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Abstract:

Background: Pathogenic contamination of groundwater, due to poor sanitation, has continuously posed a
significant health risk to human health. Kamkuywa market center, a peri-urban settlement, relies heavily on
shallow wells for water supply and use of pit latrines as a mean of waste disposal, hence risking groundwater
microbial contamination. This study used GIS-based risk mapping to establish the extent of groundwater
pollution by coliforms and determine the relationship between selected risk factors, namely: depth to the water
table, distance from a shallow well to the nearest pit latrine, pit latrine depth, soil permeability and ground
slope for purposes of establishing the optimal well-pit latrine separation distances under different hydro-
geological conditions.

Material and Methods: All shallow wells and pit latrines in the study area were mapped and the separation
distances compared to the recommended standards. Water samples in 32 shallow wells were collected and
analyzed for fecal content. The regression model was used to determine the relationship between coliform
concentration and the selected risk factors as well as establish the extent of contamination and optimal
distancing.

Results: The results indicate that 67.6% of shallow wells did not meet the World Health Organization and the
Kenya safe distance criteria. In terms of relationship, pit latrine depth and soil permeability positively
correlated with contamination. A negative relationship was established between groundwater contamination
and water table depth and no relationship with surface slope. Out of 32 shallow wells sampled for fecal coliform
analysis, 31 tested positive for fecal coliforms. Over 75% of the study area was established to be high risk for
groundwater contamination. Finally, the predicted optimal distance between wells and pit latrines in the study
area ranged between 31m-33m.

Conclusion: The study concluded that Kamkuywa Market Center is water scarce as a result of extensive
groundwater contamination. Lastly, safe distances can vary from area to area depending on the climatic and
hydro-geological conditions of an area.
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I.  Introduction

