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Abstract

This paper studies the efficiency of onsite wastewater management systems in a developing peri
urban area, Utawala, on the outskirts of Nairobi city, Kenya, currently used due to lack of a centralised
waste management system. It relates the system efficiency with environmental considerations, sizing,
construction, and maintenance of the systems which are some of the factors considered during selection.
A total of 25 systems were studied ranging from pit latrines, biodigesters and septic tanks. The total
efficiency for the systems studied was 44% with 56% considered to be failing. When considering the
systems serving 25 — 100 persons only, the efficiency rate was 22.22% with 77.78% considered to be
failing. The area studied had clay black cotton soils and a hard phonolite layer beneath as its geological
make up. This study demonstrated that the study area with poor soil absorption capacity was not suitable
for handling absorption-based systems for large developments. While maintenance is critical to improve
the functioning of these systems, especially in areas with absorption difficulties, it is often expensive
and can be neglected leading to failure. Sizing of absorption-based systems in less absorbent areas
should include a soak pit detail based on the actual geophysical properties to improve the working of
these systems. Thinking about waste as a resource is helpful and can promote the use of recycling
systems but they could be expensive install and therefore decentralised systems to serve a larger group
of developments should be considered where the centralised sewer treatment option is not available.

Keywords: Absorption-based systems, biodigesters, onsite wastewater management systems, septic
tanks, Soak pits
INTRODUCTION

Sub-Saharan Africa (SSA) is widely recognized serve the areas. Septic tanks, which have been the

as the world’s fastest urbanizing region. Presently,
urban areas house 472 million people, and this
number is expected to double within the next
25 years. By 2050, the global share of African
urban residents is projected to increase from 11.3
percent (as of 2010) to 20.2 percent, Saghir et al,
(2018). This is characterised by pressure on the
service provision systems. As proposed by Filion
et al,, (2017), there is an urgent need to study the
inefficiency of the local infrastructure in keeping
with the high urbanisation rate especially in the
developing countries where urban area wastewater
management suffers. Peri urban areas pose a
unique challenge to wastewater management
attributed to its non-uniform characteristics of
the population and mixed use of land. This makes
it difficult to choose appropriate technologies to
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go-to for most new developments are inefficient
for most high-density developments.

This study dove into the suitability and efficiency
of the existing onsite wastewater management
systems (OWMS) in the peri urban areas of
Mihango, Embakasi East Constituency in Nairobi
County Kenya. It also evaluates the potential
causes of failure and provide a framework
for appropriate selection of common onsite
wastewater management methods for peri urban
areas.

THEORY

Human activities generate waste. Wastewater
management refers to any practises and set of
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principles that relate to the collection, treatment,
and the disposal of waste in the various forms
of existence which include but is not limited to
refuse, wastewater from households and human
excrement. Onsite wastewater —management
systems are systems that are used to treat wastes
from homes and businesses wherever they occur
as described by Omenka (2010). Ergas et al.
(2021) proposes that although sewerage coverage
will continue to improve in the future, the costs
of construction remain prohibitive in rural
and suburban communities. OWMS (Onsite
wastewater management systems), therefore
provide a real opportunity for urban dwellers
and city planners to manage their waste by
storage for exhaustion, partial treatment, and full
treatment. As illustrated by Mochu et al (2016),
in the Mlolongo and Ruiru study areas, 74%
of the population in these satellite/peri urban
areas relied on OWMS. According to Ergas et al.
(2021) the benefits of these systems include their
affordability, simplicity in operation, potential
for groundwater recharge and recovery of water,
energy, and nutrients in proximity to their point
of origin.

Critical in the understanding of wastewater
management is how the process impacts people
and the environment. Wastewater management
approach should not be confined to the thinking
that wastewater should be discarded, but instead
should embrace the cyclic nature of the natural
environment and view it as a resource, Buechler
et al. (2005).

According to Peal et al. (2020) Increasing amounts
of human waste produced in developing cities is
managed poorly and an estimate of about 14%
of the contents of pit latrines and tanks are not
efficiently emptied which may lead to overflowing,
leakages, or discharge into the surrounding
environment. However, this failure of onsite waste
management system can be a result of aggregation
of causes that shows up as failed onsite systems.
Omenka et al. (2010) noted that failure of these
systems could stem from improper choice of
systems and a lack of maintenance. Failure of
OWMS can be visible or invisible. Invisible failure
predisposes the community to health hazards.
Visible failure is presents as effluent and bad odour
emanating from the OWMS.

