J

UOEH 42（ 3 ）: 237−249（2020）

237

［Original］

Proximity Density Assessment and Characterization of Water and Sanitation
Facilities in the Informal Settlements of Kisumu City: Implications for Public
Health Planning
Calvince O Othoo1*, Simeon O Dulo1,2, Daniel O Olago1,3 and Richard Ayah4
1
2
3
4

Institute of Climate Change and Adaptation, University of Nairobi, PO Box 29053-00200 Nairobi, Kenya
Department of Civil Engineering, University of Nairobi, PO Box 29053-00200 Nairobi, Kenya
Department of Geology, University of Nairobi, PO Box 29053-00200 Nairobi, Kenya
School of Public Health, University of Nairobi, PO Box 29053-00200 Nairobi, Kenya

Abstract : Access to water and sanitation remain a challenge in many developing countries, especially in pro-poor
urban informal settlements where socioeconomic livelihoods are generally low. The aim of this study was to characterise the water and sanitation facilities in the informal settlements of Kisumu City and to evaluate their effect on
community hygiene and health. The study focussed on the five urban informal settlements of Nyalenda A, Nyalenda
B, Manyatta A, Manyatta B and Obunga, and the three Peri-urban informal settlements of Kogony, Usoma and
Otonglo. Using descriptive techniques, the researcher surveyed 114 water sources and all sanitation facilities within
0-15 m and 15-30 m radii of the water sources. The findings revealed dominance of shallow wells and traditional pit
latrines as the primary water sources and sanitation facilities, respectively. Out of the water sources studied, 87.7%
(100) were shallow wells (mean depth 1.5 m), 9.6% (11) springs and 2.6% (3) boreholes. Most of these shallow
wells (83%) were within the urban informal settlements where uses range from washing and cleaning, cooking, and
even drinking (13.5%), despite the majority being unprotected. The analysis of the density of sanitation facilities
near the water points showed that 32.3% existed within a 15 m radius of the nearest water sources, in violation of
the recommended safe distance of 30 m. With an increased density of toilets near critical water sources and other
sanitary practices, public health is highly compromised.
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Introduction
Inadequate water supply and poor sanitation remain
widespread in low-income countries [1]. According to
the latest Joint monitoring program (JMP) progress on
sanitation and water report by the World health organization (WHO) and the United nations childrenʼs fund
(UNICEF) [2], about 32% of the global population lack

basic sanitation services, while about 159 million people still collected drinking water directly from surface
sources - 58% of whom are in sub-Saharan Africa. The
population with access to safely managed sanitation in
sub-Sahara Africa is the lowest in the world [3], and
only 28% have access to safely managed sanitation [2].
Some recent studies conducted in east and west Africa
revealed even worse conditions in urban informal set-
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tlements where access to basic sanitation and water was
chillingly low [4-6]. Safe handling of human excreta
from the point of generation to the point of use or ultimate disposal is key to efficient community sanitation
management [7]. This is particularly important as there
is a close association between sanitation management
and water quality [8, 9] and hygiene [10, 11]. Poor
water quality or pollution of water sources may be due
to bacterial or chemical seepage from pit latrines, and
may also result from broken septic tanks, irrigation, and
run-off water carrying agro-chemicals [12-16]. Notably, the spread of many infectious diseases, including
cholera and typhoid, has been associated with human
excreta and lack of adequate hygiene [17-19].
As already observed, urban informal settlements face
diverse challenges arising from poorly managed sanitation. In Kenya, for instance, a recent governmental
mid-term sanitation report showed that approximately
27 million US Dollars is spent annually on sanitation
related diseases [20], and the urban informal settlement
carry the largest responsibility. Urban informal settlements are characterised by poor livelihoods, congestion and lack of basic infrastructure [21]; it is, thus, not
uncommon to find water sources and pit latrines in very
close proximity to each other in these areas [22]. Moreover, due to increasing population pressure, sharing of
sanitation facilities and frequency of filling (or emptying) of toilet facilities is notably high as well. Kisumu
City is one of the Kenyan cities with the largest burden
of urban informal settlements [23], and several studies
have attempted to report gaps in access to and safety of
drinking water in these settlements [24-26]. Despite
these studies, none has conducted advanced ground
surveys to identify water sources and sanitation facilities using a proximity density approach. This study,
therefore, attempted to evaluate the potential public
health implications of high density sanitation facilities
within close proximity to critical water sources in eight
informal settlements of Kisumu City.
Characterising water and sanitation technologies
Water sources have been categorised as either improved/protected or non-improved [19]. An improved
water source is defined as one that by nature of its construction is protected from entry of physical, chemical
and biological contamination. Protected water sources