Water is scarce when there is insufficient freshwater to meet the standard water demand of a
population. [1] That four billion people face water shortages and that “Half a billion people in the world face
severe water scarcity all year round.” However, besides scarcity, the global water crisis also involves water
pollution. Vital as it is for human existence; water is also an important carrier of organisms and contaminants
that are a threat to life. For water to be used for domestic purposes particularly drinking, its pollution must be
within specified thresholds. According to the [2] 13% of the world's population did not have access to safe
drinking water. Additionally, 40% of the world’s total population does not have access to improved sanitation
[3]. This translates to 2.6 billion people in the world who are unable to access a public sewage system, septic
tank, or even a simple pit latrine. Approximately 1.7 million people every year die of water-borne diseases
resulting from unsafe drinking water, inadequate sanitation, and poor hygiene [3]. Developing countries account
for 84% of these deaths with 90% of them being children under the age of 5 years. [3] Estimated that up to 6%
of these deaths and 9% of all diarrheal diseases could be prevented by improving the water safety, sanitation and
hygiene globally. Globally, 38% of improved water sources are contaminated by fecal bacteria according to [4].
Also it has been established that contaminated and untreated groundwater is a major source of health problems
in the developing world and a burden to these countries [5]. According to the [6], the goal of the United Nations
through the Millennium Development Goals was to halve the population living without access to sustainable
sanitation by 2015. The target was to have | billion people in the urban world and 900 million people in the rural
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world have access to sustainable improved sanitation facilities. Unfortunately, these targets were not achieved
[7].To save the situation, the United Nations identified Sustainable Development Goal No 6 whose focus is on
clean water and sanitation. The goal acknowledges that while substantial progress has been made in the world
over the decades to increase access to safe drinking water and better sanitation, 637 million people globally still
lack access to these basic social amenities. Therefore, this goal has a target to improve the quality of water
globally through reduced water pollution from agricultural waste, domestic waste, dumping sites and industrial
waste by 2030. Alongside this, is the goal to increase the global population proportion accessing improved water
sources [6]. Most people residing in rural areas in developing countries derive their water supply from
groundwater and their sanitation through pit latrines. This unfortunately, is also largely evident in urban areas
where land has been greatly fragmented. Consequently, a potential groundwater contamination risk crops up,
especially when pit latrines and shallow wells are sited in close proximity. This pattern is prevalent in Kenya.
The most common method of human waste disposal in Kenya’s rural and peri-urban settlements is the pit
latrine, probably because it’s the cheapest, affordable, reliable and most efficient way to dispose human waste
for the poor urban and rural populations. Expansion in improved water supply and access to improved sanitation
such as sewer and water systems, water kiosks, community septic tanks and community boreholes in Kenya has
been unable to match the rapidly growing population with improvements in water supply growing by only 0.9%
and improved sanitation by 0.2 annually, according to the [7].In the recent times, concerns have been raised by
environmentalists and public health experts on the increased use and dependency on both pit latrines and
groundwater sources in low income areas in Kenya. Literature has shown that pit latrines can cause human and
ecological health impacts largely associated with microbiological and chemical contamination of groundwater in
their area of existence [3].The World Health Organizations minimum standards in water supply, sanitation, and
hygiene promotion dictate that, Pit latrines and soak ways (for most soils) should be at a safe distance of at least
30m from any groundwater source and the bottom of any pit latrine at least 1.5m above the water table.
Countries have different policies on the safe distance between latrines and groundwater sources specific to their
hydro-geological factors. The Kenya Environmental Sanitation and Hygiene policy 2016-2030, guides that a
latrine should be at a distance of at least 40m from a water source and its depth should be a minimum of 2m
above the highest groundwater table. The 2m minimum requirement is anchored on the fact that Pit latrines
generally lack a physical barrier, such as concrete between the sludge and soil/groundwater [8]. [9] Established
that contaminants from pit latrines over a period of time leach into underground water leading to contamination,
and potentially threaten human health. Typically, groundwater is characterized by long pollution residence time
due to its slow flow. This makes groundwater pollution particularly problematic. The rate of flow and residence
period is determined by several factors including soils (texture and structure), slope, and rainfall. To determine
safe separation distances between a pit latrine and a well is thus not a constant factor but a function of these
attributes. The specific safe distances in Kamkuywa are thus not known but rather dependent on the 40m
standards by Kenya Environmental Sanitation and Hygiene policy 2016-2030. Given this reality in in the study
area, the purpose of this study was to establish to what extent the groundwater in the study area is contaminated,
to establish whether the level of contamination in the study area varies from one area to another and show the
influence of hydro-geological factors such as soils, topography, and water table on spatial variation of
contamination for purposes of determining appropriate well-pit latrine spacing. To achieve these objectives, the
study was conducted in Kamkywa Market Area in Bungoma County, Kenya in 2020.

1. MATERIAL AND METHODS

Study location: Kamkuywa Market Center is one of the Largest open-air fresh-produce markets in Kimilili
constituency, Bungoma County with a Projected Population of 30,178 people by 2020 [10]. It is located between
latitude 0.775035°N and longitude 34.791009°E on a hilly topography with a gently sloping terrain. The
geology of the area consists mostly of metamorphic rocks occupied by a somewhat gneissose pegmatite-rich
leucogranite. The study area receives a bimodal type of rainfall, with warm and wet climatic conditions
experienced all year round. The mean annual rainfall ranges from 1250mm to1800mm. The mean annual
temperature ranges between 21° and 23° degrees Celsius.

Study Design: Descriptive Research design

Study Duration: April 2019-July 2021

Data and Data Sources Procedures: The spread of contamination in groundwater is influenced by several
factors. First is the presence of the contaminant and its concentration. The higher the contaminant concentration
and the closer to a water source a pit latrine is, the higher the likelihood of groundwater contamination. Second
is the depth of the water table; pollutants are likely to spread faster where the water table is shallow as compared
to a deeper water table. The amount of rainfall will also determine the rate of spread of contaminants, especially
when the source of contamination is on the surface. High rainfall will increase dissolution and percolation of
contaminants from the source to the aquifer. Further, contaminants will spread faster on gentle slopes than steep
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slopes because gentle slopes allow for more infiltration and percolation rate than steep slopes which produce
more surface runoff. As water moves down the soil gradient it is known to carry along and disperse harmful
pathogen finally reaching the water table. Finally, contamination will spread faster in sandy soils, which have
higher soil permeability than in clay soils. To address the study objectives these attributes were obtained from
primary sources. It should be noted that rainfall and temperature were assumed to be uniform since the study
area is fairly small.

