahetit was used. Ultimately, the filter
would clog and the flow rate would be impeded. pfevent this, filters should be filled
as frequently as possible, but after a seriedlofds, the remaining water in the filter
should be poured back into the pre-treatment stovagsels; the filter should then be
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cleaned and filled again to resume filtration. sTimethod will be discussed in further
detail in the following chapter.
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5.0 Conclusions/Key Points

The combine&osimfilter and Aquatabs treatment system is an effedtiousehold
water treatment system and is relevant for implaatem in Northern Ghana,
particularly to lower class and lower middle-classnmunities who can afford to pay for
the combined system. This conclusion is suppditetthe following key findings:

Average TC concentration was reduced by 50% froseloze (filtered-only) to
post-intervention (filtered+Aquatabs) from all 58useholds

46% of households experienced reduced TC concemtsanh Aquatabs treated
water, while 37% remained the same as post filterdg water (most of those
households had no contamination in either sample 1&% increased

Percent of households that did not indicate thegaree of TC (<100
CFU/100mL) increased from 44% to 64% from baseiinpost-intervention

EC present in only 2% (1/59) of post-interventioater samples, compared with
12% (7/59) of filtered-only water samples

62% (10/16) of households had a FAC level gredtan 0.2 mg/L 24 hours after
dosing, at time of post-intervention visit

64% of households had a FAC level greater thamf@/L at time of post-
intervention visit (0.1 mg/L FAC was the benchmasled for randomized
chlorine testing in the CDC study in the neighbgniillage of Bipelar in
Northern Region, Ghana in 2007)

Among households with a FAC residual in treatedewhetween 0 and 0.25 mg/L,
32% of households had reduced TC concentrationiée 2% had increased TC
concentrations

However, among households with a FAC residualeated water between 1.01
and 2.00 mg/L, 67% of households had reduced TCestdrations, while 8% had
increased TC concentrations

All survey respondents indicated that Aquatabs fiowpd the taste of the water”
and that they “would recommend Aquatabs to others”

33/35 (94%) of lower middle-class survey responsi@rdre willing to pay the full
GHC 3 for 100 Aquatabs, while 6/24 (25%) of lowéass survey respondents
were willing to pay same price (100 Aquatabs idisignt for 1 year of treatment
with the combined system)
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6.0 Future Research Needs

0.1 Further Analysis of Combined Kosim Filter and Aquatabs

This pilot study alone does not provide a compédetalysis of the effectiveness and user
acceptability of the combindgosimfilter and Aquatabs system. It is important tthga
more field data on this combined system in orddotm more complete conclusions.
Moreover, there were important lessons learnechdutiis study and as a result, there are
ways a new study could be improved.

6.2 Further Flow Rate Tests

One major research need is to better understarntbthieate through th&osimfilter. In
this regard, it is important to better understareléxtent to which turbidity and microbial
contamination affect the flow rate of new filtersdehow prolonged use affects flow rate
with water of similar quality to that in NortherreBion, Ghana. One should also
determine the most efficient filter filling stratebetween cleanings, in order to
maximize the amount of water households can obtairch will be explained further in
Section6.2.4 Optimal Filling Frequency

6.2.1 Initial Flow Rate Tests

In this study, six newosimfilters’ flow rates were tested, three with cleater and
three with microbially contaminated (and in twoesgsurbid) water. With clear water
sources, two of the thré@simfilters were within the 1-2.5 L/hr requirement fomrL
filters. The third filter had an initial flow &.10 L/hr. On the other hand, with turbid
and microbially contaminated water sources, onb@two Kosim filters was within the
1-2.5 L/hr requirement. The other filter had amiahflow of 0.93 L/hr. Additionally,
the initial flow rate of the clear, microbially caminated water source yielded a flow
rate below the 1-2.5 L/hr requirement (0.76 L/hr).

Further research and quality control steps shoalthken to ensure that the initial flow
rate falls within the designated range. If thevi@tes are found to be greater or less than
1-2.5 L/hr, then the technical specifications shdag altered accordingly. However, if a
1-2.5 L/hr flow rate is desired, and it is foundttkhe flow rate of the manufactured

filters is less than or greater than that rangen thhe composition of the filters must be
monitored and/or manufacturing controls put in plac

6.2.2 Affect of Turbidity and Microbial Contamiration Flow Rate

Another research need is to better understand hewutbidity and microbial
contamination of water sources affects flow réteom the data in this study, the
conclusion is that—among new filters—turbidity céter sources does not affect flow
rate, but microbial contamination does. Howeuas tonclusion is likely false because
it goes against the fact that microbes are assutwsith particles. Therefore, the
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association between flow rate and water qualityughbe further researched by testing
the flow rate of different water sources throughsamefilter or a number of filters with
similar baseline flows.

6.2.3 Affect of Use on Flow Rate

Additionally, it would be beneficial to determinevs use and maintenance practices
affects flow rate. This research study concluties over time the ceramic filter becomes
clogged, resulting in a decreased flow rate. Hawethe flow rate test in this study was
performed on a one year old filter, which was acgpiirom a community member who
had specifically complained about the speed ofilter. Therefore, this filter may have
originally been slow.

Piaskowy has performed some tests on the affeatseobn flow rate, as discussed in
Sectionl.3.4 Flow Rate However, turbidity of the source water usedimsRowy’s
study is significantly less than the water sourngsis report. Therefore, the use and
flow rate conclusions from her study may not beliapple to higher turbidity waters as
are found in the Northern sector of Ghana.

6.2.4 Optimal Filling Frequency

Lastly, in terms of use, it would be beneficiaktmow the optimal filling frequency of the
Kosimfilters. Most households surveyed in this stutlyteir filters, allow all of the
water to filter, clean their filters and repeatufftnouseholds continually topped-up their
filters). Given that the flow rate reduces frorh L/hr within the first hour to 0.5 L/hr
from the third to the fourth hour (from the micrally contaminated water sample tests
performed in Ghana with new filters), the besefiltg strategy would be to continually
top up the filter for a period of time, empty detwater from the filter, clean the filter,
fill it to the top again and repeat. However, thisuld be incredibly tedious, so there
must be a user acceptability consideration. Perttsgcommunity members would be
comfortable topping up their filters every few heulf this was the case, then a test
should be performed to determine the appropriatelb@n of times the filters should be
topped up before cleaning, to achieve the optitoal fate. With this information,
households would be better equipped to filter lasgjemes of water in times of need.
PHW recommends continually topping up filters betweleanings; however, an optimal
frequency has not yet been determined.

6.2.5 Different Demographic Communities

This pilot study focused on two communities—onedowlass and one lower middle-
class. Both communities derived a major portionaai all—of their drinking water
supply from unimproved surface water dams. This aaappropriate focus of this study
as these are the target demographics of PHW. Henweuddle and upper-class
communities could have an interest in the combkesim+Aquatabs system and further
research should be investigated.
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7.0 Recommendations for Future Research Needs

7.1 Recommendations for Further Research of Combined Koszz Filter and Aquatabs
Treatment System

7.1.1 Improvements to Study Design

In order to proceed with the analysis of the corabifosimfilter and Aquatabs

treatment system, several limitations in the stelsign highlighted in this report should
be corrected. One of the largest problems assaktigith this pilot study concerns the 20
L jerry cans that were distributed to the househioldespite the fact that the jerry cans
were washed prior to distribution, there remaip®ssibility that some of them were
microbially contaminated prior to use. If this whe case, then the microbial test results
from the filtered and chlorine disinfected waterulgbnot be indicative of the actual
performance of this combined system. In ordemioect this problem in future studies;
one should first thoroughly clean the jerry cangwhlorine and then rinse them.
Afterwards, the jerry cans should be filled withterafrom theKosimfilter with no

turbidity and no microbial contamination. The wagkould be swirled throughout the
jerry cans and tested for microbial contaminatmerisure that they are clean. Only then
should they be distributed.

Another variable that may have affected the peréoroe of this combined system is the
length of time over which this study was conduct&tie households were told during the
baseline that surveyors would be returning in oeekato test their water and answer any
guestions they may have. ldeally, the lengthroktbetween baseline and post-
intervention would have been longer, however, theas only a certain amount of time
the author had in Northern Region, Ghana. As alttdsouseholds may have rushed the
water treatment process in order to have treatédnaaailable for testing during the
return visit. Alternatively, they may have thoudginat theKosim+Aquatabs system was a
silver bullet that did not benefit from the settjithat normally occurs in their storage
vessel everyday practice. One more possibilityld/be that as the dry season was
progressing, their dugout source was drying uptariadity levels were increasing. Any
of these three cases would result in more hightyituwater added to the filter, which
would potentially result in more highly turbid élted water, and consequently, product
water with a higher microbial contamination (duefte natural binding of bacteria to the
suspended particulates). This hypothesis is stg@dry the fact that the number of
households with turbid water increased from theslxaes to post-intervention.

Another limitation was the time and resources aqainst One must allow an appropriate
amount of time and financial resources to compettudy of this nature. ldeally, during
the baseline, the households would be told thaeso would be coming back at several
points over a period of 6 months to 1 year. Thaywhe households would not know
when to expect the post-intervention visit, andstbauld not prepare (i.e. ensure that
they had treated water available for testing).sMmould provide further insight into just
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how effective this combined technology is, and wiaalso allow the researcher to
determine if the households are regularly usingsifstem.

Furthermore, for better comparisons between fitterely samples and filtered and
chlorine disinfected samples, both samples shoalléted during the same visit. This
would provide a more accurate comparison betweerchtorinated and chlorinated
water samples because the quality of the pre-ctdted water would be more similar to
the filtered-only water.

7.1.2 Improvements to Survey Process

There are also numerous ways in which the surveggsss could be improved. A simple
correction should be made concerning the introdaadif the survey process. The
interviewer should stress the fact that the surse&pnfidential and that it is important for
all responses to be given honestly. These twatpasimould be repeated at different
points in the survey when necessary (e.g. askingtabarrhea cases).

Furthermore, it would be ideal to have native-b@iranians trained in how to conduct
the entire survey and water testing by themselVég author observed many survey
biases attributable to the fact that a white perstmgether with a Ghanian translator—
was leading the survey team and testing the wéatkerefore, if a local Ghanian were to
perform these tasks, it is thought that these biagrild be diminished, resulting in more
accurate survey responses. This would requireoppipte training, with role-play
simulations and a pre-test to ensure proper sumaplementation.

