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Abstract: In developed world, water diseases are rare due to presence of efficient water supply and human
wastes disposal systems (Jorge ez 4/, 2010). However, in developing countries like Kenya, are characterized by
inadequate basic resources such as safe drinking water and sewerage disposal facilities. This is due to rapid
population growth. Consequently, use of pit latrines and hand dug wells are commonly used. There is concern
that pit latrines may cause ecological and human health effects associated with pathogenic and chemical
contaminations of ground water sources by hand dug wells. In Kenya, pit latrine disposal method could be a
main source of ground water contamination. Contaminants from pit latrines excreta can potentially leach into
groundwater, causing human health risks through contamination of hand dug well water. In this study we
assessed vertical separation between the depths of pit latrines and hand dug wells and the horizontal
separation between wells and pit latrines. These assessments were to establish the separation distance that can
allow the pathogens to die off naturally or leach to underground water. A cross-sectional study design was
used. The study areas of Bomachoge Borabu sub county were; Magenche, Bokimonge, Bombaba and Boochi,
targeting hand dug wells and pit latrines usage within homesteads. Methods of data collection used in the
study were questionnaires, measurements and laboratory water analysis. The results revealed that hand dug
well water was significantly (p<0.05) contaminated with faecal coliforms in all study sites. In addition, usage of
pit latrines and wells was significant (p<<0.05) too. Over 60% of the population used both pit latrine system
and hand dug wells for faecal disposal and as water source respectively. These results also showed that the
minimum horizontal separation distance between pit latrine and hand dug well was 60 meters and vertical
separation distance between depths of pit latrine and hand dug well was 1.1metre (45inches) at these distances
no faecal coliforms were recorded. It was recommended that public health sensitization exercise be made in

the study area.
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Introduction

Increase in human population in developing
countries has led to increased release of large
quantities of human waste, consequently, posing
challenges on its disposal systems. This has
become a threat to ecological and human health
(UNICEF, 1997 and Kirimi, 2008). Safe faecal
disposal requires high level of investment. Due to
inadequate resources, this has become a crisis in
developing countries (UNICEF, 1997).

In Kenyan rural and urban areas, there is a serious
challenge in disposal of human faecal matter
because of inadequate knowledge. This has created
health problems that may affect human health and
cause setious economical and other welfare losses
(Kirimi, 2008).

The environmental degradation caused by
inadequate disposal of human waste can be
expressed by contamination of surface and
underground water through seepage and soil
contamination. To prevent detrimental effects of
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human waste like faeces, they must be properly
disposed (Renkow and Otieno, 2008).

With the emerging concern on large quantities of
human waste being produced, both in the form of
solid and liquid waste, their management becomes
one of the main focus of sustainable development
plans which is based on policies and practices that
are geared towards resource conserving and
respect values of equity in accessing resources
(Renkow and Otieno, 2008).

Inadequate or biased distribution of services and
resources leads to indiscriminate disposal of
human waste matter like faeces, thus increasing
chances of contaminating underground water
sources which cause human and ecological health
impacts associated with microbiological and
chemical contamination of underground water.
Contamination of these water sources can be
detected by the presence of indicator organisms
(APHA, 1998).
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Testing for the presence of faecal organisms in
water is a way of determining whether a water
supply is faecally polluted (APHA, 1998).
Exposure to faecally contaminated water does not
always translate into infection (Ellis, 1998).
However, the higher the faecal bacteria level in
water, the higher the chances of pathogens
presence in significant numbers too (APHA,
1998).

Materials and Methods

Study area

The study was conducted in Bomachoge Borabu
sub county in, Kisii County which borders
Nyamira county to the East, Narok county to the
South and Homa bay and Migori counties to the
South West. Kisii county covers an area of 1, 317.9
km?and has a population of about 1.2million
people. In terms of topography, the county is
mainly hilly with several ridges to the eastern part.
The most notable topographical features are the
hills of Nyamasibi, 2170m a. s. 1, Kiong’ayo
1710ma.s.l, Kiamwasi 1785ma.s.]Kiombeta and
Nyanchwa hills. The District has a highland
equatorial climate with an annual average rainfall
of over 1, 500mm which is reliable. The long rains
occur from February to June while short rains
occur from September to November. December
and January are relatively dry months. Most patts
of the district have red soils, which are deep and
rich in organic matter. Other parts are
characterized by clay, red-roam and sandy soils,
which are poorly drained. The District is divided
into three ecological zones, comprising of the
Upper midland 75%, the lower highland 20%, and
low midland 5%. The area is part of Mau
catchment and has several permanent rivers and
streams that drain into Lake Victoria. The main
sources of water are hand dug wells, springs and
roof catchments of rain water. Means of human
fecal disposal are mainly pit latrines kisii county
integrated development plan (2013).
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Study Design and Sample Size

