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ABSTRACT
A shallow well is a hole dug, bored or drilled less than 50M deep to extract water.
Contamination of shallow wells with fecal matter presents a grave public health threat in
developing countries, such as Kenya. A report by WHO shows that 1 billion people practice
open defecation with nine out of ten of them in rural areas. In Kenya unsafe water, sanitation and
hygiene are the 2nd leading risk factors causing morbidity and mortality at the national and
county levels respectively. In Dede Division, 65.5% of households depend on shallow wells for
domestic needs and there are rising trends of confirmed cases of fecal-related diseases. The study
sought to assess technical determinants of fecal contamination status of shallow wells in Dede
Division. A cross-sectional study of households using the wells was conducted. Fisher’s formula
was then used to calculate the sample size of the heads of households, giving a sample size of
386 heads of households. Out of the 180 shallow wells, 54 (30% of 180) were proportionately
sampled and grab sampling technique adopted while sampling water from each of the sampled
shallow wells. Basic physical parameters like temperature, turbidity and pH were analyzed by a
portable turbidity meter and pH meter while H2S rapid field test was employed for total
coliforms analysis of grab samples in the field. Fecal contamination status of each well was
determined by Membrane Filter Technique in kisumu government labaratory. Chi-square test
was used to measure associations between variables while Multi-variate logistic regression
analysis applied to test the hypothesis. The study revealed significant associations between
several technical determinants and fecal contamination status of shallow wells e.g. distance (M)
from a latrine to a well at (X2=51.46; df=2; P=0.000), with majority of wells within safe
distances of contamination (>10M) but still tested positive for fecal coliforms, distance (M) from
the nearest cattle pen if any at (X2=20.90; df=2; P=0.004) with a significant majority of shallow
wells testing positive for fecal coliforms, damage or lack of concrete plinth at (X2=8.53; df=2;
p=0.014), breaks/cracks on the parapet walls if any at (X2=9.81;df=2; P=0.007), breaks/cracks in
the cover/top slab if any at (X2=9.42; df=2; P=0.024), breaks in the drainage channels at

(X2=40.94; df=2; P=0.000), shallow well covered while not in use at (X2=6.37; df=2; P=0.041),
shallow well fenced out at (X2=10.68; df=2; P=0.000,) respectively. Majority of shallow wells
(69%) tested positive for E. Coli, a strong indicator for presence of fecal matter in water, with
only 31% testing negative. Common technical determinants (risk factors) are functions of fecal
contamination status of shallow wells in Dede Division. Households in Dede Division. Sufficient
treatment of water from shallow wells by households in Dede division before consumption is
agent to help reduce the rising trends of fecal related diseases in the Division.
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INTRODUCTION
A water well is a hole in the earth that is dug, bored, or drilled to obtain water for residential use.
If it's less than 50 meters deep, it's termed shallow (King, 2014). From a health standpoint, fecal
contamination of water refers to the contamination of water with pathogens that can be found in
human small and large intestines. Through the fecal-oral route of transmission, ingesting fecescontaminated water causes a number of diseases that affect people. In 1998, it was estimated that
2.2 million deaths per year were caused by diarrhea, with a considerable number of these deaths
attributable to fecal pollution of water, with the vast majority of victims being children in rural
parts of poor countries. More than 1 billion people globally are projected to be without adequate
access to safe drinking water, while more than 2 billion people are without basic sanitary
facilities (WHO, 2009). The rate of occurrence is 2.0 cases per 1000 people at risk (Loharika et
al., 2013). Diarrheal diseases are the fifth most prevalent cause of morbidity and mortality in
children under the age of five in the United States, and the third and second most common causes
in the counties, respectively (DHIS, 2012). This may be largely owing to the use of polluted
water, particularly in rural regions. This, combined with the high prevalence of HIV/AIDS,
which has rendered many county residents immune-compromised, has raised their vulnerability
dramatically.
Statement of the Problem
In underdeveloped nations like Kenya, where significant numbers of households lack access to
clean and secure water supplies and rely on untreated surface water sources or shallow
unprotected groundwater for domestic use, fecal contamination of underground water sources
poses a serious public health issue (WHO & UNICEF, 2009). According to a WHO report on
Global Analysis and Assessment of Sanitation and Drinking Water, one billion people perform
open defecation, with nine out of ten of them living in rural areas, and 1.8 billion people
consume fecal-contaminated water (WHO, 2014). The prevalence of water-borne diseases,
particularly diarrheal diseases, has increased as a result of rapid population growth and
inefficient fecal waste management (WHO, 2009). Diarrheal diseases are the fifth leading cause
of morbidity and mortality in children under five years nationally and the third and 2nd leading
cause of morbidity and mortality in children under five years at the county levels respectively
(DHIS, 2012). In Dede Division, there have been rising trends of confirmed cases of fecal-