Another limitation of this research design was thate were different members of the
survey team conducting the survey at different §maAs a result, the surveyors may
have translated or formed questions differentlyicwhwould result in different responses.
Correcting this problem would require the use dfy@me surveyor, and ensuring that the
surveyor formed the questions the same way eachttimsurvey was conducted. The
interviewer should also be educated on how to prebpondents when incomplete
responses are given. Lastly, whoever trains ttegvrewer should stress the importance
of maintaining a constant speed in each intervigwis method would also require
managing and monitoring the trained survey teani¢chviequires time and resources not
available in this study.

Another means of eliminating survey bias is to gl products to the households, rather
than provide them for free. If the community mensb&re purchasing the products, then
they would likely feel more entitled to provide aige feedback concerning things like
functionality, effectiveness, taste, etc. Howeteere are also complications associated
with selling the products. For one, the authothdd report felt it was important to have
100% community participation so that householdddadiscuss the products within the
communities. If the products are not distributedffee, then it would be more difficult
to achieve this.
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From the outset, the baseline and follow-up surveste conceived of as qualitative
surveys, not quantitative ones. The advantagasjoflitative survey are that it allows
for observable behaviors, cultural patterns, maitives and attitudes to be gauged, and
for the surveyor to analyze situations within tbatext that the survey is being
conducted (Marsland, 2000). A future survey comidrove on this qualitative approach
by eliminating the survey biases discussed prelyaursd in the following section.
Alternatively, a quantitative analysis involvinghdomized sample populations could be
central to the survey design. If this were theecasore credible results could be obtained
concerning the statistical measures in this stuakg (of use of products, different
adoption and sustained use rates by different despb@s, water quality test results,
etc.), and further trends could be assessed (Mats2D00).

There are many ways in which the individual surgagstions could be improved.
Question 2 from the baseline survey (“From whergao collect your water?”) should
specifically inquire from which dugout the househobllects their water. Many
communities use multiple dugouts for water collaati In this research study,
households in Kakpagyili collected water from ofiénm dugouts, which vary in water
quality. As a result, it is difficult to compareet treatment results among the stages of
treatment because the water source is uncertain.

Furthermore, Question 15 (also from the baselimeesty should be reworded. It asks,
“Before you got the Kosim filter, did you treat thater at all?” It proceeds to ask, “Did
that work?” The problem with this question is theny of the households only
indicated one method they used to treat their watdlrof the households surveyed had
Guinea Worm Cloth Filters distributed by the Ca@enter. Therefore, many of the
households chose to only refer to these filterswdsked about their previous treatment
technology. It was later determined that manyhefliouseholds also previously used
alum, in addition to their cloth filters. This agi®n should be changed from an “open”
guestion to a “closed” question, where the respotsdare given a list of technologies
and asked to identify the ones they previously udeat example, the questions could be,
“Which of the following water treatment technologji@id you use prior to th€osim

filter: cloth filters, alum, biosand filter, or ather technology?”

Additionally, all of the households said yes whekeal, “Did that work?” The purpose
of this question was not to determine whetherttigatment technology worked, but
rather, whether the community members thoughtttiet previous technology was
sufficient for drinking water treatment. Therefotleis question should be changed by
incorporating the “subjective continuum scale”, wehthe respondents are asked to
choose from a list of adjectives describing thelef treatment. For example, the
guestion could be changed to, “Choose one of tharfing responses. Did your
previous treatment method perform very poorly, boak, good, or very good at
treating your drinking water?” If this question wasked, and the same continuum scale
was used to describe the treatment effectivenedsedfole use of theosimfilter during
the baseline survey, a more thorough comparisdineo$ubjective improvement of the
Kosimfilter would be achieved.
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Additionally, it is unclear whether households wendirely forthright concerning
diarrheal occurrence. If they were not, it is thiouthat they might be more inclined to
provide honest responses if asked by someone iwkrdgscent. Furthermore, a specific
time scale for diarrhea occurrence should be gior. example, this question could be
changed from, “Has anyone in your household haadhia recently?” to “Has anyone in
your household had diarrhea in the past two weeks?”

Some changes should also be made to the followtyeg. For one, bias in Question 3
(“Did the Aquatabs improve the taste of the wateshbuld be eliminated. Using a word
with positive connotations like “improved” may coranicate to the respondent that a
positive answer is expected. Therefore, the semtirof this question should be changed
to remain neutral. Similar to the rewording of signs relating to treatment
technologies described above, this question coelichanged to, “Choose one of the
following responses. The Aquatab treated wateesasvery bad, bad, ok, good, very
good?” If this same type of question was askednaigg the taste of the sole use of the
Kosimfiltered water during the baseline survey, one ldetter be able to determine if
the households like the taste of the Aquatab tdeatger. Also, it is important to ask
every household when they last added Aquatabstowlater. In this study, only 24 of
the 59 households were asked when they last dosedaater. This information is
critical when trying to analyze the FAC results.

Finally, if the survey responses are validatedn tine responses could be trusted with
more reliability. This could be achieved by askinguestion that could be verified, for
example, by direct observation

7.2 Recommendations for Further Flow Rate Tests

7.2.1 Recommendations for Initial Flow Rate Tests

To address the need to better understand initel fates througkosimfilters, one must
either acquire a large number of new filters—or kvdirectly with the manufacturer—
and test them before they are used in the commagniflhis test would be simple to
complete, because one would only need to chechdWerate for the first hour. An
important consideration is to ensure that the ceréiiters are wetted throughout the
thickness prior to beginning filtration.

7.2.2 Recommendations for Affect of Turbidity ancrdbial Contamination on Flow
Rate

To determine how turbidity and microbial contamioataffect flow rate, one should use
the same filter for a series of tests. Ideallyeéhgould be four water samples tested.
Water Sample #1 would have a high turbidity andrabial contamination. Water
Sample #2 would have the same turbidity as WatempBa#1, but no microbial
contamination. Likewise, Water Sample #3 wouldéhthe same microbial
contamination as Water Sample #1, but no turbiditgstly, Water Sample #4 would
have no turbidity or microbial contamination. Tderamic filter should be wetted prior
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to each flow rate test. Also, it is of paramounportance that the ceramic filter is
scrubbed thoroughly after each flow rate test (¢eethe point of removing a micro layer
of ceramic). To test the effectiveness of therdleg, the first flow rate test should be
repeated at the end of testing to ensure thatdheréte is the same. If these four tests
(five with the repeat test of the first water saeqpb ensure effective cleaning) were
performed, one would better be able to assess tdoidity and microbial contamination
individually affect the flow througKosimfilters.

7.2.3 Recommendations for Affect of Use on Flow Rat

Finally, arguably the greatest need in terms ahtenflow rate research is to determine
how use affects flow rate. Ideally, this researohld be performed over a long period of
time. In this case, one could test the flow rdta blter that is constantly in use (filtering
water of similar quality to the water in the Nomtheector of Ghana) every month or so
and compare how the flow rate changes. If one ba$ya certain amount of time to
conduct this research, then a sample of old fikeoald need to be acquired and tested
for flow rate. The primary challenges associatéti ¥his method is that it is impossible
to understand how the flow rate for each particfil@r has changed over time because
each filter has different compositional propertiesd thus has different initial flow rates.

Piaskowy performed flow rate tests on water ovéer@e month period. However, the
source water used for testing had turbidity valuetsveen 8.63-16.37 NTU, which is
significantly less than the turbidity values seemiany dugouts in the Northern sector of
Ghana. Therefore, this test should be performéi water of similar turbidity to the
dugout water used in the rural communities in NemthGhana.

7.2.4 Recommendations for Determining the Optinlah§ Frequency

In order to determine the optimal filling frequenmfytheKosimfilters, a few steps must
be performed. The first step is determining haegérently the households would be
willing to fill their filters. The most likely métod for gathering this information would

be to survey a sample of households. After tHsrmation is gathered, a flow rate test
should be conducted where the filter is filledsiallowed to filter for the specified time,

it is filled again, and the process is repeatede d@mount of water that is filtered between
each filling interval should be calculated to detere at what point it would be necessary
to empty the contents of the filter and cleanlit.performing this test, it is important to
remember that the households can only add watéetblters during waking hours.
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8.0 Recommendations for PHW

There are also several ways in which PHW could anpttheir practices:

Possibility of combined alum and Aquatabs syste
Further education ¢fosimfilter owners

More frequent interaction/follow-up with villagrolunteers
Focus on seasonal trends in sales

PN

These four suggestions will be discussed in furtleail in the following sections.
8.1 Possibility of Combined Alum and Aquatabs System

It is possible that a combined treatment systealwh and Aquatabs would be more
practical in the Northern sector of Ghana, and khbe considered as a product for sale
by PHW. In the combineldosimfilter and Aquatabs system, the primary purposenef
Kosimfilter is to remove turbidity, while the primaryppose of the Aquatabs is to
disinfect. Therefore, it would be worthwhile todemstand if there is a cheaper and more
efficient means of removing the turbidity. As diseed in this thesis, there are many
challenges associated with working with H@simfilter. The most important challenge
has to do with the flow rate. According to thevayrresponses, the average household
only filters 23.5 L per week. This value is noffgient for households with
approximately 12-14 people. With alum+Aquatabsjdatolds could produce
significantly more treated water.

However, similar to th&osimfilter, there are also certain challenges assediatith

alum. From speaking with locals in Northern Ghanany people do not like the taste of
alum and some said it caused them to have diarfHeaever, if Aquatabs were added
to water that had already been treated with albem the taste complaint might be
mitigated (every survey respondent in this stuklgdithe taste of the Aquatab dosed
water). Moreover, the issue of alum causing desaris likely due to overdosing, so it
could potentially be overcome with proper dosidgother challenge is that people in
Northern Ghana tend to like durable products they bnly have to purchase once and
can then use for a long period of time, compardad eonsumable products that must be
repeatedly purchased (Green, 2008). However, airtalalum, Aquatabs are
consumables. So any household that prefers dunadiér treatment technologies over
consumable products would likely not use the combiKosimfilter and Aquatabs
system anyway.
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Table 33: Cost Comparison Among Different TreatmeniTechnologies Evaluated at Net
Present Value (NPV)

Cost (GHC)'
Treatment Capital Weekly Cost After | Cost After 5 | Cost After
System Cost Cost 1Year Years 11+ Years
Alum+Aquatabs 0.09 4.50 17.50 28.00
Kosim+Aquatabs 17.50 0.04 19.20 24.00 28.00
Kosim only 17.50 17.50 17.50 17.50

Furthermore, when the cost is factored in, the gdoetbalum and Aquatabs system is
significantly cheaper than thésimfilter and Aquatabs system. Most rural community
members already have storage vessels and portaddels for water collection.
Therefore, there is no capital cost associated thighcombined alum and Aquatabs
system. Each Alum ball costs between 10 and 3évwees (GHC 0.10 and 0.30), which is
the equivalent of 10 and 30 cents (Alum Fact SI#887, Included in Appendix H).
These alum balls are able to treat two containe4® . of water. For comparison, the
Kosimfilter costs GHC 15-20 as a one-time cost (or apipnately US $15-20). For
calculations, it was assumed that both combinetésysare used to treat the amount of
water produced from the regular use of Kusimfilter in one week (23.5 L). Kosim
price of GHC 17.50 and an interest rate of 14.258tevused (Bank of Ghana, 2008).
Additionally, a cost of GHC 0.20 was used for ealthm ball and GHC 0.03 for each 67
mg Aquatab.