Data Collection and Processing

Soil Permeability: For this study, the significant factor used to evaluate soil permeability was the soil structure
of the soil in the study area. The process was carried in three steps as follows: First, directed benchmark
sampling was used to select representative areas of the study areas by carrying out a visual survey of the study
area and demarcating into 10 plots representative of its topographical, geological, and land use characteristics.
This sampling method was selected because; the study area had distinct and well-defined features related to
topography, drainage, and land use. The second step involved digging soil profile pits in the ten sample areas.
Each pit was dug to a depth of 1.22m. For each pit the soil profile was examined according to the [11]
guidelines for soil profile description as summarized in a table. Along with this, geographic coordinates for
every dug pit were collected using mobile GPS. Third, for soil texture, a simple hydraulic field test was carried
out. Finally, all the dug soil pits had their recorded characteristics analyzed and permeability rates determined
according to Kenya Soil Survey standard procedures (1971).In processing, the Thiessen polygons technique was
used to generate a soil permeability map using geographic coordinates and permeability rates to determine the
areas of influence of each point of measurement. The output was a raster layer of permeability rates. The final
stage for this process was the extraction of permeability values using the 'extract multi values to points' tool in
spatial analyst.

Slope: Slope data collection was obtained in four stages. Firstly, location data (Longitude, Latitude, and
Altitude) for all pit latrines and shallow wells in the study area was collected. Secondly, the altitude data was
used to generate a Digital Elevation Model (DEM) using Topo to Raster Interpolation Technique Spatial
Analyst Tools. Thirdly, the generated DEM was used to generate a slope map indicating the steepness of the
land surface using surface tools in 3D Analyst. Finally, slope values were extracted using the ‘extract multi
values to points’ tool in spatial analyst.

Water table: The water table data was obtained in five steps. The first step was the collection of GPS
coordinates for all shallow wells. The second step was the measurement of the depth of each shallow well using
a 50 meters steel tape. The third step was using the respective shallow wells depths and altitudes to generate the
water table elevation (z) values using the formulae (Altitude - depth= Water table). The fourth step was the
interpolation of water table values to a water table surface map. Lastly, Interpolated water table values were
extracted.

Waste level: Data collection on waste level was similar to that of water table data. First, there was the collection
of pit latrine GPS coordinates. The second part was to record the depth of pit latrine depth. Unlike shallow
wells, pit latrine's depths were not measured, as it was impractical and unhygienic to measure the depths of 1061
used pit latrines. Therefore, the depths recorded were the initial depths of the pit latrine when they were dug
obtained from the owners. For the third step, respective depths of all the pit latrines and their altitudes were used
to generate waste level elevation (z) values using a formula (Pit latrine altitude — Pit Latrine Depth= Waste
level).The fourth step involved the interpolation of waste level values. The resultant output was a waste level
surface map. The last step was the extraction of the interpolated waste level values from the waste level surface
map.