A cross sectional study design was used to sample
households and the water sources. Water sample
collection took place between June 2015 and
November 2015.Water sources which were studied
were collected from hand dug wells. Sampling of
hand dug well water was based on criteria that
sampled households that were 100m apart.

Sample Collection

Sampling the protocols described by Tebbut
(1992) were followed. Sample bottles were
autoclaved at 115°C followed by sterilization with
ethanol for about two minutes. Samples from hand
dug wells were collected by suspending the sample
bottles (200ml-capacity) using a nylon string and
weighted with a metal mass approximately 50g to
facilitate sinking through the water column. Care
was taken not to disturb the bottom sediments so
as to avoid making thewater samples turbid. An air
space was created in the sample bottle by pouring
out some little water before the lid was secured.
Samples were labeled and placed in a cool box
containing ice blocks and transported within six
hours of collection to FEldoret Water and
(ELDOWAS) and University of
Eldoret-Biotechnology laboratories in Eldoret for
analysis. The depths of pit latrines were obtained
from the residents through questionnaires and
observation. Measurement of hand dug well depth
was done using a thread tied with a 50g mass to
facilitate sinking and the thread length was
measured by a tape measute on the ground.

Sanitation

Testing for indicator
coliforms) in water samples
Testing for fecal coliforms in water samples was
done using modified membrane filtration method
as described in APHA, 1998. Apparatus used were
dilution bottles, pipettes, graduated measuring
cylinders, Petri-dishes (60X15mm), membrane
filters (0.45um), filtration unit, absorbent pads,
forceps, spirit lamps and incubators.

organism (faecal

Laboratory testing of faecal coliforms was done
using 100ml of water sample which was measured
into a measuring cylinder. A small amount of
dilution water was added to the funnel before
filtration was done to aid in uniform dispersion of
bacteria suspension over entire effective filtration
surface. Sterile membrane filter papers were placed
over a porous plate using a sterile forceps
(sterilized by flaming).

The grid side of the filter membrane was placed to
face up. The funnel unit was carefully matched
over the receptacle and locked in place. The
sample of the test water was passed through filter
membrane under partial vacuum, 30-50ml sterile
buffered water was used to rinse the filter between
the samples. The funnel was unlocked immediately
after all the water was filtered and the forceps was
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used to remove the filter membrane which was
placed on sterile agar with a rotating motion to
avoid entrapment of air.

The liquid medium was used and the culture dish
was saturated with 1.8-2.0 ml of prepared M-
ENDO medium. M-ENDO agar was prepared
following the procedure shown in appendix 2. The
culture agar was placed directly on the petri -dish
then incubated for 22 to 24 hours at 37°C +0.5 in
incubatort, after incubation, the number of bactetia
colonies if any were manually counted and
expressed as colonies in 100ml of sampled water.

Assessment of human fecal matter disposal
facilities

Assessment of utilization of available human fecal
matter disposal facilities was done by use of a
questionnaire. The survey targeted the presence
and use of pit latrines. Usage of the available
disposal facilities among and within estates was
assessed visually. Measurement of vertical and
horizontal separations between pit latrines and
hand dug wells were done using tape measure
calibrated in meters.

Results

A total of 98, 96 pit latrines and hand dug wells
respectively were sampled within the study site in
Bomacchoge Borabu Sub County from January to
August 2015. All hand dug wells were significantly
(p<0.05) contaminated and usage of pit latrines
was very common as compared to other faecal
disposal methods.
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Figure 1: The relationship between the horizontal
distance of the pit latrine and well to that of faecal
coliform count in Bokimonge area.