From Table 33, the combined alum+Aquatabs systaffasdable. Bringing repeated
costs back to the Net Present Value (NPV), it waalke 5 years for the alum+Aquatabs
system to be as expensive asKlosimfilter alone. Furthermore, it would take 11.25
years for the alum+Aquatabs system to be as expeasith&osimtAquatabs system.

The real benefit of the combined alum and Aquasaistem is that it could potentially
provide significantly more water than the combik@simfilter and Aquatabs system.
Some additional benefits of the combined alum aqdatabs system is that alum is
already widely used in Northern Ghana, and has fwemlong time. With a rural
sample size of 119, Green found that 44% of rutarians in Tamale area currently use
alum (Green, 2008). Therefore, similar to the coratdKosimfilter and Aquatabs
system, the communities would only need to be eedaan one new product. Also,
Ghanians tend to appreciate practices that have fesssed down through the
generations, so there is already a certain amduespect for the use of alum as a water
treatment process (Alum Fact Sheet, 2007).

There are some problems associated with this cardiggstem. For one, it requires a
significant amount of work to stir the alum coagni]avait for the particles to settle, and
then decant the treated water. Secondly, if naedwoperly, then all of the turbidity
may not be removed, which would affect disinfectioaste and inappropriate dosing
issues have already been highlighted.

11 GHC = 1.025 US Dollar on May 19, 2008.
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In order to assess the technical performance agdagseptability of a combined alum
and Aquatabs system, one should perform a simitazgglure to the one outlined in this
thesis, while at the same time correcting for tiuelyg design limitations already
highlighted. ldeally, communities of varying ecamo classes could be targeted, who
use dugouts as their primary water source and wbamuoly Guinea Worm Cloth Filters
and alum as their water treatment technologiese Wawuld also want to include middle
and upper-class demographics who are suppliedmiithicipal water serving as potential
control.

It would also be important to sell—not donate—theraand Aquatabs to the community
members. One of the limitations of this study Wesd the Aquatabs were given away for
free, which generated certain biases when followipgvith the community members.
The present study design sought to take advanfape 69 households in Kalariga and
Kakpagyili in possession ¢fosimfilters and sought 100% participation of those
households by giving each participating househdtk-amonth supply of free Aquatabs.
The combined alum and Aquatab study design cousit wbuseholds who already use
alum for water treatment, educate those houseladddst Aquatabs, and sell them a
specific quantity for the duration of the studyedduse they are no longer free, there will
not be 100% participation; however, it is thoudtattby conducting the study this way,
the user acceptance results would be more inde#tan with free distribution.

As a pilot study, the researcher could sell onp sfrten Aquatabs to each household.
This would only amount to a cost of 30 pesewas (@8D) in addition to the cost of the
alum balls, which many households would likely béedo afford. It would also be
enough for a two week pilot study (one week sunvgyeducating, distributing, and
testing the alum only water, and another week simge inquiring, and testing the alum
and Aquatab water). If this test were completediould provide the user acceptability
results (in addition to water quality results) resagy to determine if this combined
system is more or less appropriate than the cordiosimfilter and Aquatabs system.

Additionally, the survey alterations described acton7.1.2 Improvements to Survey
Processshould be made.

8.2 Further Education of Kosi Filter Owners

From the data in this report, there are severabvwaymprove the effective use of the
Kosimfilter. For one, the households should be maderawf the benefits associated
with allowing dugout water time to settle in thefireatment, storage vessels. This
thesis and other research highlight the water tyulaéinefits associated with gravity
settling. If the households were told to allow &ieast one day of storage time, the
water added to thikosimfilters would have significantly reduced turbid{&5-66%,
Doyle, 2007, Loslebon, 2008) and microbial contation, which would result in
cleaner filtered water and would also prolong tfeedf the filters and lessen the
frequency of cleaning needed, as they would bedesseclogged. This consideration is
entirely possible as many households have muliyalier storage vessels. If they filled
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each vessel at a different time, then they couttlyeansure that gravity settled water was
always available.

Another consideration pertains to the frequencythafilter is filled. As described in
the previous sections, the optimal means to olfil&#ned water is to continually fill the
filters for a period of time, then to empty the smuwater, clean the filters, and repeat.
While this is understood by PHW, it was not welhgounicated to the households
visited in this study. Therefore, the salespeémd®HW and community liaisons should
ensure that this point is highlighted during comityupresentations and follow-up visits.

If these two strategies were explained to the conities, then the users could potentially
produce more water of better quality, which woublth&nce the perception of tk@sim
filter technology.

8.3 More Frequent Interaction/Follow-up with Village Volunteers

Another need for PHW is to have mandatory followwigits with communities
possessingosimfilters. In one community surveyed in this repevhich had had their
filters for one year), 21% of the filters were beokand 17% were broken to the point
where they were no longer functional. All of théseakages were easily replaceable and
the community members were willing to purchase paws. Therefore, to ensure that
households are able to continually use functiofiiteys, it is important for PHW staff to
perform regular follow-up visits with the villagmisons. Currently, follow-up visits are
performed. However, there needs to be a systemevdmenmunities can purchase new
parts at designated times. For example, perhapsecmities should be revisited every
six months. If the community members knew thay tt@uld purchase new parts every
six months, then they could depend on their filteg fixed at that time. Another
option would be to distribute parts to the villdgésons, have him/her sell the parts, and
then collect the money directly from the villagdwaeer during the follow-up visit.

This would allow households to continually havedtioning filters.

8.4 Focus on Seasonal Trends in Sales

The primary means of income for many rural Ghaniaridorthern Ghana is by selling
their crops after the harvest. However, due tost#esonal rainfall trends and the lack of
irrigated agriculture, the harvest only occurs oinclorthern Ghana (from September to
Juanuary). Once the crops are harvested, thesolden the market within the next
couple of months. As a result, many rural Ghanianike Northern sector spend most of
the year without available cash, but have an abwelaf money at a certain point in the
year. PHW could greatly enhance their sales ial ragricultural communities if they
were able to take advantage of this seasonal trefiiances.
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9.0 Closing Words

A pilot study of 59 households in two communitiesat#&tiga and Kakpagyili in
Northern Region, Ghana—was conducted by the autbgether with local guides and a
translator, during January, 2008. The study camsii both the technical efficacy of the
combinedKosimand Aquatabs treatment system and its user atiiptaKey findings
are that the system is an effective household syatal is accepted by the users. The
addition of Aquatabs removed 50% of TC from Kasimfiltered water and the
percentage of households with no TC increased #4% to 64%, as a result of using
Aquatabs. Furthermore, households unanimouslyoapprof both the taste and
treatment level of Aquatab dosed water. It isuafe for implementation in Northern
Ghana, particularly to lower and lower middle-classnmunities and may be more
widely applicable to other market segments as well.

129



10.0 References

3M Petrifilm. 2001 E. coli/Coliform Count Plate: Interpretation Guidaccessed 9 May
2008.
<http://multimedia.mmm.com/mws/mediawebserver.d@eBB60Zjcf6IVS6EVs66
6530COrrrQ->.

About, Inc. 2007Geograph and Map of Ghanal’he New York Times Company.
Accessed 9 Dec. 2007. <http://geography.about.dmrar/cia/blcghana.htm>.

Aimiuwu, V. “A Ceramic Storage System Based on Erapive Cooling.” Physics
Department, Univ. Benin. Benin City, Nigeria. V84. 1993

Alum Fact Sheet. 2007Aluminum Sulfate (Alum) Coagulation Household Water
Treatment and Safe Storage (HWTS) Product and hmgiéation Fact Sheet
Internal Document.

Ampomah, Ben Yawmplementing Integrated Water Resource ManagentafiRif) in
Ghana- The case of the Densu Basin Pilot Projétter Resources Commission,
Accra, Ghana. 2004.

Bakhir, V.M. “Issues of chemical composition anceogiing properties of chlorine based
inorganic liquid chemical germicides.” VNMT Magagi, #4. The Russian
Scientific & Research Institute for Medical Enginiag. 2004. Available at
<http://www.bakhir.com/publications/10-HCIO-NaClOtkle.htm>.

Bank of Ghana. 20084onetary Policy—Prime Rate Graplccessed 9 May, 2008.
<http://www.bog.gov.gh/index1.php?linkid=254>.

Blanton, L. 2006.The Health Impact Study of Aquatabs in Tamale (&kwoprogress)
The Center for Disease Control.

(BBC) British Broadcasting Company. 20@%erage Conditions: Tamale, Ghana
Accessed 9 Dec. 2007.
<http://www.bbc.co.uk/weather/world/city _guidesliks.shtml|?tt=TT000250>.

Brown, J. “Effectiveness of Ceramic Filtration @rinking Water Treatment in
Cambodia.” PhD Thesis. Department of Environmebtiences and Engineering.
University of North Carolina, Chapel Hill. June®@O

Brown, J. and Sobsey, Mise of Ceramic Water Filters in Cambodizniversity of

North Carolina School of Public Health abdpartment of Environmental Sciences
and Engineering. UNICEF. August 2007.

130



(CDC) Center for Disease Control. 2008hlorine Residual Testing Fact Sheet
Available at
<http://www.cdc.gov/safewater/publications_pagesitheresidual.pdf>.

(ICAITI) Central American Research Institute of Ustrial Technolgy. (1984).
Identification and Evaluation of Design Alternatvior a Low Cost Domestic Filter
for Drinking Water.

(CIA) The Central Intelligence Agency. 200The World Fact Book: United States
Accessed 9 Dec. 2007. <https://www.cia.gov/libnamplications/the-world-
factbook/print/us.html>.

(CIA) The Central Intelligence Agency. 2008he World Fact Book: Rank Order-Infant
Mortality Rate Accessed 9 Mar. 2008
<https://www.cia.goV/library/publications/the-wotld
factbook/rankorder/2091rank.html>.

(CESCCO) Centro de Estudios y Control de Contant@sari999. Informe de Analisis.
Honduras.

CIRA-UNAN (Various Dates 1992 — 2001). ResultadasmMticos de Microbiologia.
Universidad Nacional Autonoma de Ncaragua, Cerdra fa Invetigacion en
Recursos Acuaticos de Nicaragua.