are covered by stonework, concrete or other materials
that prevent the entry of physical, chemical and biological contaminants, while unprotected sources are those
with no barrier to protect the water from contamination
[27]. Water from unprotected sources cannot be considered safe to drink unless treated [21]. It is noteworthy, though, that many factors, such as existing geology,
soils, topography and flooding risks may also directly or
indirectly influence the nature and types of water sources and their quality [10, 28]. Wells and springs draw
their water from subsurface saturated zones or aquifers,
which are zones bellow which there is permanent saturation of soil and rock pores with water [29, 30].
The characterization of sanitation facilities focuses
on the different systems, technologies and types in use.
A sanitation system includes the management, operation and maintenance required for ensuring safe and
sustainable functioning of the system [7, 31]. Sanitation systems can be classified into the following categories: (a) earth/dry and water-based types, (b) context
of use (i.e. shared or individual facilities), and (c) types
and stability of the structures (for instance mobile and
permanent facilities). A sanitation facility is the infrastructure dedicated to the disposal, conveyance or
treatment of waste, while sanitation technology is the
specific infrastructural configurations, methods or services designed specifically to contain, transform or
transport waste to another process, point of use or disposal [7]. Sanitation facilities come in different forms
and types with suitability for developing countries, the
choice of which depends on variable factors such as
social, economic and environment factors [32]. Examples of common sanitation facilities can be found in
the literature [7, 33-35], and may include, among others: the cat method or the dig and cover type, the traditional pit latrine (TPL) which describes a simple pit
latrine without any ventilation, the San-plat pit latrine,
the shallow double pit compost toilet (Fossa alterna),
and the ventilated improved pit latrine (VIP), which,
apparently, is widely promoted in low cost settlements.

Study Area and Methods
Study area
The study was carried out in the informal settlements
of Kisumu City, the principle lakeside city in western
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Kenya (Figure 1). Kisumu was established in 1898 as
an alternative railway terminus for the Kenya-Uganda
railway. Over the years, Kisumu has grown to be the
third largest city in Kenya, with an estimated present
population of 600,000 according to the recent Kenya
National Population and Housing Survey of 2019 [36].
Geographically, Kisumu is situated at 34°20ʼE and
34°70ʼE, 0°20ʼS and 0°25ʼS [22] and lies at an altitude of
between 1,160-1,400 m above sea level [37]. Kisumu
has an annual precipitation of between 1,111-1,407 mm
received in two major rainy seasons: March-May and
October- December, and a subdued rainfall peak in August [37, 38]. The temperature varies seasonally with
a mean annual temperature range from 18°C to 20°C
[39]. The city is surrounded by a mountain slope north
of the city, wetlands in the south, and two plain belts:
the Kano Plain in the south-east and Kanyakwar plain in
the north. Volcanic soils occupy the mountainous areas
of the Kisian hills and Riat hills towards the north and
most parts of the cityʼs central region [25].
The study focused on the urban informal settlements
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of Nyalenda A, Nyalenda B, Manyatta A, Manyatta B
and Obunga, and the peri-urban informal settlements
of Kogony, Usoma and Otonglo. Informal settlements
cover approximately 19% of the city [28] and host
about 60% of the cityʼs urban population – approximately 60,000 households with a population density
of between 6,000 and 21,000 persons per km2 [25].
The water table in most of the urban slums is relatively
high; in fact, in the informal settlements of Manyatta
and Nyalenda, the water table can often rise to depths
of 3 m [24, 28]. Despite this, water supply remains a
challenge in most of these informal settlements.
The informal settlements in Kisumu have a historical perspective that has changed little over the years;
the settlements have remained safe-havens to poor
migrants largely from neighbouring counties in search
of employment opportunities in the few industrial and
commercial establishments [40]. The bulk of these
migrants are likely to settle in the slums, in the process
adding to the pressure on the already impoverished
settlements [41].