A range of factors have been cited in the OWMS
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provision that could cause failure. At the building
plans approval levels, Architects, engineers,
and urban planners approve the construction
of typical OWMS (i.e. septic tanks) for most
proposed developments. During construction, the
level of expertise in building these units cannot
be appropriately assessed which could lead to
structural failure. The construction regulating
organisations are not equipped with enough
band width to follow up with the quality of
construction on individual construction projects.
After construction, the role of maintenance falls
on the owner of the building and negligence on
their part could also cause failure of OWMS.
However, Schneider (2020) argues that even
though wastewater management systems suffer
an ill repute due to their documented high
failure rates, most of the failure can be accredited
to insufficient monitoring and maintenance
system. Willets et al. (2007), proposes that onsite
wastewater management systems are sustainable
for single dwelling units but on a larger scale,
their efficiency and sustainability is reliant on the
maintenance and management of these systems.
Strande et al. (2014) set out the conditions that can
be deemed for the successful implementation of
technologies and system options which included
geographical conditions, climate considerations,
and population density, as well as the importance
of operation and maintenance in their book on
Faecal Matter Management (2014). Omenka et al.
(2010), collaborates this citing local circumstances
such as the area topography, the development
density, the type of soils, community attitudes and
site characteristics.

According to Bradley et al. (2002), it is common
to find that the simplest, most affordable, and least
maintenance systems are the ones that are chosen
by landlords. With increasing technological
advancement, they suggested a criterion for the
selection of wastewater management systems
based on a reasonable set of social, economic, and
environmental criteria holding that previously,
systems such as septic tanks had been approved
without much consideration of their maintenance
requirements. OWMS include septic tanks, pit
latrines, cesspits, biodigesters and wastewater
recycling units. Their application in Kenya and
Nairobi is highly dependent on the availability
of funds (cost), and the handling capacity of
the units. In Kenya, these systems are applied
indiscriminately and can be a function of common
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practice, cost and the required capacity.

The role of efficient onsite wastewater management
systems in urban planning cannot be side-lined.
Mouratidis, (2021) outlines residential wellbeing
as one of the pathways to the linking the built
environment to the subjective sense of wellbeing.
He proposes that urban planning a strategy to
improve the subjective sense of wellbeing that
residents develop from the environment.

A study conducted by Cookey et al. (2016), in
Nigeria found that the public policy documents
on OWMS were inadequate to cater for standard
construction, installation, operations and
maintenance and ultimately enforcement. Mochu
et al, (2016), proposes a sustainable model that
includes generation, containment, and treatment
and re use/minimum disposal that this project
sought to build upon to allow developers and
builders to select the appropriate technologies to
help them attain this formidable goal. It is quite
clear from literature and previous studies that there
is a need to create actionable planning processes
that enable decision makers to comparatively
analyse available sanitation options allowing them
to choose the most appropriate systems which
could vary between distinct locations and densities
(Carrard et al. (2010).

Types of onsite wastewater management systems
include mechanical treatment methods (e.g
trickling filters and sequential bath reactors),
Aquatic treatment methods (eg. facultative
lagoons and constructed wetlands) and terrestrial/
land treatment methods (eg. Septic tanks)

Factors considered when choosing a wastewater
management system include the capacity required,
the type of waste to be handled, the ground water
level, the soil type in the area, impervious surfaces
present and the monitoring and maintenance
required during operation.

Systems theory proposed by Ludwig, Niklas
and Keneth and further expounded by Midgley
(2003), can be used to explain the relationship
between various components in the wastewater
management system that can be attributed to the
failure or success these systems. The efficiency
of onsite wastewater management systems is an
interaction of various components such as the
structure of the system itself, environmental

conditions and the human aspect of maintenance
and management. If these systems are inefficient,
the impact is felt on the larger ecological system
of an area.

The tragedy of the common’s extension by Hardin
(1998) hasbeen thisresearch toillustrate theimpact
of inefficient waste management technologies on
the environment and illuminate on the reasoning
behind the use of the common resource (land)
by the masses for wastewater management. The
tragedy is not taking out of the environment but
rather adding into the environment. This is a
demonstration of unlimited freedom on the use
of land resource. The uncontrolled use of land
eventually leads to pollution

RESEARCH METHODS

This research was a case study by design. Both
qualitative and quantitative approaches were
used, as descriptions, numbers and statistics
were employed to highlight and analyse the data
collected. Specifically, the research design is
correlational as the study aimed to find if there
existed the hypothesized relationship between the
variables presented in the conceptual framework.
Due to the extensive amount of data that was
required for this study, the research methods
employed included observation of the physical
environment, guided interviews to find out the
details on the onsite waste management systems
available and their management, questionnaires
where applicable and study of archival data and
empirical documents to confirm the geotechnical
conditions in the area of study and to come up
with the framework for selection of the onsite
waste water technologies.