Da Vinci, L. Aquatabs: Water is the Driving Force of Naturledentech Ltd. Wexford,
Ireland. 2006

Dia, Alioure. *KosimFilter Distribution in Kalariga,” e-mail messadgpril, 10, 2008.

Dies, R. “Development of a Ceramic Water Filter f@pal.” Master of Engineer Thesis.
Department of Civil and Environmental Engineerindassachusetts Institute of
Technology. June 2003.

Donachy, BManual/Guide for Health Trainers and Others Invalve the Monitoring of
the Colloidal Silver Ceramic Water FiltelPotters for Peace. 2004.

Doyle, Kelly. 2007 Water Quality of Dugout Water in Northern Regiona@a
and Methods to Reduce Turbidity, Microbes and &aiworm Internal Report,
MIT.

Earth Trends. 2003. Economic Indicators—Ghana.essed 9 Dec. 2007.
<http://earthtrends.wri.org/pdf_library/country_ files/eco_cou_288.pdf>.

(FAO) Food and Agriculture Organization of the WwitNations. 2007Special

Programme for Food SecurityAccessed 9 Dec. 2007.
<www.fao.org/SPFS/ghana_en.asp>.

131



Foran, M. “An analysis of the time to disinfectiand the source water and
environmental challenges to implementing a solsiné&ction technology
(SolAgua).” Master of Engineer Thesis. Departmdr€ioil and Environmental
Engineering. Massachusetts Institute of Technolalpyne 2007

Fowler, Floyd JrSurvey Research Method8pplied Social Research Methods Series,
Volume 1. 1993 Sage Publications, Inc.

Gallagher, D. 1996Safe Drinking Water ActAccessed 9 Dec 2007.
<http://www.cee.vt.edu/ewr/environmental/teach/witm@r/sdwa/sdwa.html>.

GSB. (1998)Ghana Standards 175 Part 1:199&/ater quality — requirement for
drinking water

Ghana Standards Board (GSB). 208ystem certificatiomAccessed 8 Jan. 2007.
<http://ghanastandards.org/GSB_cert.htm#prod>.

Ghana Statistical Service (GSS), Noguchi Memonatitute for Medical Research
(NMIMR), and ORC Macro. 20045hana Demographic and Health Survey 2003.
Calverton, Maryland: GSS, NMIMR, and ORC Macro.

Green, V. “Household Water Treatment and Safe §e@yptions for Northern Region,
Ghana: Consumer Preference and Relative Cost.”dvlafEngineer Thesis.
Department of Civil and Environmental Engineerindassachusetts Institute of
Technology. June 2008.

Hach. 2006Digital Titrator Model 16900 24" Edition. Available at
<http://www.hach.com/fmmimghach?/CODE%3A1690008_R4H0509%7C1>.

Howard G., and Bartram L. 2004. Domestic Water QitigrService Level and Health:
Establishing a Health-Based Guideline. WHO. Aced<sDec 2007
<http://whglibdoc.who.int/hq/2003/WHO_SDE_WSH_03/£>.

Hwang, R. “Six-Monst Field Monitoring of Point-Ofdg Ceramic Water Filter by Using
H2S paper Strip Most Probable Number Method in Bamcisco Libre,
Nicaragua.” Master of Engineer Thesis. Departnoé@ivil and Environmental
Engineering. Massachusetts Institute of Technolalpyne 2003.

(IMF) International Monetary Fund. 2007. AccesSddec 2007. <www.imf.com>.

Jackson, Mary Kay, letter, addressed to Susan Miday 5, 2008.

Jackson and Murcott. 200Household Water Treatment and Safe Storage (HWTS)
Pure Home Water — Product Technical Specificatibee® Internal Document.

132



Johnson, S. “Health and Water Quality Monitorifid?are Home Water’'s Ceramic Filter
Dissemination in the Northern Region of Ghana.” tdasf Engineer Thesis.
Department of Civil and Environmental Engineerindassachusetts Institute of
Technology. June 2007

LabShop. 2008Whirl-Pak* Speci-Sponge* Environmental Sampling Bdgsco*.
Accessed 9 May 2008. <http://vwrlabshop.com/wpak-speci-sponge-
environmental-sampling-bag-nasco/p/0006483/>.

Laboratorio de Microbiologia de Alimentos (21-7-838Ministerio de Prevision Social y
Salud PublicalLa Paz, Bolivia.

Lantagne, Daniele S. (2001) “Investigation of tlwté&s for Peace Colloidal Silver
Impregnated Ceramic Filter — Report 1: IntrinsiéeEfiveness”. Alethia
Environmental. Allston, MA. Available at <http:Avwv.edc-cu.org/pdf/reportl-
final.pdf>.

Lantagne, Daniele S. (2001a) “Investigation of Pmdters for Peace Colloidal Silver
Impregnated Ceramic Filter — Report 2: Field Inigegtons”. Alethia
Environmental. Allston, MA. Available at <http:6fiersforpeace.org/wp-
content/uploads/alethia-report-2.pdf>.

Losleben, T. “Pilot Study of Horizontal Roughingdtftion in Northern Ghana as
Pretreatment for Highly Turbid Dugout Water.” Masté Engineer Thesis.
Department of Civil and Environmental Engineeridassachusetts Institute of
Technology. June 2008.

Mattelet, C. “Household Ceramic Water Filter Evaioia Using Three Simple Low-Cost
Methods: Membrane Filtration, 3M Petrifilm and Hgden Sulfide Bacteria in
Northern Region, Ghana.” Master of Engineer Thd3epartment of Civil and
Environmental Engineering. Massachusetts Instéifeechnology. June 2006.

(MAP) Medical Assistance Programs Internationa®88).Final Report on the Water
Filter Project. No. 518-0015-G-3049-00 and No.518:8-G-00-4073-01 & 02.
Quito, Ecuador.

Marsland, N., Wilson, I., Abeyasekera, S., Kleih,2000. “A Methodological
Framework for Combining Quanitative and Qualitatuervey Methods.” Available
at <http://www.reading.ac.uk/ssc/publications/gsidega.pdf>.

Medentech Ltd. Materials Data Safety Sheet (MSD8juatabs 67mg.” 2001.

Medentech Ltd. “Aquatabs: Technical Report”. Wesgfdreland. Nov, 2006

Medentech Ltd. “Tanzania: The Aquatabs Experién®exford, Ireland. Nov, 2006a

133



Medentech Ltd. “Contribution to the Millennium Ddopment Goals & Ghana.” Accra,
Ghana. Feb 2007.

Medentech Ltd. 2008roducts: AquatahsAccessed 09 May, 2008.
<http://www.medentech.com/product_info.cfm?ID=1>.

Medentech Ltd. 2008a, Edmondson, Paul, “Aquatab Brailable Chlorine Levels”, e-
mail message, April 2, 2008.

Medentech, Ltd. 2008b, O’Callaghan, Kevin, “Aquatdt Ghana”, e-mail message,
April 28, 2008.

(MEI) Metcalf & Eddy, Inc. (1991). Wastewater Engering: Treatment, Disposal, and
Reuse: Third Edition. New York, NY. McGraw-Hill¢.

Molla, N.A., Hossain, A., Edmondson, P., Shipin, Z006. “Pilot Study on the Effect of
an Intervention Using Sodium Dichloroisocyanuragbl€ts (Aquatabs) for
Drinking Water Treatment in Dhaka, Bangladesh.’cégsed 9 Dec 2007.
<http://www.who.int/household_water/resources/MqitH>.

O’Callaghan, K.Aquatabs: NewsMedentech Ltd. Wexford, Ireland.

Okioga, T. “Water Quality and Business Aspects afl&t-Vended Water in Tamale,
Ghana.” Master of Engineer Thesis. Department @il @hd Environmental
Engineering. Massachusetts Institute of Technoldgge 2007

Peletz., R. “Cross-Sectional Epidemiological Stodyater and Sanitation Practices in
the Northern Region of Ghana.” Master of Engindeedis. Department of Civil
and Environmental Engineering. Massachusetts untataf Technology. June 2006.

Piaskowy, S. “Ceramic Water Filters in Ouagadoudurkina Faso”. Personal
communication. May, 2008.

Potters for Peace (PFP). 2008. Accessed 9 May. 200://pottersforpeace.org/>.

Reporte No. 1. Proyecto "Uso de Aquatabs”, en CatawinTierra Blance, Santa
Barbara. Christian Children’s Fund of Honduras/Egimercial S.A., Tegucigalpa,
Honduras (WD2A)

Rivera, R. 2008Ceramic Weapons of Mass Bacterial Destruction: picetl locally to
help make water potable at the household levelldmode Accessed 9 May, 2008.
<http://www.changemakers.net/en-us/node/5662>.

Russell, A.D. and W.B. Hugo (1994 ntimicrobial Activity and Action of Silver.
Progress in Medicinal Chemistry. Volume 31.

134



Silver, S. (2003) “Bacterial silver resistance: awllar biology and uses and misuses of
silver compounds”, Department of Microbiology amanhunology, University of
lllinois, Chicago.

Shepard, Anna. (1968) Ceramics for the ArchaedloGiarnegie Institution of
Washington. Washington, DC. Publication 609.

Smith, Amy, Lecture given at 2.500 Desalinatiorss|adCambridge, MA, April 11, 2008.

Smith, A. 1998. Technical Report. WHO Project: BEMVS 001. Available at
<http://socrates.berkeley.edu/~asrg/WHOReport3.pdf>

Stevenson, Matt, e-mail message, April 28, 2008.
Sung, Windsor, e-mail message, May 14, 2008.

(UN) United Nations. UndatedIN Millennium Development Goal&ccessed 9 Dec.
2007. <http://www.un.org/millenniumgoals/>.

(UNICEF) United Nations Children’s Fund. 200&t A Glance: Ghana Accessed 9
Dec 2007. <http://www.unicef.org/infobycountry/glaastatistics.html>.

(UN-DESA) United Nations Department of Economic &utial Affairs. “The
Millenium Development Goals Report.” June, 200@akable at
<http://mdgs.un.org/unsd/mdg/Resources/Static/Rritsdarogress2006/MDGRepor
t2006.pdf>.

(UN-NGLS) United Nations Non-Governmental Liaisoer@ce. 2007Questions and
Answers Accessed 9 Dec. 2007.
<http://www.un-ngls.org/MDG/Q&A.htm>.