Figure 1. Map of the study area showing the urban informal settlements (Nyalenda A, Nyalenda B,
Manyatta A and Manyatta B and Obunga) and peri-urban settlements (Otonglo, Usoma and Kogony).
(Inset: map of Kenya, Kisumu County, and the areas of interest, highlighted).

240

CO Othoo et al

Sampling techniques and data collection
The surveys targeted all the water sources and sanitation facilities (i.e. pit latrines) in the study area. To
deal with the complex settlement dynamics, the lack of
defined transects paths and the high density of sanitation facilities in the study area, a multi-sampling approach involving convenience, random sampling and
snowball techniques was used to identify target facilities. Convenience sampling aided the identification of
water sources, from where the researcher snowballed
to identify sanitation facilities in 15 m and 30 m proximity radius to water sources. Data was collected by
the use of semi-structured questionnaires (or checklist of questions), a hand held GPS device, measuring tools involving measuring tape, and a 15 m rod of
wire for measuring the depths of facilities and shallow
wells. Data was entered on a pre-designed data entry
matrix table. Water sources were assessed based on
type, depth, abstraction methods, usage, nature of wall
lining or protection existing, and, finally, the types and
density of sanitation facilities in close proximity to
shallow water sources and based on whether they are
shared or not.
A total of 467 sanitation facilities and 114 water
sources were sampled. The water sources comprised
100 shallow wells (SWs), 11 springs (Sps) and 3 boreholes (BHs), of which about 83.4% were from the urban informal settlements while the rest (16.4%) were
from control areas. Water sources were categorised as
SWs or BHs, depending on the depth, or as Sps, based
on the geological well classifications provided in the
literature [27, 42, 43]. The term “water source” in
this study exclusively refers to water sources outside
the municipal supply of the Kisumu Water and Sewerage Company (KIWASCO). The depth and water
level were measured by a 5 m long steel rod and a 50 m
tape. For deeper wells, the well owners provided the
information. Sanitation facilities within 15 m and 30
m radii of water points were recorded and their spatial
coordinates were taken.

undertaken. Once the number of facilities within 15 m
and 30 m radii were established, a percentage/ratio was
calculated to represent the proximity density of facilities per study area, as shown below:
Total number of pit latrines
Proximity density = within 15 m or 30 m per study site
Total number of SWs
Correlation analysis assisted to test for associations
between the variables, and testing of the statistical significance of the correlations was based on a P value of
0.05 (95% confidence interval). Generally, the outputs
were presented under thematic classes, i.e. type of facility, method of water abstraction, number of users,
type usage of water sources, nature of wall lining, and
types and characteristics of sanitation facilities. In this
study, the word “sanitation density” was used and interpreted as the number of pit latrines within a 15 m or
30 m radius of a SW.

Legend
Water source/point
15 m
30 m
Sanitation facilities

0

Data analysis
Quantitative data was analysed descriptively in Microsoft Excel (Microsoft, WA), and a ArcGIS buffering tool (ESRI, CA) was used to generate buffer plots
(Figure 2) from where accurate proximity analysis was

5

10

20 Meters

Figure 2. An illustration of the buffering procedure in
ArcGIS spatial analyst tool used in calculating proximity
sanitation density.
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tire study area. For all the study sites, HD was dominant
(85% cumulative) except in Kogony, where HD and L
were applied equally (HD = 50%, L = 50%). A significant negative correlation was established (R2 = 0.60)
between HD as an abstraction method and depth of SWs
in the study area (P = 0.003).