related diseases for the last four years (DHIS, 2014), Awendo Sub-county. In Dede Division
alone, there were 62 confirmed cases of cholera in March 2015, averaging 2 new cases per day
(DHIS, 2014) in Awendo Sub-county (DHIS, 2014). As a result, the goal of this study was to
determine the technical factors that influence the fecal contamination status of shallow wells in
Dede Division, Migori County.
Specific Objectives
1. To assess Technical determinants of fecal contamination status of shallow wells in Dede
division.
Hypothesis
1. Technical determinants are not a function of fecal contamination status of shallow wells
within Dede Division.
MATERIALS AND METHODS
Study Design
The study used a cross-sectional study design since relevant responses from heads of households
and well water samples were obtained at one specific point in time and no treatments or followups were conducted after the inquiry was concluded. Water samples from the shallow wells were
collected and transported to a government laboratory for bacteriological (fecal coliform) analysis
using Analytical Design.
Location of the Study
The research was carried out in Dede Division, which spans 108.30 square kilometers. It is
divided into two wards, West-Sakwa and North-Sakwa, with a total population of 45,152 people
(Census, 2009).
Target Population
A total of 180 shallow (hand dug) wells and approximately 4008 households using wells
respectively in Dede Division (MOH, 2014), Awendo Sub-county.
Sampling Techniques
Households and Shallow Wells
Cluster sampling was employed to divide the Sub-County into two wards namely: North-Sakwa
and West-Sakwa respectively. The wards were then further Clustered into sub-locations namely;
South-Kanyamgony, North-Kanyamgony, Rabondo, Kamresi, Kadera-Kwoyo, Kadera-Lwala,
East-Kakmesia, Kanyasrega, and West Kakmesia respectively (see table I).

Shallow Well Water Sampling Technique
The method of obtaining water samples was employed. As specified by the World Health
Organization's drinking water quality criteria, grab samples were taken from each shallow well
using a standard 500ml sterile sample collecting vial (1997).
Transportation of Grab Samples
Although recommendations vary, the time between sample collection and analysis should, in
general, not exceed 6 hours and 24 hours is considered the absolute maximum (WHO, 2010).
The grab samples were therefore transported within 6 hours, in a light-proof insulated box with
melting ice or ice parks with water to ensure rapid cooling to KIWASCO government laboratory
in Kisumu for further bacteriological (fecal coliforms) analysis.
Sample Size Determination
i)
Shallow Wells
Out of the 180 shallow wells, 54 (30% of 180) were proportionately sampled for water sampling
(see table I).
Research Instruments
i)
A Checklist
A checklist was developed to help assess technical determinants i.e, observable sanitary risks
around the wells, well protection status by checking different construction elements e.g.,
Siting/location and topography in relation to sanitary facilities e.g. latrines was examined by
checking the positioning of shallow wells whether uphill, downhill or relatively on a flat ground
visa-vi latrines and animal waste sites-cattle pens. Finally, the distance between shallow wells
and the nearest latrines and cattle pens was determined by a tape measure and the results noted.
ii)
Water Sample Collection Form
A model water sample collection form (WHO, 1997) was adopted and used to record collected
grab samples results both physical (temperature and turbidity) in the field and bacteriological (E.
coli) at the laboratory. Some details included, sample collection time, well number, date of
collection, sub-location of collection, date of analysis, and time of analysis.
Pilot Study
The pilot study was conducted in Kabuoro Ward outside the actual study area. In addition, 10%
(n=17) of the sample size of the heads of households was used in the pilot.
i)