Fecal Coliform Concentration: Fecal coliform concentration in water from shallow wells was used to establish
how groundwater quality varied in different spatial locations in the study area. There were 531 shallow wells in
the study area. It was impractical and expensive to collect water samples from all the shallow wells. Therefore,
purposive sampling was used to select representative shallow wells based on six key parameters namely:
Density, depth, slope, soil permeability, and shallow well —pit latrine distance and whether the shallow well was
protected or unprotected. Based on these parameters, a representative sample of thirty-two (32) protected
shallow wells was selected. Water samples were collected from each of these selected shallow wells as follows:
All samples were collected between 6:00 am to 7:00 am using specially prepared, sterile white pack bags. The
bags contained a 0.1ml of a 3% solution of sodium thiosulphate a dechlorinating agent that neutralizes any
residual halogen and prevents the continuation of bacterial action during sample transit [12]. As a standard
requirement [13] for the sample volume for drinking water, 100ml of each sample was collected and carefully
labeled. Sample Bags were numbered appropriately i.e. SW1, SW2, and SW3. The exercise also involved the
collection of geographic coordinates, nearest pit latrine, depth, and the distances (m) to the nearest pit latrine of
respective shallow wells whose water samples had been collected. To validate the results of the fecal coliform
count test, duplicate water samples from the selected shallow wells were required. Four shallow wells i.e. SW9,
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SWH5, SW24, and SW30 were randomly selected from the initially 32 sampled shallow wells and their water
samples were collected the next day. The waster sample collection procedure was similar to the one detailed
above. The whole process of water sample collection was carefully done as the samples were directly put in the
bags from the wells to avoid contamination. All the Samples were kept cool in a 20liters cooler box and
delivered to the lab for analysis within 3 hours in line with the [14] guidelines.

Data Analysis

Determination of the extent of contamination involved two tests. The first was the determination of
the extent to which the World Health Organization and Kenya sanitation and Hygiene policy well to pit latrine
spacing had been flouted in the study area. A proximity analysis tool for assessing distance from each well to
nearest pit latrine was done. The second analysis for this objective involved analysis of water samples to
determine the extent of coliform contamination. Sampled water from thirty-two (32) shallow wells underwent
membrane filter test within three hours of sample collection as required under the World Health Organization
water testing guidelines. Specifically, a sample volume of 50ml from each sample was filtered through a
membrane filter of 0.45 microns using a vacuum pump. Placed in a culture dish on a pad with growth
enrichment media, the filter was incubated for 24 hours at a temperature of 44.5 degrees Celsius. Collected
bacteria cells on the filter grew into dome-shaped colonies with a gold-green sheen colour. From the dish, these
dome-shaped colonies were counted and recorded. Indicator shallow wells SW5, SW13, SW24, and SW20
required a 25ml dilution to achieve a clear countable membrane. The fecal concentration of each 50ml water
sample and 25ml water sample for SW5, SW13, SW24, and SW20 were recorded as coliform densities
calculated as units of the numbers of colonies per 100ml of sample water. A confirmation test was undertaken in
an incubation period of 24hrs for the duplicate water samples SW5 (D), SW9 (D), SW24 (D), and SW30 (D).
The result of these duplicates was used to validate laboratory analysis precision.

Finally, coliform densities point values were transformed into raster map to show continuous
distribution of groundwater fecal coliform contamination in the study area. The interpolated contamination
values from the raster map were extracted to the points representing shallow wells to have 531 contamination
values each for the respective shallow well. Using the extracted values, a four-class contamination level surface
To establish the relationship between contamination and hydro-geological factors, regression analysis using
spatial statistics tools (modeling spatial regression) was carried out to model, predict, examine and explore
spatial relationships to find out how environmental factors affect groundwater contamination. To enable this,
dependent and independent variables were determined with contamination as the dependent variable being
modeled while slope, soil permeability, distances, and depths as independent variables (explanatory variables).
Regression analysis was preceded by running the Ordinary Least squares regression tool to find out whether the
model is accurate. The model functions on the assumption that the strength and direction of the relationship
between a dependent variable and its predictors may be modified by contextual factors [15].

To show high contamination risk zones, data analysis was done by applying the results of the GWR
model by reclassifying independent variables maps using the 'Raster Reclass' tool of 3D analyst based on their
established relationship (positive relationship, no relationship, and negative relationship). Each layer was
reclassified into 4 classes with equal intervals. Weighted Overlay tool in spatial analyst was then used by
applying a common measurement scale of values using the formula (slope +soil permeability+ water table depth
+ waste level depth + shallow well distances to the nearest pit latrine = Groundwater Contamination
Vulnerability) to diverse and dissimilar the reclassified layers to create an integrated analysis showing areas of
possible high to low groundwater contamination risk.