Types of water sources and methods of abstraction by
users
Of the 114 water sources studied in the entire study
area, 100 were SWs (87.7% of total), 11 were Sps
(9.6%), and three were BHs (2.6%) (Table 1). Out of
the SWs, 84 (84%) were from the urban informal settlements and the rest 16 (16.0%) were from peri-urban areas. The number of SWs was the highest in Nyalenda B
(24) and the least in Usoma (4) and Kogony (4). There
were 11 Sps studied in the entire study area; Nyalenda B had the highest number of Sps (6), followed by
Nyalenda A (3), Obunga (1), and Otonglo (1). There
were only three BHs surveyed in Manyatta A, Manyatta
B and Otonglo. Both tables further show the relative
depth and water head/level. The following types of water abstraction were observed (Table 2): hand drawing
(HD), electric pumps (EP), hand pump (HP), foot pump
(FP), and lever (L). Generally, HD dominates spring
water abstraction, and this was observed across the en-

Analysis of uses of water in the study area
The major uses of water identified were: washing/
cleaning (80.2%), followed by cooking (42.7%), drinking (13.5%), and, lastly, irrigation (2.1%) (Table 3).
About 75% and 71% of Nyalenda B and Nyalenda A residents, respectively, use SWs for washing and cleaning,
while about 62% and 59%, respectively, use the same
water for cooking. Results also showed that most of the
SWs attract a large number of users, especially during
dry seasons, in all the areas except in Usoma and Kogony (users during dry season: Nyalenda A = 600, Nyalenda B = 280, and Usoma = 480). Analysis of correlation
showed a significant positive association between uses
of SWs and depth of SWs (R2 = 0.78; P = 0.03).

Table 1. Assessment of water sources (SW and BH), depth (m), and water level (metres below ground level) in the urban
and peri-urban informal settlements
Urban informal settlements
Nyalenda B Nyalenda A Manyatta B Manyatta A Obunga

Peri-urban informal settlements
Usoma
Kogony
Otonglo

Item

Dth

W.l

Dth

W.l

Dth

W.l

Dth

W.l

Dth

W.l

Dth

W.l

Dth

W.l

Dth

W.l

Number of SWs
Min
Max
Median

24
0.6
9.1
3.4

0.5
3.0
1.1

17
1.2
9.1
4.0

0.3
5.5
1.7

14
3.0
15.6
8.1

1.5
4.6
2.4

7
4.6
15.2
8.8

0.3
7.6
0.6

22
0.6
3.0
1.8

0.0
0.9
0.3

4
3.0
24.4
9.9

1.5
4.6
3.0

4
12.2
24.4
14.5

4.9
15.2
7.0

8
7.6
45.7
14.5

1.5
9.1
6.1

SW: Shallow Well 0 - 50 ft or 0 - 15.75 m, Dth: depth, W.l: water level, BH: Borehole >100 ft or >30.5 m

Table 2. Summary of abstraction/water-withdrawal techniques practiced in the study area (excluding boreholes)
Settlement

Location

Urban Informal

Nyalenda B
Nyalenda A
Manyatta B
Manyatta A
Obunga
Usoma
Kogony
Otonglo
Sum as % of total

Peri-urban

Number of SWs
24
17
14
7
22
4
4
8
100

HD

EP

L

HP/FP

23 (95.8%)
12 (70.6%)
11 (91.7%)
6 (85.7%)
21 (95.5%)
3 (75.0%)
2 (50.0%)
7 (87.5%)
85 (85.0%)

2 (8.3%)
2 (11.8%)
1 (8.3%)
1 (14.3%)
1 (4.5%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
7 (7.0%)

0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
1 (25.0%)
2 (50.0%)
1 (1.25%)
4 (4.0%)

0 (0.0%)
2 (11.8%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
2 (2.0%)