Horizontal separation between pit latrine and hand
dug well of Bokimonge greatly affected the level of
faecal coliforms in water. The relation between
distance and faecal coliforms count was correlated
(r=0.035)
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Figure 2: The relationship between the vertical
distance of the bottoms of pit latrines and wells to
that of faecal coliform count of Bokimonge area.

Vertical separation between depths of pit latrine
and hand dug well of Bokimonge greatly affected
the level of faecal coliforms in water. The relation
between distance and faecal coliforms count was
correlated (+r=0.69)
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Figure 3: percentage usage of domestic water
sources in Bokimonge area.

The percentage usage of drinking water sources
shows that 62%, 34%, 2%, 2% used springs, wells,
piped and other sources respectively
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Figure 4: Percentage usage of mode of faecal
disposal in Bokimonge area.

The results show that 62% wused pit latrines
facilities, 16% used informal methods and 8% used
flush toilets as means of faecal disposal methods in
Bokimonge study site.
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Figure 5: Relationship between horizontal
distance of pit latrines and wells to that of faecal
coliform count in Magenche area.
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Results shows that there was a significant (p<0.05)
relationship between the pit latrine and hand dug
well of Magenche site in terms of faecal coliforms
count. As the distance increase faecal coliforms
count reduced up to 30meters where there were no
faecal coliforms. At a distance of 5meters faecal
coliforms count was about 200 cfu/100mls.
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Figure 6: Relationship between vertical distance
of the pit latrines and wells to that that of faecal
coliform count in Magenche area.

Results shows that there was a significant (p<<0.05)
relationship between depths of pit latrine and hand
dug well of Magenche site in terms of faecal
coliforms count. As the distance increase faecal
coliforms count reduced up to 25 inches where
there were no faecal coliforms. At a distance of
zero inches faecal coliforms count was about 200
cfu/100mls.

2%

M SPRINGS

B PIPED WATER
= WELL

W OTHERS

Figure 7: Percentage usage of domestic water
sources in Magenche area (74%-wells, 16%-
springs, 8%-piped water and 2%-unspecified).
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Figure 8: Percentage usage of modes of faecal
disposal in Magenche area.

In the study population 69% used pit latrines, 20%
informal and 11% flush toilets. Its shows that pit
latrine system was the most preferred facility in
Magenche site.
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Figure 9: The relationship between horizontal
distance of pit latrines and wells to that of faecal
coliform count in Bombaba area.

Results show that at a distance of 5 meters the
coliforms count was 200 cfu/100mls and above
90metres there were 0 cfu/100mls. This reveals
that increase in horizontal distance decreases
significantly (p<0.05) faecal coliforms count in
hand dug well water of bombaba site.
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Figure 10: The relationship between vertical
distance of the bottoms of pit latrines and wells to

that of faecal coliform count in Bombaba area.

Results show that at a distance of 3inches the
coliforms count was 200 cfu/100mls and above 45
inches there were 0 cfu/100mls. This reveals that
increase in  horizontal distance decreases
significantly (p<0.05) faecal coliforms count in
hand dug wells of Bombaba site.
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Figure 11: percentage usage of domestic water
sources in Bombaba area.

Well water the most used source of water in
Bombaba whereby 56% of the population used
wells, 34% springs, 8% piped water and 2% other
soutces.
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Figure 12: Percentage usage of modes of faecal
disposal in Bombaba area.

The results shows that the pit latrine facility in
Bombaba site was the most preferred with 79%
usage whereas flush toilet followed with 13%
usage and finally 8% informal method.
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Figure 13: Relationship between distance of pit
latrines and wells to that of faecal coliform count
in Boochi area.

Results show that at a distance of 5 meters the
coliforms count was 200 cfu/100mls and above 48
meters there were 0 cfu/100mls. This reveals that
increase in  horizontal distance decreases
significantly (p<0.05) faecal coliforms count in
hand dug wells of Boochi site.
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Figure 14: Relationship between vertical distance
of the bottoms of pit latrines and wells to that of
faecal coliform count in Boochi area.

Results show that at a distance about zero inches
the coliforms count was 200 cfu/100mls and
above 45 inches there were 0 cfu/100mls. This
reveals that increase in vertical distance decreases
significantly (p<0.05) faecal coliforms count in
hand dug well water of Boochi site.
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Figure 16: Percentage usage of domestic water
sources in boochi area.