Validity

Validity of the questionnaire was ensured through asking relevant questions that helped answer
the specific objectives of the study. The researcher also discussed the contents of the
questionnaire and the checklist with experts (supervisors) before collecting data in order to
enhance content validity. Research assistants were adequately trained before being allowed to
participate in data collection in the study.
ii)
Reliability
The study maintained a high level of reliability by ensuring that questions outlined in the selfadministered questionnaire were constructed using simple language that was easy to understand
by all potential respondents. Cronbach’s alpha analysis was run on the piloted questionnaires
with the aim of attaining an alpha level of 0.75 and above.
Data Collection Techniques
An observational checklist was used to collect technical data from shallow wells and their
environs in the study. In addition, water samples were collected on standard 1000ml sterilized
laboratory bottles and immediately placed in a light proof Insulated box containing melting ice or
ice-packs with water to ensure rapid cooling.
Data Analysis
i)
In Situ Measurement of Microbial Parameters
Hydrogen sulfide (H2S) rapid field test was used to test for presence or absence of total
coliforms in the grab samples, after which grab samples positive for total coliforms were safely
transported to the laboratory for fecal coliform analysis.
ii)
Laboratory Analysis of Grab Samples
Membrane Filter Technique was adopted to test for E. coli presence in the grab samples initially
identified as positive for total coliforms. Aseptic technique was applied as per WHO standards
(WHO, 1997).
Data Management and Analysis
Data was managed by Statistical Package for Social Sciences (SPSS) version 20 and Microsoft
Excel 2013 soft wares. This involved data coding, data entry, data cleaning, data summarization
and data organization. Descriptive statistics were employed in organizing and summarizing data
sets of collected variables. Chi-square was used to test associations between variables while
multiple linear logistic regression analysis used to test the hypotheses (Kothari, 2004).
Logistical and Ethical Considerations
Permission was obtained from the National Commission for Science Technology and Innovation
(NACOSTI) to conduct the study. Ethical clearance was sought from Kenyatta University
Research Ethics Committee for any ethical issues which may have risen during the study.

Thereafter, the County Government of Migori, Awendo sub-county public health office, and the
chiefs in charge of Dede Division were informed of the intention of the study. Informed consent
was then sought from the selected respondents (heads of house-holds) and the purpose of the
study explained to them to encourage voluntary participation. Confidentiality of participants was
ensured through coding of questionnaires.
RESULTS AND DISCUSSIONS
Fecal Contamination Status of Shallow Wells
In Dede Division, a total of 54 grab water samples were collected from 54 shallow wells out of a
total of 180 shallow wells. The wells that were sampled served these 386 dwellings. As soon as
the grab water samples were acquired, each of the 54 samples was tested for total coliforms
using an H2S assay. The results revealed that total coliforms were found in 96.3 percent (n=52)
of the 54 water samples analyzed. The positive samples were then safely transported in light
proof insulated box with melting ice-packs to the laboratory for fecal coliform analysis. Using
the filter membrane technique, majority of the water samples from shallow wells in Dede
Division tested positive for Escherichia coli 69% (n=36) showing presence of fecal matter
(figure 4.1). As shown in figure 4.1, a significant majority of shallow wells (69%) tested
positive for Escherichia Coli, a strong indicator for presence of fecal coliforms in water, with
only 31% testing negative showing absence of fecal matter. This concurs with a study conducted
in Conakry, Guinea, which showed widespread contamination of shallow dug wells (Howard et
al. 2003). Given the numerous technical risk variables that are strongly linked to fecal
contamination status, this is accurate.
Table 4.7 shows that 44 percent (n=24) of pit latrines in Dede Sub-county are more than 15
meters away from shallow wells, whereas 28 percent (n=15) are 6-10 meters and 11-15 meters
away, respectively. Majority 51.2% (n=28) of cattle pens (if any) within homesteads are located
more than 15M away from the respective shallow wells, 40.6% (n=22) located 6-10M away,
4.2% (n=2) located between 11-15M away and the rest 4% (n=2) located between 1-5M away
from the nearest shallow well. Most shallow wells 59.9% (n=32) are located uphill in relation to
the nearest cattle pen (if any), with 35.6% (n=19) located downhill and only 4.5% (n=2) located
on a relatively flat ground in relation to the nearest cattle pens. A significant majority 70.1%
(n=37) of shallow wells had no damage to or lack of a concrete plinth with only 29.8% (n=16)
having damaged/cracked plinths. Most shallow wells 54.6% (n=29) had no significant
cracks/breaks on their parapet walls with about 45.4% (n=25) having the same. The study further
observed that a significant majority 51.2% (n=28) of shallow wells in Dede Sub-county had
breaks/cracks in the cover/top slab with about 48.8% (n=26) with no cracks on the top slab. A
minority 44.1% (n=24) had breaks in their drainage channels with the majority 65.9% (n=30)
having no breaks on their drainage channels. Very few wells 21.9% (n=12) are covered while not
in use while over 71.8% (n=42) are not covered while in use. Finally, it was observed that a