% of shallow wells using given abstraction techniques. HD: hand drawing, EP: electrical pumping, L: lever, HP/FP: hand pump/foot pump
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Table 3. Analysis of uses of water sources in the study area
Settlement

Site

Urban informal

Nyalenda B

Type

Water
Sources
(n =114)

Laundry
&cleaning

Cooking

Irrigation

SW

24

18 (75.0%)

3 (12.5%)

15 (62.5%)

0 (0.0%)

SP

6

5 (83.3%)

1 (16.7%)

5 (83.3%)

0 (0.0%)

Nyalenda A

SW

17

12 (70.6%)

4 (23.5%)

10 (58.8%)

0 (0.0%)

SP

3

2 (66.7%)

1 (33.3%)

2 (66.7%)

0 (0.0%)

Manyatta B

SW

14

12 (85.7%)

2 (14.2%)

3 (21.4%)

0 (0.0%)

BH

1

1 (100%)

1 (100%)

1 (100%)

0 (0.0%)

Manyatta A

SW

7

3 (42.9%)

0 (0.0%)

1 (14.2%)

2 (28.5%)

BH

1

1 (100%)

1 (100%)

1 (100%)

0 (0.0%)

Obunga

SW

22

22 (100%)

0 (0.0%)

3 (13.6%)

0 (0.0%)

SP

1

1 (100%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Sum as % of total
Peri-urban

Drinking

96

77 (80.2%)

13 (13.5%)

41 (42.7%)

2 (2.1%)

Usoma

SW

4

4 (100%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Kogony

SW

4

4 (100%)

0 (0.0%)

4 (100%)

0 (0.0%)

Otonglo

SW

8

8 (100%)

0 (0.0%)

8 (100%)

2 (25.0%)

Sum as % of total

SP

1

1 (100%)

0 (0.0%)

0 (0.0%)

1 (100%)

BH

1

1 (100%)

1 (100%)

1 (100%)

0 (0.0%)

18

18 (100%)

1 (5.0%)

13 (72.2%)

3 (17.0%)

SW: shallow well, SP: spring, BH: borehole

Wall lining and method of well protection
The study revealed that all BHs (100%) had both
concrete sealing or cover and wall lining, making them
fully protected, while 34% of the SWs had wall linings, and 66% had none (Table 4). The percentage
of wells with wall lining in the urban informal and
peri-urban settlements was 27.3% and 64.7%, respectively. Table 4 also shows the nature of spring water
protection (n = 11), where only 36.4% of the Sps were
protected. Moreover, the table presents more aspects
of water source improvements like drainage characteristics, presence of outflow water pipe, and whether
seasonal or permanent during drier seasons. Analysis
of correlation established a significant positive correlation (R2 = 0.44; P = 0.022) between SW wall protection and well depth.
Analysis of sanitation types and characteristics in
proximity to water sources
The major types of facilities identified were: VIP,
TPL, septic tank or flush toilets (S/F), and ecological
sanitation (ECOSAN) facilities (Figure 3). TPL was

the most dominant in the study area, distributed as follows: Manyatta A (43%), Manyatta B (63%), Nyalenda A (72%), Nyalenda B (50%), Obunga (74%), and
Usoma, Kogony and Otonglo at 53%, 19% and 60%.
Among the urban informal settlements, Nyalenda B
had the largest number of VIP toilets, accounting for
40% of all the facilities studied. The least VIP was
registered in Manyatta B and Nyalenda A. There were
about 3% and 1% ECOSAN facilities in Manyatta B
and Nyalenda B, respectively.
The study also assessed the extent of the sharing
of facilities; the result shows a higher extent of pit
latrines among different households in the urban informal settlements than in the peri-urban settlements.
In terms of numbers, the results for the urban slums
show the following: Nyalenda A (19.5%), Manyatta
A (19%), Nyalenda B (17%), Manyatta B (16%), and
Obunga (15%), while the peri-urban results showed
Usoma (4%), Kogony (2%), and Otonglo (6%).
An analysis of proximity density (number of facilities within 15 m and 30 m radii of water sources)
between sanitation facilities and water sources is pre-
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Table 4. Description of the conditions and protection of shallow wells and springs (excluding boreholes) in the study area
Settlement