(USAID) United States Aid for International Devetopnt (2001)Hurricanes In Central
America and the Carribearccessed 11 Dec, 01 <http://hurricane.info.usai>go

(USAID) United States Aid for International Devetopnt (2001a)USAID Nicaragua
Supplemental Reconstruction Programs: Responseitaddne Mitch, October
1998. Status as of June 30, 20@4ccessed 11 Dec, 2001.
<http://hurricane.info.usaid.gov/ghr_nic_jun0l.doc>

(USEPA) United States Environmental Protection Agye2005.National Primary
Drinking Water Regulations: List of Drinking Wat€ontaminants and MCLS
Accessed 9 Dec 2007. <http://www.epa.gov/ogwdwimticll>.

(WHO) World Health Organization. 199Guidelines for drinking-water quality n@
Edition: Volumel Recommendatio@eneva.

135



(WHO) World Health Organization. 200&/HO Guidelines for Drinking Water Quality,
3rd edition Geneva: World Health Organization. Available at
<http://www.who.int>.

WHO/UNICEF. 2006Joint Monitoring Programme (JMP) for Water Supphda
Sanitation Accessed 9 Dec. 2007. <http://www.wssinfo.orfyehcome.html>.

World Factbook. 2007 ountry Comparison: Life Expectancy at Bir@IA. Accessed 9
Dec. 2007. <http://www.indexmundi.com/g/r.aspx?c&gh30>.

Van Halem, D. “Ceramic silver impregnated pot f#téor household drinking water
treatment in developing countries.” Master's Thdsaulty of Civil Engineering.
Delft University of Technology, Netherlands. JWB©6.

Zen Backpacking. 200Zen Water Purification, Filtration and TreatmenfAccessed 9
May, 2008. <http://zenbackpacking.net/WaterFilterfiarTreatment.htm>.

136



11.0 Appendices

Appendix A: Instructions for Use of Kosim filter (PFP, 2007)

Plastic top

Plastic
faucet

Plastic
receptacle

1. Washing the RECEPTACLE

Wash your hands with soap .
Attach the spigot (faucet) to the plastic receptacle.

Fill the receptacle one quarter full with water and add two
tablespoons of chiorine bleach.
Leave this for thirty minutes to disinfect the plastic receptacle.
Use this water to wash the entire inside of the plastic receptacle
and the lid with a brush or cloth.
Drain the water out through the spigot to disinfect.

If you do not have bleach, wash the receptacle and lid with soap
and water as described above.
You can use either filtered or bolled water to rinse.

HOW TO USE YOUR FILTRON

2) Place the plastic
receptacle in a location
that is stable and out of

4) If your water is
turbid, strain it through
a clean piece of fine

the way of activity.

Using both hands on the
edge of the clay filter,
place it on the mouth

of the receptacle.

3) To get rid of the
clay taste of the new
filter, fill it with water and
drain through the
spigot. Repeat until all
taste is gone.

cloth. Tie the clath
in place around the
outside of the plastic
receptacle,

5) Keep your filter
filled and covered
at all times.

The filter will flow more
rapidly (one to two liters
per hour) if it is kept full,

Remember: Before
serving water wash your
hands and cups with
soap.

HOW TO CLEAN YOUR FILTRON

Cleaning your CLAY FILTER

1) When the flow rate decreases,
it is a signal that the pores of the
clay filter are clogged.

To wash:

* Do not lift the clay filter
when it is full of water Wait
until the clay filter is empty
and there is filtered water in
the plastic receptacle.

= Wash your hands with soap.

* Remove the clay filter from
the plastic receptacle and
put it on a plate that has been
washed with filtered water,

Paour a few inches of filtered
water back into the filter,
Scrub the filter with a stiff

laundry brush on the inside
and outside to remove any
debris or parficles.

Do not worry if some of the
clay comes off. It means
you are scrubbing well.
Rinse with filtered water
until the water is clear,

Attention! Never use
chlorinated water or
soap to wash the clay filter.

do.

Attention:
generally functions well for a
year and a half or more. If you
have problems, contact the
organization that distributed
your filter for advice on what to

2] Washing the
PLASTIC RECEPTACLE

Wash the plastic receptacie

each month with chlorinated
water or with soap as explained

in part 1. Once you have finished
washing, return the clay filter to
the plastic receptacle to begin use.

The Filtron filter
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Appendix B: Medentech’s Instructions for Use of 67 mg Aquatabs

Aquatabs® 67mg Instructions é

m

12
6
Wait 30 minutes 2
Add 1 fabletto 20 Water is now Ready

Litres of water_ Cap container

Is your Water Dirty
Looking?

Filter the water through Add 2 tablets to

cloth. 20 Litres of water.  Cap container Wait 30 minutes Water is now Ready

Remember: Do not swallow tablets and always keep your water container tightly closed ‘

Instructions & Pictures compiled with thanks fo CDC (Centers for Disease Control and Prevention) and PSI (Population Services International)
Medentech Ltd., Co. Wexford, Ireland Tel: +353 53 9160040  Fax: + 353 53 9141271 E-mail : enquirv@medentech.com  Web: www.medentech.com
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Appendix C: Baseline Survey
Ghana Household Survey: Initial, Baseline Survey

* My name is Andrew Swanton, | am a student from Mithe United States, and |
am doing research on the Kosim filter

» Participation in this study is voluntary; you magctine to answer/stop survey at
any time, and the Aquatabs will be taken away

» All information will be kept confidential

* Please be honest with responses

* Do you understand? Are you willing to participate?

Yes
No (If no, thank and close)

Name of person interviewed

Last Name First Name(s)

Age and gender of respondent:

Household status:

Filter Use
1. Can you show me the water you use for drinking?
OBSERVE:
a. Is the ceramic filter installed in the unit?
b. Is the filter covered with a lid?
c. How much water is in the receptacle?
2. From where do you collect water?
3. Is your filter working?
4. When did you purchase your filter?

5. Do you ever drink unfiltered water?

a. If yes, why?

o

Can you show me the water that you use for coolislgés/washing hands?

a. Where does this water come from?
b. Do you filter this water?
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OBSERVE:
c. Does the water appear turbid?
d. Is the water being stored in a covered container?
7. How many times per week do you add water to tharkditer?
Filter Maintenance
8. When was the last time you cleaned the filter ddstorage unit?
9. Did the sales person give you materials to exgiaw to clean the filter?
a. If yes, can you please show me these materials?
10.Did this person come to your house and show you toosiean the filter?
11.Can you act out for me how you clean the filter?
OBSERVE:
a. Do they use the provided brush?
b. Did they clean the storage unit?
c. Did they use soap and filtered water to clean tbeage unit? (SHOW US)
Perception
12. Do you like the taste of filtered water?
13. Is the filter easy to use?
14. Have you had any problems with the filter bregR
If yes, can you show me what the problem is/was?

15. Before you got the filter, did you treat thetevaat all?

If so, how?
Did that work?

16. When was the last time someone in your houdalizerhea?
a. how old was this person?

Thank you!
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TAKE WATER SAMPLES FOR ANALYSIS IN THE LAB
Take a sample of the raw water and if they treat water take a sample of that also.

e Sample numberonbottle.............c.ccooii i ORaw water OTreated water

e Sample numberonbottle...............ccooii i ORaw water OTreated water

Remember to keep the samples in the cooler and do not expose the bottles to sunlight. They must
be kept in a cool and dark place until analysis.
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Appendix D: Follow-up Survey

Ghana Household Survey: Follow-up of Households Usy the CombinedKosim

Name of person interviewed

Age and gender of respondent:

Filter and Aquatabs System

My name is Andrew Swanton, | am a student from MiThe United States, and |
am doing research on the Kosim filter

Participation in this study is voluntary; you masctine to answer/stop survey at
any time, and the Aquatabs will be taken away

All information will be kept confidential

Please be honest with responses

Do you understand? Are you willing to participate?

Yes
No (If no, thank and close)

Last Name First Name(s)

Household status:

1.

7.

8.

Did you use the provided Aquatabs to treat yournkdinig water?

a. If no, why not?
b. OBSERVE: Approximately how much water is in thery&an?

How many times in the past week have you used Axdps&t
Did the Aquatabs improve the taste of the water?

Are the Aquatabs easy to use?

Have you had any problems using the Aquatabs?

Would you spend 3 GHC for 100 Aquatabs? (remindithigat Aquatabs will
continue to be provided for free for the duratidhe study)

a. If no, what do you think a fair price for 100 Aqahs is?
Would you recommend the use of Aquatabs to others?

Has anyone in your household had diarrhea recer@lyitd/adult?

Thank you!

142



TAKE WATER SAMPLES FOR ANALYSIS IN THE LAB
Take a sample of the raw water and if they treat water take a sample of that also.

e Sample numberonbottle.............c.ccooii i ORaw water OTreated water

e Sample numberonbottle...............ccooii i ORaw water OTreated water

Remember to keep the samples in the cooler and do not expose the bottles to sunlight. They must
be kept in a cool and dark place until analysis.
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Appendix E: Instructions for Hach Digital Titrator

1. Insert aclean
delivery tube into a
(00564 N Ferrous
Ethylenediammonium
Sulfate (FEAS) Titration
Cartridge. Attach the
cartridge to the titrator
body. See General
Description, Step-ly-
Step, for assembly

instructions, if necessary.

A

5. Place the delivery
tube tip into the solution
and swirl the flask while
immediately titrating
with FEAS to a colorless
end point. Record the
number of digits
required.

Note: Complete the
titration rapicly

2. Turn the delivery

3. Pipet 25.0 mL of

knob to eject a few drops  sample into a 50-mL

of titrant. Reset the

counter to zero and wipe

the tip.

Naote: For added
comenience use the
Titra Stir® Stir Plate. See
General Description,
Step 3 in Step-by-Step.

6. Calculate:

Digits Required x 0.01 =
ma/L Free Chlorine

Erenmever flask.

mgiL Tatal Chlorine
= mg/L Free Chlorine
mygiL Cambined Chlarine

7. If total residual chlo-

rine 1s desired, return to
step 3 and substitute a
DPD Total Chlorine

Powder Pillow in step 4.

Wait three minutes be-
fore titrating. Continue
with step 5. The results
will be expressed as
mg/L total chlorine.
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4. Add the contents of a
DPD Free Chlorine
Powder Pillow to the
sample and swirl to mix.

Note: Accuracy is
unaffected if a small
portion iz undissolved.

Note: See Sampling and
Storage following
thess steps.



Appendix F: Technical Specification Sheet for Kobilter

Kosim Ceramic Pot Filter
Household Water Trearment and Safe Storage (HWTS)
Pure Home Water - Product Technical Specification Sheet

by Mary Kay Jackson and Susan Murcoit
October 2007

Technology
Brief description of the technology (ies), including supplies needed.