To establish the minimum safe distance of shallow well to the nearest pit latrine, geographically
weighted prediction analysis was carried out in spatial statistics tools. The model calibrated the regression
equation using known dependent variable values to create a new output prediction feature class run by modeling
coliform densities against their respective pit latrine-shallow well distances. The output feature was interpreted
and used to show precisely how an increase or decrease in coliform density varies outward from any one
location with respect to distance, direction, and the study area's slope, soil permeability, and water table depth to
give the optimal safe distance for the study area.

I1l. RESULTS
i. Extent of Groundwater Contamination in Kamkuywa Market Center
Out of the sampled 32 shallow wells, 31 shallow wells tested positive for fecal coliforms with a coliform density
range of 4-68 colonies/100ml of water. Shallow well SW18 (Protected) tested negative for fecal coliform.
Protected shallow wells had on average a higher coliform density than un-protected wells. Table 1and Table 2
presents these findings.
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Table 1: Fecal coliform count report

Indicator Coliform Density
shallow No. of | ([(No. of colonies)/(volume filtered)] x
well Status of the well colonies/50ml 100)
SwWi1 Protected 26 52
SW2 Protected 25 50
SW3 Protected 27 54
SW4 Protected 33 66
SW5 Protected 34 68
SW6 Protected 19 38
SW7 Protected 29 58
SW8 Protected 20 40
SW9 Protected 2 4
SW10 Protected 24 48
SW11 Protected 17 34
SW12 Protected 8 16
SW13 Protected 34 68
SW14 Protected 13 26
SW15 Protected 30 60
SW16 Protected 31 62
SW17 Protected 24 48
SW18 Protected 0 0
SW19 Protected 13 26
SW20 Protected 32 64
SW21 Protected 27 54
SW22 Protected 3 6
SW23 Protected 19 38
SW24 Not Protected 30 60
SW25 Protected 19 38
SW26 Protected 20 40
SW27 Protected 21 42
SW28 Protected 16 32
SW29 Not Protected 26 52
SW30 Protected 11 22
SW31 Protected 9 18
SW32 Not Protected 19 38

Duplicate samples for both Shallow wells (protected and unprotected) replicated the same result after analysis to
confirm contamination.

Tablel: Field Duplicate Samples for Shallow wells

No. of | Coliform Density
Indicator shallow well colonies/50ml ([(No. of colonies)/(volume filtered)] x 100)
SW5(D) 34 68
SW9(D) 2 4
SwW24(D) 29 58
SwW30(D) 12 24

The analysis of contamination using coliform densities resulted in a continuous contamination surface
map indicating the potential extent of groundwater contamination. Four zones of contamination interpreted as
low, moderate, high, and very high within the study area were defined based on the coliform densities values
ranging from 0-67 as shown in Figure 2.This indicates that most of the study area has its groundwater
contaminated.
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Fig.2: Contamination Surface Map

il Relationship between Contamination and Environmental factors
The main result of the regression analysis was a summary report containing the coefficient estimates, their
standard errors, and a range of diagnostic statistics as shown in table 3.

Table2: Summary of GWR w Results - Model Variables

Variable Coefficient [a) | StdError t-Statistics Probability[b] Robust_t Robust_Pr VIF [c]
Intercept 5.345983 0.256791 2.372239 0.000000* 0.536921 0.136205 1.458000
Slope -0.92541 0.008746 3.465872 0.000000* -0.143256 0.523369 -
2.000022
Soil Permeability | 0.312915 0.002017 7.162642 0.050085* 0.003256 0.1901849 2.000022
Water table -0.000093 0.000325 4.305321 0.000000* -2.100001 0.123658 -
2.000022
Waste Level 0.75326 0.085053 1.568321 0.000000* 0.217369 0.424169 2.000022
Distance -0.812364 0.135689 5.782546 0.000000* 0.432845 0.142382 2.000022

iil. Groundwater Contamination Risk Zones in Kamkuywa Market Center

The resultant output from the weighted overlay analysis was a pollution map in Figure 3. The map showed
groundwater contamination risk zones in Kamkuywa market center from high to low, based on the key factors
i.e. slope, soil permeability, water table and waste level, and pit latrine- shallow well distance.
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Fig.1: Pollution Map
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From the results in Figure 3, 74% of the Kamkuywa market center is at high risk to groundwater
contamination while 7.1% is at low risk. The high-risk zone and very high-risk zone (5%) are characterized by
high population density of pit latrines and shallow wells, a soil permeability rate of 2.5, gentle and fairly low
slope ranging between 0-40%, very deep water table and pit latrines as well as very short safe distances between
pit latrines and shallow wells.