Site

Number

Protected

Concrete
drainage

Outflow
pipe

Seasonality
(permanent)

SWs (n = 100)
Urban informal

Nyalenda B

24

3 (12.5%)

Nil

14 (58.0%)

Nyalenda A

17

1 (6.0%)

0 (0.0%)

Nil

8 (57.0%)

Manyatta B

14

5 (35.7%)

4 (28.5%)

Nil

8 (55.0%)

Manyatta A

7

6 (85.7%)

3 (43.0%)

Nil

3 (43.0%)

22

5 (22.7%)

2 (10.0%)

Nil

10 (45.0%)

Obunga
Peri-urban

6 (26.1%)

Usoma

4

1 (25.0%)

-

Nil

1 (25.0%)

Kogony

4

2 (50.0%)

2 (50.0%)

Nil

1 (25.0%)

Otonglo

8

8 (88.9%)

7 (78.9%)

Nil

2 (22.2%)

100

34 (34.0%)

21 (21.0%)

-

47 (47.0%)

Sum as % of total

Springs (n = 11)
Urban informal

Peri-urban

Nyalenda B

6

3 (50.0%)

2 (33.3%)

2 (33.3%)

2 (33.3%)

Nyalenda A

3

1 (33.3%)

1 (33.3%)

1 (33.3%)

3 (100%)

Obunga

1

0 (0.0%)

1 (100%)

0 (0.0%)

1 (100%)

Otonglo

1

0 (0.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

11

4 (36.4%)

4 (36.4%)

4 (36.4%)

6 (54.5%)

Sum as % of total

80

60

40

VIP
TPL

20

S/F
ECOSAN

Urban Infomal settlement

Otonglo

Kogony

Usoma

Obunga

Nyalenda B

Nyalenda A

Manyatta B

0

Manyatta A

Types of sanitation facilities in the study area (%)

Nil: no presence of outflow pipe, SWs: Shallow wells

Peri-Urban settlements

Figure 3. Summary of types of facilities in the study area of interest. VIP: ventilated improved pit latrine, TPL: traditional pit
latrine, S/F: septic tank or flush toilets, ECOSAN: ecological sanitation.
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sented in Table 5. This approach was useful in understanding both the density of facilities within the settlements as well as in understanding the potential impacts
of the facilities on neighbourhood water sources. The
results show the following: a) at 15 m proximity to SW,
higher latrine density ranges were recorded in Nyalenda A (2.5) and Manyatta B (2.1), followed closely by
Nyalenda B (1.8), then Obunga (1.6) and Manyatta A
(1.4). The aggregate sanitation density for the urban
informal settlements was 1.9 for 15 m radius. Generally, the mean sanitation density for the peri-urban areas
were lower (0.3) compared to the urban informal settlements (1.9). The density at 30 m proximity followed a
similar trend, except that instead of Nyalenda A, Manyatta B and Obunga took the lead at 6.4 and 4.8, respectively, for the urban informal settlements. Nyalenda A
followed at a distant third (4.1), then Manyatta A and
Nyalenda B, with 4.0 and 2.4, respectively. There was
a constant sanitation density (2.0) across all the SWs in
the three settlements in the peri-urban areas.
Proximity sanitation densities for Sps and BHs

across the study area are presented in the same table.
The results show that Nyalenda B had the highest sanitation density around Sps at 15 m and 30 m proximity
(4.8 and 6.7), while Otonglo had the least, at 2.0 and
3.0, respectively. For BHs, no settlement had more
than one sanitation facility within a 15 m radius of each
BH, but Manyatta A had the highest number of facilities (density = 4.0) at 30 m proximity density of a BH.
More interestingly, however, this study revealed a relatively high density of latrines around Sps, with some
areas (i.e. Nyalenda B) having more than SWs (density
of 4.8 against 1.8, and 6.7 against 2.4, at 15 m and 30 m
radius, respectively).