The Kosim filter is 2 ceranuc pot filter manufactured m Ghana. The filter unit consists of
a fired clay pot filter element, a plastic bucket storage umt with a tap and a cover. The
only other supplies needed are a brush used for cleaning the filter element and soap and
filtered water used to clean the storage unit.

The Kosim filter element is a flower pot-shaped filter measuring 3 lems in diameter with
a depth of 24cms. These filters are made from red clay and wood saw-dust which gets
muxed, pressed in a hydraulic press and fired in a kiln. The surfaces 1nside and out are
treated with 1 cc of 3.2% colleidal silver in 300ml of water. Volume of the filter element
15 9 liters. Tests on a filter element produced in Ghana indicate that the pore size of the

Eozim Ceramic Pot Filtar lafs 3007
Technical Specifications
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filter element is on the erder of 40 pm (42.63 pm). * The filter elements are made in

Ghana.

The filter element sits atop a HDPE plastic storage receptacle with a volume of

approximately 30 liters. The storage receptacle has a ring that sits on top of it to hold the
filter element. The filter element and storage receptacle are then covered by an HDPE lid.
The storage receptacles and lids are made in Ghana.

The storage receptacle is fitted at the bottom with a plastic spigot to allow filtered water
to be removed from the storage receptacle for use. The spigot, or tap, comes in two
forms: a tabbed, spring loaded valve or a quarter-turn ball valve. The spigots are sourced
cutside Ghana from one of several suppliers.

What contaminants does it remove?

Water quality tests conducted in January 2007 assessed the effectiveness of the Kosim
filters in the field * Results for three bacterial tests and for turbidity are summarized
below in Table 1 and Table 2 for traditional and modemn commumnities. The percent
removals are for paired samples from households with filters.

Table 1. Traditional Communities

Percent Removal

Water Guality Test Source Water Filtered Water {paired samples)
Awerage E. Coli 500 (35 samples) 25(18 samples) | 20.7%
I CFUMZOmL
Membrane Filration —
Awerage Total 23,000 (27 samgles) | 170 {17 samples) | 20.4%

Coaoliform CELUA00mL

Average E. Coli

_3'!'.‘ :'E'.rifilm_ CRUMDOmL 330 0

Hydrogen Suffide Bacteria Egif;ifc e o7 (3031) 13% 278 8T% (1315)°
Presence/Absence g:ngt-f for HZS 3.2% (1131) 88% (14116) (
Turbidity Average NTUs 180 (33 samples) 11 {18 samples) s

"Percentage of samples that

tested positve in the source water and negative in the filkered water.

! Mahin, Tom, “Feview of Thesis “Ceramic silver impreznated pot filters for houssheld

drimking water

treatment m developing countries” by Doris van Halem”, Memeorandum to Susan Mureott, 3

Jan. 2007,

! Johnson. Sophie M., et al, “Pure Home Water Ceramic Filter Project Evaluation 1n Northern
Eegion, Ghana”, unpublished paper submitted for presentation at the 33rd WEDC
Imternational Conference. Accra, Ghana, 2008

Kozim Ceramic Pot Filter
Technical Specifications
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Table 2. Modern Communities
. - Percent Removal
Water Guality Test Source Water Filtered Water (paired samples)
Average E. Coli - e
Membrans Filration CFUMD0mL 14 o E5%
(8 samples) Average Total 1500 150 [
Caolifoem CEU100mL T - o
Average E. Colf iy
3M Petrifilm CFUI100mL ¢ o =
{7 samples) Ayerage Total asn - .
Caoliform CFLUA00mL - = te
Positve for HZS P -
Hydrogen Suffide Bacteria | Bacteria 9% [27) % (077 100% (117
Presenca/fbsence Meqath e i T
gatwe for HZS & e P
Bacteris T1% (5T) 100% (7IT)
Turbidity Average NTUs 4.8 (7 samples) 14 (7 samples) 8%

"Percentage of samp'es that testzd pesitve in the source water and negatve in the filtered water

How does it remove contaminants?

Particles, bacteria, guinea worm Cyclops and protozea are removed by physical straining,
and also by other mechamisms including sedimentation, adsorption, diffusion, inertia, and
turbulence. The filter element is treated with colloidal silver which may act as a
bactericide and viricide.

Capacity (flow or volume)?

The clean filter rate 15 1.0 to 2.5 liters/hour. Each filter 1s individually tested by the
manufacturer. If a filter does not meet this flow rate requirement at the time of
production, it is destroved. As a filter element 15 fouled, the flow rate diminishes to 0.5
liters/hour, but flow rate is recovered upen cleaning of the filter.

Replacement period?

The filter element should be replaced every three to five years. Replacement 15 indicated
by a reduction in the recovery rate of filtration upon cleaning, or upon breakage of the
filter element. The plastic buckets have a life of 10 vears or more. The tap can be
replaced if necessary due to breakage or fatigue failure.

Cost of technology (ies) per unit
Capital: GHg 15.00, including filter and appurtenances and transportation.
O&M: GH¢ 4.50p for filter element replacement, GHg 2.00 for tap
replacement

Eozim Ceramic Pot Filter 3 of5 3-0ct-07
Technical Specifications
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Operartion and Maintenance
1. Settle turbid water in a storage vessel before filling the ceramic pot.
2. Keep the ceramic pot filled to the top. This will improve filtration rate.
3. Clean filter with brush provided when flow rate becomes too slow.

4. Clean storage unit with soap and filtered water 1f necessary. Disinfect with
chlorine bleach, iodine or boiling water after cleaning.

Advantages

o Fasytouse

» Water tastes good.

» Keeps water fresh.

® The ceramic filter element helps keep the water cool.

» (Ceramic pots are culturally acceptable, as clay pots are traditionally used for
water storage

» Tocally produced

» (lanfies turbid water and makes it look clear and clean

» Water is collected directly from storage receptacle for use

» Fguipped with a spigot to prevent recontamination

o Ceramic pores are smaller than the size of bacteria and guinea worm cyclops

» (Colloidal silver in the pores inhibits the growth of biofilms

* (One-time purchase provides 3 to 5 vears of drinking water for 2 household

o  Tnexpensive

* (Can be used vear round and at all times of day

Disadvantages

» Highly turbid water can reduce the flow rate to unacceptable levels.
» Filter element is fragile and easily broken.

# Spigots from some manufacturers are subject to fatigue failure.

» FRequires regular maintenance

» TFuel required for filter element production

» Filter must be replaced over time

iy
Ln

3-Oet-07
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NGO/Distributor’

Name:
Contact Person:
Address:

Telephone(s):
Email:

Eozim Ceramiz Pot Filter
Technical Specifications

s Name and Contact Infa
Pure Home Water

Mary Kay Jackson, Program Manager

c/o World Vision GEWP
PMBEB, Tamale, Ghana
0246-560145
marvkay.jackson@yahoo.com

L
=]

=
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Appendix G: Complete Water Quality Results

Converted Water Quality Values

Household # Conumunity Turbidity

EERBEE WD a5 meEw =

PENRESESRER

Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga
Kalariga

TU
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
10
<5
10
<5

300
<5
<5
<5
<5
<5
<5
<5
<5
<5

1st Visit
TC EC
{CFU/100mL) (CFU,100mL)
200 <100
200 <100
1400 <100
12000 <100
500 <100
5800 <100
5800 200
<100 <100
1500 <100
500 <100
11100 100
<100 <100
3300 <100
1600 <100
100 <100
300 <100
=100 <100
=100 <100
3000 100
2700 <100
=100 <100
200 <100
600 <100
200 <100

150

Turbidity
TU
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
200
<5
<5
<5
<5
<5
<5
18
<5

2nd Visit
TC EC Free Cl
(CFU/100mL) (CFU/100mL) (mg/L)
<100 <100 0.43
<100 <100 0.56
160 <100 0
040 <100 0
<100 <100 1.01
<100 <100 =10
<100 <100 0.5
<100 <100 0.97
<100 <100 0.8
300 <100 0
42000 <100 0
<100 <100 1
<100 <100 =10
400 <100 143
<100 <100 1.06
300 <100 0
100 <100 0
=100 <100 o1
200 <100 0
200 <100 1.28
=100 <100 0
400 <100 1.26
Q00 <100 L]
<100 <100 0.43



Household # Conumunity Turbidity TC EC Turbidity TC EC Free Cl
TU  (CFU/100mL) (CFU/100mL)  TU  (CFU/100mL]{CFU/100mL) (mg/L)

25 Kakpagyili 200 <100 <100 <5 <100 =100 0
20 Kakpagyili <5 400 <100 200 <100 =100 34
27 Kakpagyili <5 <100 <100 <5 <100 =100 1
28 Kakpagyili 300 7850 50 <5 <100 =100 0.8
29 Kakpagyili <5 <100 <100 <5 100 =100 0.3
30 Kakpagyili <5 <100 <100 <5 <100 =100 0.95
31 Kakpagyili <5 <100 <100 150 100 =100 0
32 Kakpagyili <5 <100 <100 <5 3600 2200 0
33 Kakpagyili <5 <100 <100 <5 <100 =100 0.8
34 Kakpagyili <5 <100 <100 <5 <100 =100 0.25
35 Kakpagyili <5 3200 <100 <5 400 =100 0
36 Kakpagyili <5 <100 <100 <5 <100 =100 12
37 Kakpagyili <5 500 200 <5 <100 =100 24
38 Kakpagyili <5 <100 <100 <5 <100 =100 151
39 Kakpagyili <5 400 <100 <5 <100 <100 149
40 Kakpagyili <5 400 <100 <5 <100 <100 0
41 Kakpagyili <5 400 100 <5 4100 <100 0
42 Kakpagyili <5 <100 <100 <5 <100 <100 173
43 Kakpagyili <5 30000 <100 10 14000 <100 0
+4 Kakpagyili <5 1000 <100 <5 <100 <100 0.83
45 Kakpagyili <5 <100 <100 300 1750 <100 0
46 Kakpagyili <5 <100 <100 <5 <100 <100 1
47 Kakpagyili <5 <100 <100 200 4200 <100 0.18
48 Kakpagyili <5 <100 <100 <5 <100 <100 0.8
49 Kakpagyili <5 300 <100 <5 <100 <100 12
50 Kakpagyili <5 <100 <100 <5 <100 <100 =10
51 Kakpagyili <5 <100 <100 <5 <100 <100 2.02
52 Kakpagyili <5 <100 <100 <5 <100 <100 0
53 Kakpagyili <5 <100 <100 <5 <100 <100 2.01
54 Kakpagyili <5 24000 <100 300 <100 <100 0
55 Kakpagyili <5 1300 <100 <5 1400 <100 0
56 Kakpagyili <5 200 <100 60 <100 <100 129
57 Kakpagyili <5 33200 200 25 <100 <100 105
58 Kakpagyili <5 <100 <100 <5 500 <100 0
59 Kakpagyili <5 <100 <100 <5 <100 <100 0
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Raw Water Quality Values