The research was conducted in Embakasi, Nairobi
County, Kenya. The exact location of the study
has been omitted to ensure the privacy of the
respondents. The study aimed to investigate the
efficiency of OWMS within the case study area.
The source of data were the waste management
units within the housing developments in the case
study area.

The population describes the total number of
OWMS that the study seeks to find out the
characteristics. For this study, the population is
the entire number of OWMS serving residential
units in the area demarcated for the case study, as
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described in the geographical scope of the study.
The sampling frame (30 units) was accurately
determined once ground truthing had taken place
and the residential units pre-qualified.

In this study, all units in the case study area had
an equal and known chance of being selected
for the study if they were pre-qualified for data
collection. Bad odour, rate of evacuation, visibility
of effluent within the environment of the waste
systems had been identified as indicators of
inefficiency in OWMS as outlined in Figure 1.
Data was acquired through direct observation and
guided questionnaires with housing development
managers. Additional data on the structural,
environmental and maintenance aspects was also
gathered using the guided questionnaires.

The analysis that was performed included
frequency tables to show the most common
OWMS, the general efficiency across systems and
across diverse types of residential developments.
These results were then presented in cartographic
presentations such as tables and pie charts. The
collected data was taken through various diagnostic
analyses to get data that further allowed the study
to make various inferences from the calculated
factors. Correlations were used to determine to
which extent the variables affect each other. The
study used Pearson’s correlation coefficient to test

the relationship between the variables.
RESULTS AND DISCUSSION

a. Geographic Characteristics of the Area

From the data collected, the area physical
characteristics were mostly uniform with a layer
of black cotton soil, between four feet (1.2 m) to a
maximum of eight feet (2.4m) deep. This therefore
skews this study towards the study of efficiency of
OWMS in these geographical conditions. Below
the surface, according to Saggerson (1991) the
area to the east of Nairobi where the study area is
located has an extensive phonolite layer which is
characteristically impermeable (Figure 2).

b. Descriptive statistics
The following is the distribution of the types of
OWMS systems visited during the study period.

c. Overall Efficiency of the Onsite Wastewater
Management Systems

The failure rate among the OWMS visited was 56%
with 44% found to be in good working condition
(Table 1).

d. Efficiency of Onsite Waste Management
Systems with respect to System Type

The failure rate varied among the available OWMS
as repsesnted in Table 2.

Structural design and Construction
Household type
Type of waste
Capacity
Building approvals

Registered contractor

Environmental factors
Soil type in the area

Groundwater level in the area

Omnsite waste water management system
efficiency

Bad odour
Effluent

Permeability of the substratum in the
area

Operations and maintenance
Maintenance schedule

Technical capacity for maintenance

Independent variable

\

Rate of waste evacuation

Muddy sections/wet areas/ponds
around the wastewater system

Dependent variable

FIGURE 1

Conceptual framework
Source: Field survey, 2024
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Thindgua (1)

Kerichwa valley tuffs
FIGURE 2

The geology of Nairobi

Source: Adapted from Coetsiers et al., (2008)

TABLE 1
OWMS systems visited during the study

ONWS systen

Frequency Percent Valid Percent

I Nairobi Trachytes

Kiambu Trachytes

[0 Nairobi Phonolites
[0 Mbagathi Trachytes

Kandizi Phonolites

I Athi series

Cumulative

Percent

Valid Pit Iatrine 2 8.0
_Septic tank 19 76.0

Septic tank + Biodigester 4 16.0

Total 25 100.0

8.0

76.0

16.0

100.0

8.0
84.0

100.0

Source: Field survey, 2024

Failure rate

11
3

TABLE 2

Failure rate among different waste management systems
OWMS System Type Total Number|Failed systems
Septic tank 19
Septic tank and biodigester
Pit latrines

0

57.89%
75.00%
0.00%

Source: Field survey, 2024
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e. Efficiency of onsite Waste Management Type
with Respect to Size of Structure

The study considered the impact of capacity on
the efficiency of the structure with the results as
shown in Table 3.