Discussion
Characteristics of water sources and sanitation facilities
in the study area
There were two main objectives formulated for this
study: firstly, the characterization of water and sanitation facilities, with the aim of highlighting the exist-

Table 5. Analysis of proximity density of sanitation facilities to water sources in 15 m and 30 m radii of water points in the
study area
Proximity density at 15 m and 30 m radii
Settlement

Site

Type of Water
Source

Urban informal

Nyalenda B
Nyalenda A
Manyatta B
Manyatta A
Obunga

Peri-urban

Cumulative average
Usoma
Kogony
Otonglo

Cumulative average

Number of water
sources (n = 114)

15 m

30 m

SW
SP
SW
SP
SW
BH
SW
BH
SW
SP

24
6
17
3
14
1
7
1
22
1

SW
SW
SW
SP
BH

3
3
10
1
1

1.8
4.8
2.5
2.0
2.1
1.0
1.4
1.0
1.6
2.0
2.0
0.0
0.0
1.0
2.0
1.0
0.3

2.4
6.7
4.1
3.3
6.4
3.0
4.0
4.0
4.8
4.0
4.3
2.0
2.0
2.0
3.0
1.0
2.0

Proximity sanitation density around water source = (No. of sanitation facilities/No. of water source points). cumulative mean or average
= sum of sanitation densities across all settlements/number of settlements. SW: Shallow well, SP: spring, BH: borehole
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ing baseline conditions; and finally, the assessment of
proximity density of sanitation facilities within 15 m
and 30 m for potential cross-contamination impacts.
On water source characterization, our study revealed
that SWs remain critical water sources in the informal
settlements; the large number of SWs in the informal
settlements and the large number of users attest to this
fact. Nyalenda B, for instance, an area of less than 4
km2, had 24 SWs and 6 Sps. In some areas, a single
SW attracted over 500 users; an example is Nyalenda
A, where 600 users relied on one SW during the dry
season. Although the facilities and users were more
in the urban informal settlements, the numbers were
relatively less in the peri-urban areas. The important
role of these SWs was further underscored by the fact
that the majority of informal residents put them to the
most trusted uses, such as cooking (42.7%), laundry
and cleaning (80.2%), and even drinking (13.5%). For
the peri-urban areas, a greater number used these water
sources for drinking compared to their counterparts in
the urban slums. Generally, SWs and BHs in the periurban settlements are deeper, and deeper wells tend to
be fuller and protected. This could perhaps explain the
reasons for the increased confidence in the use of such
wells in the peri-urban areas for more sensitive uses
like drinking.
The high reliance on SWs, Sps and BHs in the urban
informal settlements - commonly known as slums further attests to the growing social and economic depravities characterising urban informal settlements in
developing countries, of which Kisumu is an example
[41]. Informal settlements are known to host large
populations of the urban poor and vulnerable residents.
Most of these settlements offer home to many poor
city immigrants seeking employment and cheap labour
in these cities [44]. Some of these settlements also occupy areas of poor hydrology, high water table and frequent flood-risks and other environmental vulnerabilities, factors reported as responsible for the prevalence
of SWs and poorly constructed pit latrines in these
slums [27, 38]. Poor hydrological conditions limit the
construction depth achievable and also the durability
of facilities [43], and these conditions are essentially
true of Kisumuʼs urban informal settlements [44]. The
existing concern is that the situation in the informal
settlements may grow worse with increased urbaniza-