Kalariga
Household Initial Visit
Household Number Name Date of 1st Visit|Dilution Ratio|  Turbidity TC EC
(TU) (CFU/mL)|(CFU/mL)
1 Dawuni 10-Jan 1-to-1 <25 2 0
1 {2nd Filter) Davwmnd (2)

2 Katumi 10-Jan 1-to-1 <5 2 0
3 Afishetu 10-Jan 1-to-1 <25 14 0
4 Azaratu 10-Jan 1-to-1 <h 120 0
5 Sanatu 10-Jan 1-to-1 <5 5 0

5 (Pre-Treatment) Sanatu 10-Jan 1-to-1 400 60 2

5 (Pre-Treatment) Sanatu 10-Jan 1-to-10 400 25 1

5 (Pre-Treatment) Sanat 10-Jan 1-to-100 400 2 0
6 Richia 10-Jan 1-to-1 <5 58 0
7 Ssuhini 10-Jan 1-to-1 <5 50 2
8 Safura 10-Jan 1-to-1 <5 0 0
1 Ayishetu 13-Jan 1-to-1 <25 15 0
2 Laabi 13-Jan 1-to-1 <5 5 0
3 Sana 13-Jan 1-to-1 10 110 1
4 Malia 13-Jan 1-to-1 <25 0 0
5 Sanatu 13-Jan 1-to-1 10 33 0
6 Zenabu 13-Jan 1-to-1 <5 16 o
7 Zenabu 13-Jan 1-to-1 300 1 0
8 Mariama 13-Jan 1-to-1 <5 3 0
9 Salifu 13-Jan 1-to-1 <5 0 0
10 Mapaiow) 13-Jan 1-to-1 <5 0 0
n Adeshetu 13-Jan 1-to-1 <5 29 1
12 Yapa(ow) 14-Jan 1-to-1 <5 27 0

12 (Pre-Treatment)| Yapa(ow) 14-Jan 1-to-1 150 49 1
13 Zenabu 18-Jan 1-to-1 <5 0 0
14 Maimuna 13-Jan 1-to-1 <5 2 0
15 Hawa 15-Jan 1-to-1 <5 6 0
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Household Second Visit
Household Number Name Date of 2nd Visit Turbidity TC EC
(TU) |[(CFU/mL)|{CFU/mL)
1 Dawuni 18-Jan 1-to-1 <5 0 0
1 (2nd Filter) Dawuni (2) 21-Jan 1-to-1 <5 0 0
2 Katumi 18-Jan 1-to-1 <5 a 0
3 Afishetn 18-[an 1-to-1 <h 100 0
4 Azaratu 10-Jan 1-to-1 <5 940 0
5 Zanatu 23-Jan 1-to-1 <5 0 0
5 (Pre-Treatment) Sanatu
5 (Pre-Treatment) Sanatu
5 (Pre-Treatment) Sanatu
o Richia 21-Jan 1-to-1 <5 0 0
7 Esuhini 19-[an 1-to-1 <h 1] 0
] Safura 18-Jan 1-to-1 <5 a 0
1 Ayishetu 18-Jan 1-to-d <5 0 0
2 Laabi 19-Jan 1-to-1 <5 3 0
3 Sana 18-Jan 1-to-1 <h 420 0
4 Malia 19-Jan 1-to-1 <5 0 0
5 Sanatu 18-Jan 1-to-1 <5 0 0
4 Zenabu 18-Jan 1-to-1 <5 4 0
7 Zenabu 18-Jan 1-to-1 <5 L L
B Mariama 18-Jan 1-to-1 200 3 0
9 Salifu 22-Jan 1-to-1 <h 1 0
10 Mapa{ow) 19-Jan 1-to-1 <5 a 0
1 Adeshetu 18-Jan 1-to-1 <5 9 0
12 Yapa{ow) 19-Jan 1-to-1 <5 2 0
12 (Pre-Treatment) | Yapa(ow)
13 Zenabu 19-Jan 1-to-1 <5 L L
14 Maimuna 19-Jan 1-to-1 <5 4 0
15 Hawa 18-[an 1-to-1 18 (5] 0
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Kakpagyili

Household Initial Visit
Household Number, Name Date of 1st Visit| Dilution Factor| Turbidity TC EC
(TU) |[(CFU/mL)|(CFU/mL)
1 Azaara 12-Jan 1-to-1 200 0 0
2 Memunatu 12-Jan 1-to-1 <5 4 0
2 Memunatu
3 Fuseina 12-Jan 1-to-1 <5 0 0
4 Adisa 16-Jan 1-to-1 300 4a 1
4 Adisa 16-Jan 1-to-10 300 1 0
5 Aiddrisu 12-Jan 1-to-1 <5 0 0
5] Nafisa 12-Jan 1-to-1 <5 0 0
7 Ruhia 12-Jan 1-to-1 <5 0 0
7 Ruhia
8 Rabi 12-Jan 1-to-1 <5 0 0
9 Asmwu 12-Jan 1-to-1 <5 0 0
10 Abdul Rauf 12-Jan 1-to-l <5 0
1 Abiba 15-Jan 1-to-1 <5 32 0
2 Asibi 16-Jan 1-to-1 <5 0 0
3 Memumatu 15-Jan 1-to-1 <5 3 2
4 Sanatu 15-Jan 1-to-1 <5 0 0
5 Sanatu 15-Jan 1-to-1 <5 4 0
5 (Dugout, Stored) Tanatu 15-Jan 1-to-10 400 ) 0
5] Alhassan 15-Jan 1-to-1 <5 4 0
7 Iddrisu 16-Jan 1-to-1 <5 3 1
] Adam 15-Jan 1-to-1 <25 0 0
o Fusini
10 Shefuu 15-Jan 1-to-1 <5 10 0
un Abukari 15-Jan 1-to-1 <25 0 0
n Abukari
12 Bibata 15-Jan 1-to-1 <5 0 0
13 Zachina 15-Jan 1-to-1 <5 o
13 Zachina
14 Mariama 15-Jan 1-to-1 <5 0 0
14 (Piped, Stored) Mariama 15-Jan 1-to-10 <5 2 0
15 Rachia 1a-Jan 1-to-1 <5 3 0
1o Salanatu 1a-Jan 1-to-1 <5 0 0
16 {(Dugout, Stored) Salanatu 1a-Jan 1-to-10 <5 4 0
17 Fatimata 16-Jan 1-to-1 <5 0 0
18 Maria 16-Jan 1-to-1 <5 L o
18 (Piped, Tank) Maria 1a-Jan 1-to-10 <5 12 o
19 Eibata 13-Jan 1-to-1 <5 0 o
20 Mariamu 13-Jan 1-to-1 <5 240 0
20 Mariamu
21 Latifa 21-Jan 1-to-l <5 1 o
21 Latifa
22 Falira 1a-Jan 1-to-1 <5 2 o
22 Falira
23 Matim 16-Jan 1-to-1 <5 330 2
24 Sabratu 21-Jan 1-to-1 <5 0 0
25 Rahima 21-Jan 1-to-1 <5 0 0
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Household Second Visit
Household Number Name Date of 2nd Visit | Dilution Factor| ‘Turbidity TC EC
{(TU) {CFU/mL)[{CFU/mL)

1 Azaara 21-Jan 1-to-1 <5 0 0
2 Memunatu 21-Jan 1-to-1 200 0 0
2 Memunatu 21-Jan 1-to-10 200 0 0
3 Fuseina 21-Jan 1-to-1 =5 0 0
4 Adisa 21-Jan 1-to-1 <5 0 0
4 Adisa
5 Aiddrisu 21-Jan 1-to-1 <5 1 0
6 Nafisa 21-Jan 1-to-1 <5 0 0
7 Ruhia 21-Jan 1-to-1 150 2 0
7 Ruhia 21-Jan 1-to-10 150 0 0
] Rabi 21-Jan 1-to-1 <5 14 22
9 Asmwu 21-Jan 1-to-1 <5 0 0
10 Abdul Rauf 21-Jan 1-to-1 <5 0 0
1 Abiba 21-Jan 1-to-1 <5 4 0
2 Asibi 21-Jan 1-to-1 <5 0 0
3 Memumatu 21-Jan 1-to-1 <5 0 0
4 Sanatu 23-Jan 1-to-1 <5 0 0
5 Fanatu 22-Jan 1-to-1 <5 0 0

5 (Dugout, Stored) Sanatu
[ Alhassan 21-Jan 1-to-1 <k 0 0
7 Iddrisu 22-Jan 1-to-1 <5 41 0
8 Adam 22-Tan 1-to-1 <5 0 0
9 Fusini 22-Jan 1-to-1 10 140 0
10 Shefuu 23-Jan 1-to-1 <5 0 0
n Abukari 22-Jan 1-to-1 300 15 0
n Abukari 22-Jan 1-to-10 300 0
12 Bibata 21-Jan 1-to-1 <5 0
13 Zachina 22-Jan 1-to-1 200 54 0
i Zachina 22-Jan 1-to-10 200 3 0
14 Mariama 21-Jan 1-to-1 <5 0 0

14 (Piped, Stored) Mariama
15 Rachia 21-Jan 1-to-1 <5 0 0
16 Salanatu 21-Jan 1-to-1 <5 0 0

16 (Dugout, Stored) Salanatu
17 Fatimata 22-Jan 1-to-1 <5 0 0
15 Iaria

18 (Piped, Tank) Maria 23-Jan 1-to-1 <5 0 0

12 Bibata 22-Jan 1-to-1 <5 0 0
20 Mariamu 21-Jan 1-to-1 300 0 0
20 Mariarmnu 21-Jan 1-to-10 300 0 0
21 Latifa 21-Jan 1-to-1 <5 23 0
21 Latifa 21-Jan 1-to-1 <5 5 0
22 Falira 22-Jan 1-to-1 Gl 0 0
22 Falira 22-Jan 1-to-10 G0 0 0
23 Matim 22-Jan 1-to-1 25 0 0
24 Zabratu 23-]an 1-to-1 <5 5 0
25 Rahiima 22-Tan 1-to-1 <5 0 0
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Appendix H: Alum Fact Sheet

Aluminum Sulfate (Alum) Coagulation*
Household Water Treatment and Safe Storage (HWTS)
Product and Implementation Fact Sheet

Photo: M. Foran

Fig. 1 alum balls; Fig 2 turbid surface water frtsngout”; Fig. 3 after alum coagulant.
Technology Description

When alum is added to turbid water and gently &gitait causes particles to aggregate
and settle by gravity. The process is called cagri/precipitation. Coagulation
/precipitation is a widely applied process in urlater treatment plants around the
world. It is also sometimes applied at a houseboéle, for example, in India, China and
Southeast Asia, alum coagulation has been pradiicddindreds of years. A coagulant
is a chemical which, when added to water, enalvtes| particles to aggregate into larger
flocs. Aluminum sulfate (Al(SQ; )3) - H20 is the perhaps the most commonly used
coagulant/precipitant worldwide.