significant majority 61.2% (n=33) of shallow well areas in Dede Sub-county are not fenced with
only 38.6% (n=21) of them fenced out.
As outlined in table 4.8, Study findings revealed very significant associations between several
technical determinants and fecal contamination status of shallow wells. Distance in meters from
a latrine to a well had a significant association with fecal coliform presence in wells at (X2
=51.46, df=2, p<0.001), with majority of wells within safe distances of contamination (>10M)
but still tested positive for fecal coliforms. In addition, Distance in meters from the nearest cattle
pen if any had a significant association with fecal contamination status of the wells at (X2
=22.97, df=2, p<0.001) with a significant majority of shallow wells testing positive for fecal
coliforms. The study further revealed significant associations between damage or lack of
concrete plinth (X2 =8.53, df=2, p=0.014), breaks/cracks on the parapet walls if any (X2 =9.81,
df=2, p=0.007), breaks/cracks in the cover/top slab if any (X2 =7.24,df=2, p=0.024), breaks in the
drainage channels (X2 =40.29df=2,p<0.001), shallow well covered while not in use (X2 =6.37,
df=2, p=0.041), shallow well fenced out (X2 =15.29,p<0.001, df=2) and fecal contamination
status of the wells respectively.
As shown in table in table 4.8, the chi square analysis run further revealed no association
between location of the well in relation to the nearest latrine at (X2 =5.29,df=2, p=0.071), well
protection status at (X2 =1.45, df=1, p=0.228,) and fecal contamination status of shallow wells
respectively.
The analysis affirmed that technical determinants in general are a function of fecal contamination
status of shallow wells at (p<0.001) there by rejecting the null hypothesis, “Technical
determinants are not functions of fecal contaminations status of shallow wells,” and failing to
reject the alternative. This therefore means that technical determinats generally are predictors
(point to) of fecal contamination status of shallow wells in Dede Sub-County, Migori county,
Kenya.
Conclusion
Technical determinants are a function of fecal contamination status of shallow wells in Dede
division. Most of shallow wells in the study area are fecal contaminated.
Recommendations
• Households in Dede Division should ensure that shallow wells are properly treated for fecal
contamination before using water from these sources.
• The relevant authorities should inform households in Dede Division on prevalent routes of
fecal contamination of shallow well water, as well as proper hygiene and sanitation practices
around shallow wells, in order to prevent fecal contamination of the wells.
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TABLES
Table I: Sampling Frame of Shallow Wells and Households in Dede Division
Sub-Location No. of Sample Size of
N/n No. of
Sample Size of
Wells wells in @ SubH/holds H/holds in @ Sublocation
using
location
wells
25
{25/180}*54=8
3
544
{544/4008}*386=52
South
Kanyamgony
Rabondo
20
{20/180}*54=6
3
381
{381/4008}*386=37
31
{31/180}*54=9
3
596
{596/4008}*386=57
North
Kanyamgony
Kamresi
21
{21/180}*54=6
4
543
{543/4008}*386=52
KaderaKwoyo 25
{25/180}*54=8
3
472
{472/4008}*386=45
KaderaLwala 25
{25/180}*54=8
3
475
{475/4008}*386=46
East
10
{10/180}*54=3
3
379
{379/4008}*386=37
Kakmesia
West
7
{7/180}*54 =2
4
319
{319/4008}*386=31
Kakmesia
Kanyasrega
16
{16/180}*54=5
3
299
{299/4008}*386=29
Totals
Sample Size