245

tion and rural-urban migration, and there is likely to be
more congestion in the slums, more pressure on existing facilities and more danger of shared facilities and
frequency of filling of pit latrines that would potentially present huge challenges to public health.
Additionally, the majority of the SWs in the study
were characterized as non-improved or non-protected, and few have either wall linings or concrete top
covers, meaning a high susceptibility to contamination. Deeper wells were found to have better protection than shallower ones, as shown by the positive
correlation (R2 = 0.44), a scenario that explains why
the peri-urban wells were deeper and better protected
than those in the urban slums. The study, moreover,
established that, due to lack of protection on most
SWs and Sps, all sorts of abstraction techniques were
in use, the hand drawn abstraction method remaining
dominant. Interestingly, the negative correlation (R2 =
0.60) found to exist between hand drawn abstraction
methods and depth of SWs generally indicated that the
deeper the well the less the HD methods applied, essentially meaning that deeper wells are safer from contaminations arising from HD. The problem with the
HD technique is that the rope used might hide harmful
microorganisms or act as a potential breeding ground
for pathogens, and there is continuous exposure to surface contamination during HD.
Sanitation density around water points and Implications
on community health
Our findings on proximity sanitation density analysis near water sources established high numbers of pit
latrines around water sources (Table 5), with about two
and four pit latrines within 15 m and 30 m radius to water sources in the urban and peri-urban informal settlements, respectively. The pressure is even more on Sps,
as records show in Nyalenda B and Manyatta A. Previous research has shown that biological and chemical
pollutants could leach through the underground soil
into wells, BHs or Sps if the proximity is close. A
study by Aidoo confirmed a negative correlation between bacterial load in water and the distance between
the pit latrine and water sources [45]. The same study
revealed a much greater risk of contamination on SWs
as opposed to deeper wells, and that the risk increases
during the rainy seasons when the aquifer is “topped
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up” more rapidly and contaminant migrations are accelerated. The WHO provides recommendations for
safe distances from pit latrines to the nearest critical
environmental resources such as SWs and Sps; for instance, it is recommended that a pit latrine should at
least be 30 m from a shallow water well, BH or Sp,
and at least 2 m above an underlying water table [34].
This means that the proximity density findings from
our study are in violation of this requirement, and, obviously, a public health concern.
The problems with close proximity of sanitation
to water sources are that most pit latrines, as already
seen, are traditional, with poor state of construction,
and highly prone to frequent filling and emptying.
The emptying processes, especially in the urban informal settlements, are rather rudimentary and unhygienic [46], as many residents cannot afford expensive
emptying/exhauster services. Residents sometimes
open an even shallower open pit adjacent to the filled
TPL where contents are directly transferred from the
filled pit into the new opened one. Sometimes the pit
content is emptied into an open drainage channel or
sewage flow [23]. These practices put adjacent water sources at great risk, considering that most of these
water sources are highly depended on by the majority
of residents. Nonetheless, there is a significant uptake
of VIPs and ECOSAN in the area, albeit to a smaller
percentage (<30%) on average.

Conclusions and Recommendations
This study found that SWs and Sps remain critical water sources in the study area. However, most
of the water sources are shallow and unprotected, despite their use for critical services such as cooking and
drinking. Uses and usage of water sources may reflect
prevailing water supply conditions in an area; overdependence on a given water source might be an indication of water stress, lack of alternative water sources,
or inadequacies in municipal water supplies. Residents
might be relying on SWs simply because they have no
affordable municipal water supply. Water usage is an
important public health concern, especially where the
use is a potential route of contaminant exposure. The
study also found that most residents use pit latrines sited without due consideration of the safe distance rec-

ommendations by the WHO for possible contaminant
control. These results reflect the underlying water and
sanitation problems of major pro-poor informal settlements not only in Kenya, but across many urban centres in the developing world. With the growing urban
population, which might translate to increased growth
of the urban informal settlements, more sustainable
and improved sanitation solutions are needed to protect these informal settlements.
The study makes the following recommendations
to Kisumu: (a) community-led sensitization programs
targeted at improving awareness of improved toilet
facilities and general public hygiene; and, (b) development of compelling regulations through bylaws to
ensure SWs in the slums are protected and sited at safe
distances from toilet facilities; and in the long run, a
more targeted intervention to improve municipal water
supply and sewerage services in the informal settlements as a way of eradicating overreliance on SWs
and pit latrines.
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