Alum is a local solution applied to mitigate the@blem of high turbidity surface waters
in Northern Ghana. It is unknown how long alum hasn employed as an indigenous
water treatment practice in Ghana; however, aluap@ied as part of a treatment
process in urban treatment plants in Ghana. Alump®rted into Ghana. For example, a
dry, granular alum product from Kemira A.B. in Fnd is distributed by Dakgyeis in
Accra, perhaps because of consistent quality aadtgy concerns.

Supplies needed to treat water via coagulationudecthe coagulant itself and an
appropriately sized vessel. Alum balls (see phbtwa), which is a commercial alum
product pressed into a 2.5 cm diameter ball, daeiedividually or in packets in the
local markets and are vended in villages and udearters in Ghana. Local women say

! Fact Sheet prepared by Susan Murcott with assistiiom Kellye Doyle, Melinda Foran, and Jennifer
Christian-Murtie
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that they only apply alum in the dry season whenstirface water sources are drying out
and concentrating the turbidity.

What contaminants does it remove (based on manufagter’s claims)?

Suspended and colloidal particles, which can bargogor inorganic. Some microbial
contamination is also removed, because microbes afitach to particles, but
coagulation does not disinfect the water, only ctetipn is a step towards cleaner water.
In addition, alum, as well as other metal salthsagferric salts, remove metals via the
process known as precipitation — see below. Napolimers dacoagulate and remove
particles of turbidity and some associated microbasdon’tprecipitate metals.

How does it remove contaminants?

Turbid water is comprised of suspended and collgiddicles which can agglomerate
into larger particles via coagulation/precipitatidimese particles can settle by gravity
and/or be removed by a filter.

Coagulation is the electro-chemical process ofdunig together small particles into
larger particles. Flocculation, a transport procesthe aggregation of these coagulated
particles to form larger groups of particles callleds. Sometimes these two terms,
coagulation and flocculation, are used inter-chabbe Precipitation refers to the
chemical reaction that converts a soluble substarioe solid. For example, when
aluminum sulfate is added to water containing cahcand magnesium alkalinity, a
precipitate of aluminum hydroxide will form accandito the following chemical
reaction:

3Ca(HCQ);2 + Aly(SQy);3 -18 H20<—> 2AI(OH); + 3CaSQ@ + 6CQG + 18 HO

[Calcium bi-carbonate + Alumk-—> [aluminum hydroxide + calcium sulfate + carbon
dioxide + water]

Capacity (flow rate and/or batch volume)in Ghana, the typical water collection vessel
is about 40 L and that is a standard volume foruahtreatment. However, dosing of
alum is imprecise, and most users apply the coagblaintuition, having learned the
practice from their mothers or other older women.

Cost of Technology per Unit
Capital: Assuming the user has at least one water calleetessel, such as the
40+L metal vessel previously described, as wedlraba cloth filter (which are

widely and freely disseminated in Ghana), thengh&no capital cost for this
method of treatment.
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O&M : US$ 0.01 to $0.03 per ball. (For cost calculajome assume that one ball
can treat 2 x 40L of highly turbid water).

The pricing in the Tamale market is as follows:

o Distributor buys the large 50 kg bags for anywhsstveen 18 and 20
cedig ($19- $22) and then she may sell the entire bagrweone for 22
to 24 cedis($24 - $26), depending on what she fioai.

o She will sell 1 alum ball for 20 pesewas (0.02 sg(50.02)

0 She usually sells 7 alum balls at a time for 0.46i ¢($0.11), a discounted
rate of about 14 pesewas ($0.015) per ball

0 The stalls in the market usually buy 7 alum battsrf her at 0.10 cedis
($0.11) and then sell them to other people oneaballtime for 20
pesewas ($0.02), interestingly, the same rateeadigiributor.

Effective Household Water Management with this Prodct

Operation

The method, as demonstrated by a woman from Savekithat after she collects water
for a source (Step 1), she takes one alum balbaumds it by hand in her 40L metal
containers of source water. Depending on how tutedwvater is, she swirls for several
minutes until it “looks right.” Then she waits wéithe flocs form into larger
agglomerations, before settling by gravity to tio&tdm of the bucket. Clear water is
decanted from the top. The indigenous proceduefféstive, but it is neither hygienic
nor is it standardized.

! Exchange Rate: GHS 1.00 = US$ 1(B®vember 14 2007).
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Fig. 6. Step 3: Let water coagulate and allow thesfto settle.

A more standardized procedure to treat water withnat the household level is as
follows:

Two clean standard-sized buckets should be aveaiitithe outset. The alum ball is
added to a known quality of water (e.g. 40 litensdl rapidly mixed manually with a large,
clean spoon (users should be dissuaded from usi&'g band/arm), then the liquid is
allowed to coagulate and settle for 5 minutes. Nivet coagulated water is decanted by
pouring it into a second safe storage containeem@l/by a cloth filter to capture and
prevent the floc/sludge from going into the cleaatev. The process is visually
impressive, and the settling of the flocs to th&do is the indication that the water is
safer - with reductions of both turbidity and mioes, but the water has not been
completely disinfected by this method.

Maintenance/Cleaning

Storage vessels may build up sludge from the floasform and settle subsequent to the
treatment process. These vessels need to be rgguéaned with soap, clean and/or
boiled water and the sludge discarded.

Replacement period

Alum is a consumable, as opposed to a durableuptddat is replaced after each use or
several uses. Manual coagulation with alum bafiggracticed and observed in parts of
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rural Ghana with dugout, river and other highlybidrwater, requires about one alum ball
per treatment for one standard 40 L metal watdecibn vessel. If used conservatively
or if the water is not excessively turbid, one alb@hi can last for several treatments of
this volume of water.

Water Quality Monitoring

Turbidity monitoring of a subset of alum coagulatedisehold waters should occur on an
annual basis using a turbidity tube (DelAgua Watesting Ltd Wiltshire, UK) or a
turbidimeter.

Water Quality — Independent Testing Results

Household-scale alum coagulation of highly turlmdree water from Northern Region,
Ghana was compared to solar disinfection in pldsigs (SolAgua) in a Master thesis
study (Foran, 2007.coli removal efficiencies for alum alone were practicie same
as with alum combined with SolAgua disinfection.
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Table 1:E.coli concentration and percent removal of alum coaguiatione compared to
alum coagulation + solar disinfection in Northeragion, Ghana

Raw Post- Post-Alum

Water E. | Alum + SolAgua | % E.coli | % E. coli

coli [CFU | E.cdli E.coli[CFU | Removal | Removal

per [CFU per | per Post- Post-Alum
Sample 100mL] 100mL] 100mL] Alum + SolAgua
Ghanasco Muali Dam, TD| 6,733 6 0 99.9% 100.0%
Kaleriga Dam, TD 14,300 30 0 99.8% 100.0%
Bipelar Dam, TD 21,667 15 1 99.9% 100.0%
St. Mary's Dam*, TD 53,830 14 2 100.0%  100.0%
Dungu Dam*, TD 4,620 108 6 97.7% 99.9%
Libga Dam 1*, SD 500 3 0 99.4% 100.0%
Bunglung Dam, SD 5,150 1 0 100.0%  100.0%
Diare Dam, SD 3,417 3 0 99.9% 100.0%
Libga Dam 2, SD 1,417 0 0 100.09 100.0%
Gbanyami Dam, TD 19,333 0 0 100.0%  100.0%
Vitting Dam, TD 14,167 0 0 100.0%| 100.0%
Average Removal Efficacy 99.7% 100.0%

There was a significant improvementincoliconcentrations after alum administration
and SolAgua disinfection (p=0.009I. colireduction post-alum with SolAgua was high
(>99%) in nine samples tested. On average, thevahefficacy ofE. coliwas 99.7%

for alum coagulation alone and 100% for alum coatjoh + SolAgua treatment. The
Wilcoxon Rank-Sum test was performed using thia daid there was no significant
difference in the removal efficacy &f coliusing alum alone or alum combined with
SolAgua disinfection (p=0.153), likely due to theal sample size.

Health Impact Studies
N/A

Advantages

* Anindigenous practice in certain parts of the worl

* Inexpensive;

» Can remove some or all of the turbidity; dependingarious key variables
affecting successful coagulation including coagutgpe and quality, dose,
mixing time and speed, settling time, water quattaracteristics and more.

» Metal salt coagulants such as alum precipitate Isxated remove some organic

chemicals

* Only requires two containers (one for coagulattbe,other for decanting) and a
cloth filter to catch the flocs when pouring ofeteupernatant into thé%2

containers

* Visually, one can see the water become cleanecoouat of the treatment. This
can be convincing to users of the efficacy of thedpct.
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Disadvantages
* Removes some, but not all, microbial contamination;
* Not proven to reduce diarrheal diseases;
* Some users find the process of stirring, pourind)\aaiting tedious.

Name of Implementing Organization

Finland: Kemira A.B.

Ghana: Dakgyeis Water Chemicals is one distribat@um products for the water
treatment plant market.

Type of Implementation Organization
For profit

Sale of alum balls is a “bottom of the pyramid,iviate sector business in Ghana. Certain
vendors in the downtown marketplace in Ghana a&dhe distributors, to other shops
downtown, and to retailers. Typical street venddralum balls are young girls who
head-load basins with their wares, which mightdehet water, juices and other small
consumer products, including alum balls. Howevknnaballs are not an everyday
product — the supply is not constant and you havabw where to get it. However,
because alum is also used for fixing dyes in thage industry of cloth dying, with a

little effort, alum can be obtained from multipleusces in the Northern Region.

Location and Extent of Implementation / Sales

When a number of women collecting water at DungmDaar Sagnirigu were asked

whether they had heard of alum, everyone had. Wiem asked if they ever applied it,
some indicated use of alum balls in the dry seasiowas very hard to judge the extent
of implementation; however, one indication that $ehold-scale alum coagulation was
somewhat widespread was that it could be bougthteamnmarkets fairly readily in Ghana.
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Contact

Manufacturer/Supplier: Kemira Kemi AB
Distributor in Ghana: David Agueil
Dakgyeis Water Chemicals, Accra

Tel: 233-024-464-3200
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