180
54

--54

4008
386

N/n

10
10
10
10
10
10
10
10
10

--386

Table 4.7: Technical Determinants results as observed in the Study Area
Technical Determinants

Categories

n

%

Distance in Meters from the nearest latrine to the well

6-10

15

28%

11-15

15

28%

>15

24

44%

Distance in Meters from the nearest cattle pen (if any) to
the well

Well location in relation to the nearest cattle pen (if any)

Damage to or lack of concrete plinth

Breaks/cracks on the parapet wall

Breaks/cracks in the cover/top slab

Breaks in the Drainage channel

Well covered while not in use

Well Area fenced out

1-5

2

4%

6-10

22

40.6%

11-15

2

4.2%

>15

28

51.2%

Down hill

19

35.6%

Uphill

32

59.9%

Relatively flat
Ground

2

4.5%

Yes

16

29.8%

No

37

70.1%

Yes

25

45.4%

No

29

54.6%

Yes

28

51.2%

No

26

48.8%

Yes

24

44.1%

No

30

65.9%

Yes

12

21.9%

No

42

78.1%

Yes

21

38.6%

No

33

61.2%

Table 4.8: Chi-Square Test Results on Relationships between Technical Determinants and
Fecal Contamination Status of Shallow Wells
Technical Determinants
Risk Factor

Fecal Contamination Status
Categories

Present

Absen
t

Chi-square

Distance (M) from nearest latrine
to the well

6-10

45

61

11-15

90

16

>15

127

40

1-5

10

5

6-10

88

66

11-15

10

6

>15

132

32

Downhill

145

50

Uphill

35

39

Relatively flat
ground

35

7

Damage to or lack of concrete
plinth

Yes

88

25

No

149

85

Breaks/cracks on the parapet wall

Yes

75

19

No

142

65

Yes

79

37

No

138

47

Yes

19

32

No

198

52

Yes

3

2

No

214

82

Yes

60

9

No

157

75

Distance (M) from nearest cattle
pen (if any) to the well

Location of the well in relation to
the nearest cattle pen (if any)

Breaks/cracks in the cover/top slab

Breaks in the Drainage channel

Well covered while not in use

Well Area fenced out

X2 =51.46; df=2; P<0.001*

X2 =20.90; df=4; P<0.001*

X2 =22.97; df=3; P<0.001*

X2 =8.53; df=2; P=0.014*

X2 =9.81; df=2; P=0.007*

X2 =7.42; df=2; P=0.024*

X2 =40.94; df=2; P<0.001*

X2 =6.37; df=2; P=0.041*

X2 =15.29; df=2; P<0.001*

*Significant at 0.05
Table 4.9: Showing further Chi Square Test Results on Relationships between Technical
Determinants and Fecal Contamination Status of Shallow Wells
Technical Determinants
Risk Factor

Fecal Contamination Status
Categories

Present

Absent

Chi-square

Location of the well in
relation to the nearest
Latrine

Well protection status

Downhill

103

32

Uphill

147

80

Relatively flat
ground

12

5

Protected

82

44

Unprotected

180

73

X2 =5.29; df=1; P=0.071

X2 =1.45; df=1; P=0.228

Table 4.11: Showing a Multinomial Logistic Regression Analysis of Technical
Determinants as functions of Fecal Contamination Status of shallow Wells
Model Fitting Information
Model
Model
Likelihood Ratio Tests
Fitting
Criteria
-2 Log
Chi-Square df
Sig.
Likelihood
Intercept
389.198
Only
Final
147.382
241.816
20
<0.001*
*Significant at 0.05
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