iv. Optimal Siting of Shallow wells from Pit Latrines

Running of the prediction model established at what point was there no contamination considering the
variability of the existing hydro-geological factors in the study area. From the prediction model, the optimal
siting (safe) distance of wells in Kamkuywa at which there was zero contamination prediction was between
31meters-33meters accounting for variability in soil permeability, topography, and water table as shown in
Figure 4.However, this distance (31-33m) was predicted on the assumption that the waste level depth was 2m
above the water table.

Safe Distance Prediction Map
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Fig.4: GWR w Prediction Output.

IV. Discussion

The presence of fecal coliform bacteria in 31 of the 32 sampled shallow wells in Kamkuywa indicates
that groundwater is contaminated with fecal material. The presence of fecal contamination is an indication of
potential health risks for individuals using water from these wells. Fecal coliforms by themselves are usually
non-pathogenic. They are indicator organisms, meaning they indicate the presence of other pathogenic bacteria.
While these bacteria do not directly cause disease, high quantities of fecal coliform bacteria suggests the
presence of disease-causing agents. If large numbers of coliform are found in water, there is a high probability
that other pathogenic bacteria or organisms such as giardia and cryptosporidium may be present.

The analysis of the existing 531safe distances between shallow wells and the nearest pit latrines in
Kamkuywa Market Center showed that; 63 shallow wells, which translate to 11.8% of the total population of
shallow wells in the study area, were at a distance of at least 40 meters from the nearest pit latrine. Additionally,
172 (32.4%) shallow wells were located at a distance greater than 30m from the nearest pit latrines. Further,
44.8% (238) shallow wells were a distance less that 15m from pit latrines.

From the results, 67.6% of shallow wells in Kamkuywa were located at a distance of less than 30m and
therefore were likely to be unsafe and contaminated. 44.8% of shallow wells located less than 15m from pit
latrines were mainly located in residential and commercial development areas and were found to have very high
coliform densities as compared to the 172 shallow wells that were at a safe distance greater than 30m from pit
latrines. 11.8% of shallow wells at a distance greater than 40m had a coliform density of 0-4/100ml. 60 of these
shallow wells had zero coliform counts while the three that had coliform range of 2-4/100ml were unprotected
shallow wells. These findings were supported by the laboratory results for the fecal coliform count test. Shallow
well SW18, the only shallow well that tested negative for fecal coliforms with zero (0) coliform density, was at
a distance of 32m from the nearest pit latrine.
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The long established environmental monitoring has involved the measure of the main parameters
mainly paying attention to physical-chemical parameters i.e. Soil permeability, Slope, distance, water table, and
pit latrine depth. Geographically weighted regression analysis results showed the relationship between these
factors and groundwater contamination. The Coefficient represented the strength and type of relationship
between each explanatory variable and the dependent variable.

Soil Permeability: The regression model showed a positive correlation between contamination and soil
permeability rates in the study area with a coefficient value of 0.312915 indicating the higher the permeability
rate, the higher the contamination level. Soil permeability influences the potential contamination of
groundwater. Studies that have been carried out to show the relationship between soil permeability and
groundwater contamination have established that, a greater seepage is likely in areas with more permeable soils.
[16], points out that the more permeable the soils, the faster is the movement of fecal coliform bacteria through
the soil medium. His findings conform to the events in Kamkuywa Market Center. This explains why areas with
a high level of contamination coincide with the soil permeability rate of 2.5 which is the highest in the study
area.