Well water the most used source of water in
Boochi whereby 77% of the population used wells,
17% springs, 4% piped water and 2% other
soutces.
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Figure 17: percentage usage of different modes of
faecal disposal in Boochi area.

The results shows that the pit latrine facility in
Boochi site was the most preferred with 78%
usage whereas flush toilet followed with 14%
usage and finally 8% informal method.
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Figure 18: General relationship  between

horizontal distance of pit latrines and wells to that
of faecal coliform count in Bomachoge- Borabu

Sub-County.

Results show that at a distance of 5 meters the
coliforms count was 240 cfu/100mls and above 60
meters there were 0 cfu/100mls. This reveals that
increase in  horizontal distance decreases
significantly (p<0.05) faecal coliforms count in
hand dug wells of Bomachoge sub county study
sites.
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Figure 19: General relationship of the distance
between the bottoms of pit latrines and wells to
that of faecal coliform count in Bomachoge-
Borabu Sub-County.

Results show that at a distance about zero inches
the coliforms count was above 200 cfu/100mls
and above 45 inches there were 0 cfu/100mls.
This reveals that increase in vertical distance
decreases significantly (p<<0.05) faecal coliforms
count in hand dug well water of Bomachoge sub
county study sites.

Discussion

The major domestic water sources in Bomachoge
Borabu Sub County are hand dug wells and natural
springs. Results indicated that hand dug wells were
generally the most accessed among domestic water
sources. Responses from questionnaires indicated
that the hand dug well was used for multiple
domestic purposes which included drinking,
bathing, watering livestock and washing clothes.
Reports from other studies indicated that the hand
dug well was the most utilized resource (Kabogo
and Kabiswa (2008) and Kabede (1978).
Therefore, utilization of well water in other areas is
similar to that observed in the present study.

The preference in utilization of hand dug well
water in Bomachoge Sub County was based on
their proximity within the homestead which makes
it convenient to fetch and in addition, the water is
free of charge.

Findings of the current study also indicate that
preference of well was quite varied among
locations. Hand dug well water accessibility was
highest at across the sub county. Similar
preferential report has published in literature
(Dzwairo, et al. 2006). The report identified several
factors including topography of the area as the
driving force towards accessibility of hand dug well
water.

The higher preference of well water within Sub
County was probably due to the topography of its
sub county which is hilly. The natural springs are
located on the lower side which means that the
population would carry the water up-hill, which
reduces preference. Since wells are mostly
contaminated due to frequent usage (Gakukia, ef a/.
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2010) than other domestic water sources, it is
possible that the status of the hygiene of a
particular population could be responsible for the
magnitude of its faecal contamination. Dzwairo, e
al.  (2006) noted that degree of faecal
contamination is complex and must be approached
from several dimensions if contamination of
domestic water sources is to be tackled effectively.

The present study demonstrated that hand dug
well water contaminated by faecal coliforms.
Faecal coliforms have widely been wused as
indicators of quality of drinking water
(WHO/UNICEF, 2004). Although presumed to
be harmless, (Olivieri, ¢ al, 1997) presence of
faecal coliforms is an indicator of likely presence
of other pathogenic organisms (Bartram and
Balance, 1996 and Olivieries al, 1977). Also the
intensity of faecal coliforms in water is usually
taken as a measure of degree of contamination of
water sources (Cheesbrough, 20006). Different
modes disposal contribute
variously to the contamination of different water
sources (Howard ez a/., 2003).

of human faecal

Contamination of domestic water sources is mote
serious in developing than in developed countries
as was noted in Tanzania (Kauzeni, 1981 and
Norconsult, 1981) and Java (Lloyd, 1990), where
domestic water sources were found to be heavily
contaminated with faecal coliforms. Whereas, in
developed countries, on-site sanitation facilities
were propetly sited, designed, constructed and
maintained in settlement areas (Lerner, 1996), This

conditions presumably limited the risk of
groundwater contamination by human faecal
materials.

Faecal disposal management in three estates
(Magenche, Bokimonge, Bombaba and Boochi)
that were studied involves use of pit latrines and
informal methods. The main mode of human
faccal matter disposal in the four areas was pit
latrines with over 50% of the residents using the
facility (fig 4, 8, 12&17) This mode of human
faccal disposal is reported to be also common in
many developing countries, (Estey, ef al, 2001 and
Gakukia, ez a/., 2010).