f. Most Common Types of Failure
The OWMS were investigated for various failure
types which included bad odour, dark effluent

being released into the environment, soggy
ground within the vicinity of the development and
short desludging intervals (Table 4).

g. Causes of Failure in OWMS

A number of factors had been highlighted in
the conceptual framework (Figure 1) and their
occurrence from the data is as shown in Table 5.
Limitations of the study - The area of study

TABLE 3
Efficiency of OWMS vs Capacity

Number of Failed Failure
Residential type OWMS Type respondents systems |rate
Single dweller unit (less
than 10 persons) Septic tanks and Pit latrines 5 0| 0.00%
Commercial residential
unit (10-25 persons) Septic tanks 2 1| 50.00%
Commercial residential
unit (25 - 50 persons) Septic tanks 9 7| 77.78%
Commercial residential |Septic tank and Septic tanks
unit (50 -100 persons) |combined with biodigesters 9 7| 77.78%

Source: Field survey, 2024

TABLE 4
Most common types of failure in OWMS

Failed
OMWS Failure mode Number|Occurrence
15|Bad odour - 26.67%
Effluent being released into the environment (dark
15 |effluent) 10 66.67%
15|Soggy ground in the vicinity of the development 6 40.00%
15|Short de sludging intervals 10 66.67%

Source: Field survey, 2024

TABLE 5
Most common sources of failure in OWMS in the case study area
Total failed Occurrence in  |Percentage in
OWMS Cause of failure failed units failed units
Mismatch between waste production and
15| system selected/Inappropriate system choice 0 0.00%
15|Soils and geographical characteristics 13 86.67%
15 |Inappropriate sizing of the system 3 20.00%
15|Poor construction 3 20.00%
15|Poor maintenance 13 86.67%
Nearby ground water use e.g. Boreholes,
15| Wells, groundwater 15 100.00%

Source: Field survey, 2024
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|Leakages due to

adherence to

desludging periods

ruct though |maintenance and

¢ shelf

consi

s are now

able

optic

avai

1f well-

constructed,

minimal impact Joff th

High

maintenance.

Desludging is
required at

depending on

Suitable for all soil

types as waste is

contained within the Jregular intervals|

structure

Commonly used OWMS selection framework

TABLE 6¢

High capital |

investment
especially
for large

Jprojects

JEffluent is highly

pathogenic and

Waste is exhausted
once the system

fills up

Both black water and

grey water

5 - 10 persons
10 - 25 persons
25 - 100 persons

" |0-5 persons

tank/holdin,

/collection
tank

Cess pits

Legend

Advisable

]
(|
-

Use with caution

Not recommended

Source: Field survey, 2024

CONCLUSION AND RECOMMENDATIONS

Most construction professionals are aware of the
size requirements based on the number of people
the system is expected to serve. Construction
professionals also have experience in this sector
regarding the type of construction of structure
required. Therefore, there was no significant
correlation between the soundness of the
structure itself with the low levels of efficiency that
were recorded in the study especially for systems
serving twenty-five or more persons. However,
there was a culture of replication of OWMS from
one development to the next which does not allow
people to appropriately respond to the variable
ground conditions that they encounter especially
in the case of infiltration-based systems.

When sizing the systems especially in the case
of biodigesters and septic tanks, the drawings
submitted for approval should also show the
size of soak pit allocated to the system and
indicate the existing ground conditions in order
for the county engineers to be able to assess the
viability of the proposed systems. Ultimately, the
absorption reliant waste management systems are
not practical for areas with clay soils over a rocky
substratum especially with the increasing number
of high-density developments which increase the
wastewater output and reduce the already limited
ground for absorption of this waste.

Regarding the proximity of water sources to waste
management systems, most respondents were
not aware of the level of risk posed and therefore
further study on the risk and public education on
the same should be conducted to ensure developers
and own property developers (landlords),
understand the risk. Lack of maintenance was
mostly seen where the systems were not working
as anticipated which therefore led to the increased
need for exhaustion of waste. Developers, not
having factored this cost of operations abandon
maintenance unless necessary which leads to
effluent being released to the environment.

When choosing waste management systems,
the expected running costs should be clearly
outlined to give developers and landlords a true
estimate of the cost of the project. It is also key
to equip the caretakers/house managers with the
specific skills required to handle the systems. For
rapidly developing semi urban areas with poor
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soil absorption and rocky substratum such as the
study area, decentralised wastewater management
systems (community systems), or centralised
sewer systems offer the best solution to the
constantly changing landscape.
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