Water Table: The results of the regression analysis in table 3 showed that there is a negative relationship
between the depth of the water table in the study area and the contamination levels. This means that an increase
in the water table depth results in a decrease in groundwater contamination level. In many groundwater pollution
and quality assessment studies, water table depth is one of the most important parameters to help in
understanding the groundwater availability status as well as determining the distance between the land surface
and the water table, through which bacteria travel to the groundwater. Fluctuations in water table depth can
either increase or decrease the risk of groundwater contamination.

Waste level Depth: From the regression analysis, it is evident that pit latrine depth affected the quality of
groundwater as there was a positive coefficient of 0.075326 for waste level and therefore a positive correlation.
Areas with waste levels closer to the water table are highly vulnerable to groundwater contamination. Although
pit latrines recommended depth varies from one study to the other, most studies have recommended that it
shouldn't be dug deeper than to a vertical distance of at least 2m above the groundwater with regards to the
water table's seasonal highest level [17]. Based on the recommendations in [18], and the [19], the 2m safe
distance requirement above water table was violated and the waste levels were too close to the water table. This
explains why high groundwater contamination was confirmed particularly in areas with a deep water table
because though the water table was deep, most pit latrines in these areas were less than 2m above the water
table.

Slope: The slope affects the amount of infiltration and the rate at which pathogens move downward through the
soil to the water table. Low slopes are more conducive to high infiltration rates than steep slopes and therefore
vulnerable to groundwater contamination. The interpretation of the slope shows a majority of the study area has
a slope of 0-50 degrees which is vulnerable to groundwater contamination. However, the results of the
regression analysis that shows no relationship between slope and contamination. This can be interpreted to
mean; variation in ground slope does not influence groundwater contamination when the source of pollutant is a
pit latrine.

There is a long-recognized relationship between land use and groundwater pollution, although this phenomenon
may take a longtime to be noticed. Land use and economic activities in urban centers such as Kamkuywa with
no piped water and sewage system need to be subjected to some government regulatory control and requirement
of approvals to proceed with the construction of pit latrines and shallow wells. As a consequence, once
groundwater has been polluted it becomes very expensive and extremely difficult to clean it up and undo the
damage.

Geographically weighted regression prediction model (GWR w) predicted spatial variability of contamination
against distance, predicting a safe distance of 31m -33m for the study area. This implies that at a distance of
31m-33m based on the variability of the specific environmental conditions of the study area; - there will be zero
risk of contamination of a well from a pit latrine. This prediction was further supported by the results in table 1
where the only shallow well that tested negative for fecal coliforms was at a safe distance of 32m, a distance that
was within the model's prediction safe distance. This information on the minimum safe distance is useful for the
physical planning of Kamkuywa Market Center in determining the minimum specified plot size to ensure
adherence to the required safe distance in protecting groundwater from contamination and also the health risks
associated with it while also accommodating population growth, land-use change, and urbanization in
Kamkuywa Market center. It also contributes to the implementation of the Kenya Environmental Sanitation and
Hygeine Policy 2016-2030
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V. Conclusion

The study concluded that portable water in Kamkuywa Market Center is scarce. The presence of fecal
coliforms in domestic water in Kamkuywa Market Center indicates contamination which means that there is a
greater risk that other pathogens are present. Indeed pit latrines often promoted as safe and improved methods of
sanitation are a prominent source of groundwater contamination. Consequently, the use of pit latrines as the
main method of sanitation in Kamkuywa Market Center could result in health issues unless all precautionary
measures are taken to prevent seepage into groundwater which is equally the major source of domestic water.
Reduced safe distances between pit latrines and shallow wells and pit latrine depths and water table increase the
risk of groundwater contamination. Groundwater is polluted due to the violation of safe distance standard
guidelines set by the world health organization and the Kenya Environmental Sanitation and Hygiene policy
2016-2030. Finally, based on an area’s environmental characteristics, pit latrine-shallow well safe distances can
change or vary. Based on its environmental characteristics, 31m -33m is the minimal safe distance applicable for
Kamkuywa Market Center.
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