Pit latrines are the most preferred structures due to
their affordability in terms of construction and
utilization. They also work under the principle of
“drop and store” (Estey, e al., 2001) as compared
to flush toilets that are more expensive to install
(Lenton, ef al., 2005). The later also require a lot of
water to run. Despite the numerous merits, pit
latrines  contribute to the highest risk of
contaminating domestic water sources. Improper
construction, design and unhygienic management
of pit latrines in urban areas may lead to
degradation  expressed by
contamination of surface and ground water

environmental
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through seepage and direct faecal contact with the
soils as noted by Obabori (2009).

Pitlatrines easily contaminate underground water
sources through seepage and infiltration of it is
contents. In addition, contamination worsens
when the pit latrines are poorly designed,
constructed and managed. Probably this is the
main source of high level of faecal coliforms count
found in the drinking water sources. If the design
and infrastructure are poor the clean disposable
facilities may not function to the expected levels in
terms of hygiene. The economic power of an area
may not play a major role in hygiene if the culture
of residents is unhygienic and human faecal
disposal structures are not propetly designed and
maintained (Shannon, 2003).

Informal methods of human faecal disposal are
important  sources  of  domestic  water
contamination  in sub  county,
especially the main domestic water source like
hand dug wells this has also been observed by
Dzwairo ¢t al., (2006). The situation is complicated
by the fact that there is no order or regularity in
the way disposals are made, thus making the
existing safe disposal policies implementation
difficult.

Bomachoge

Use of informal disposal methods is a worldwide
issue, House, e al, (2004), reported that in
Bangladesh a large population used informal faecal
matter disposal methods, a similar situation was
reported in Kenya by Guardian Development
Network (2010) which revealed that 10% of
Kenyan population use informal methods for
faccal matter disposal Yeager ef a/ ., (1999) also
noted that majority of young children defecate
informally on soil and their mothers use grass for
anal cleaning thus contaminating the ground with
faeces.

In the current study it was also found that children
facces were commonly disposed on open ground
in most homesteads among the four areas of
Bomachoge Borabu Sub County and this was
presumed to be the cause of contamination of
domestic water sources, through surface runoffs
which carry the faeces and polluted soils into the
water sources.

Apart from disposal methods, physical factors
have also been implicated in contamination of
domestic water sources by faecal coliforms
(Sugden, 2004 and Kimani and Ngindu, 2007). The
distance between pit latrine and hand dug wells at
which there are no faecal coliforms count found
has been defined by several authors including Ben
and Kolsky (1999); Morgan (1990); Kimani and
Ngindu (2007) and WHO (2007). As evidenced in
the current study the distance between well and pit
latrine affects faecal contamination in the well.

http:
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Contamination at various distances may depend
upon soil types and hydraulic gradient or slope of
an area.

The depths of both well and pit latrine did not
influence well water faecal coliform contamination.
In the current study Bomachoge Borabu Sub
county generally has low water table of about 30
meters feet for hand dug wells while pit latrines
depths are averagely 15 meters (kisii county
development plan 2013). According to Sugden
(2004) the pit latrine should always be above the
water table during all seasons and 15 meters below
the surface is the minimum depth necessary to
ensure the pit latrine contents remain dry and
allow pathogens to die off naturally before
reaching the water table. In comparison with the
current study it was found that water table was too
close from the pit latrine depth, explaining why
vertical separation between bottom of pit latrine
and water table had influence on drinking water
contamination by faecal coli forms. Apparently
informal faecal disposition was quite rampant in
these areas of study and this seems to be
anothersource  of hand dug well water
contamination, and this may occur at the surface
or through subterranean means. In addition,
surface runoffs are predominant mechanisms
through which well-water
contaminated (Dhaneshwar,

Nordberg and Winblad, 1990).

source is faecally
et al, 1985 and

Topography of the area may also influence faecal
coliform contamination on spring water. It is
expected that hilly area contributes more to faecal
coliforms contamination on spring water than flat
areas, hilly areas increases the flow than flat areas.
This situation was explained by Ben and Kolsky
(1999), that as the flow rate increases micro-
organisms penetrate deeper and infiltration
increases into the ground. This influences natural
spring water contamination since spring water
originates from the underground.
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