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ABSTRACT
Uganda’s urban wetlands like Kinawataka wetland are increasing affected by effluent
discharge from different industrial establishments which poses a great threat to their
different components and surrounding dependant human communities. The wetland is
a vital ecosystem that provides livelihood opportunities and acts as a watershed that
removes nutrient loads from water. However, land use changes and wetland
degradation have negatively impacted the quality of water flowing in and out of the
wetland. This study summarizes the impacts of land use on spatial and temporal
water quality variations within Kinawataka Wetland in Uganda. This study therefore
assessed the impacts of pollution loading on water quality within Kinawataka wetland
in Kampala district. The study primarily focused on mapping land use changes,
geographical and temporal fluctuations in physico-chemical parameters, heavy
metals, and nutrient concentrations in water along Kinawataka Wetland in order to
provide baseline data for its future conservation and sustainable usage. This study
undertook a quantitative research approach with data collected from four purposively
selected sites within Kinawataka wetland. In addition to Land use mapping around
purposively selected sites, some parameters were measured in-situ whereas others
were analysed in the Laboratory. The study findings in Figure 3 illustrate land use
changes in Kinawataka wetland (2010-2020): significant growth in built-up areas, a
fluctuating pattern for agricultural land, and consistent declines in forested areas and
papyrus coverage. Water quality analysis was performed according to Standard
Methods for the Examination of Water and Wastewater. The study findings revealed
that apart from pH, other physico-chemical parameters of water significantly differed



(P < 0.05) at different sites within Kinawataka wetland and over study seasons. Heavy
metal concentrations also varied among sites with sites closer to point source
industrial effluent discharge such as site 2 having higher concentrations of heavy
metals compared to sites distant from industrial establishments such as site 1, 6 and
3. Further, Nutrient concentrations in water varied differently among sites along
Kinawataka wetland with each site irrespective of location having a particular
nutrient in relatively higher concentration than that at other sites. Further research
was recommended to ascertain the implications of the effluent discharge on the

biological properties and diversity of Kinawataka wetland components in general.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Wetlands account for 47% of the ecosystem and play a vital role in regulating climate
change, protecting the ecosystem and providing economic value to human beings (Hu
S.J., 2017). The role of wetlands within the world is rather evident, mainly to the
people that live within its neighborhood and in the improvement of water quality
from one point to another, not to mention the preservation of biodiversity. Wetland
areas inherently provide beneficial functions such as flood control, water storage,
purification of pollutants and maintenance of biodiversity. Globally, many wetlands
have been exploited or used unsustainably which has resulted in a 35% loss in the
global wetland extent since 1970 despite 169 countries having ratified the Ramsar
Convention, wetland losses and degradation (Gardner, 2018). Due to social economic
development and land use changes in wetland areas, the total wetland area in the
world is reducing gradually as a result of agricultural intensification , expansion of
farmlands and construction activities. Where wetlands are not directly destroyed by
land use changes, pollution of the wetlands has significantly reduced water quality of
the wetlands which inturn impairs ecosystems (Zeng et al., 2015).

In Uganda, wetlands occur all over and cover an area of 11% of the land area. A
simple classification by AFRICOVER denotes the area covered by wetlands as follows:
seasonal wetlands (7.7%), permanent (3.4%) and swamp forests (<0.1%) (MWE, 2013).
Uganda has multiple legislation and framework designed to ensure protection of
wetlands which includes The National Policy for the Conservation and Management of

Wetlands, Environment Act of 1995, Land Act 1997, Local Government Act 1997,
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Environment Impact Assessment Regulations 1998, the Wetland Regulations 2000 and
the Constitution 2010. Despite all these legislations and policies, wetlands have
continually been degraded across the country in Urban areas due to encroachment for
settlement and in the rural areas for agriculture (MWE, 2014). Additionally, the
wetlands in different river basins have experienced a decline of over 53.8% in Lake
Victoria basin and 14.7% in Lake Albert drainage basin due to weak enforcement of
existing laws, continued disregard for the existing laws and policy with impunity
making enforcement difficult, and lack of coordination amongst key government
institutions (UN, 2016). In 2015, the Ministry of Water and Environment estimated
that Uganda was losing an average of 5,000 hectares of wetlands per year. In 2023, it
was noted that Uganda had a wetland coverage area of around 22,500km? which
reduced from 30,000km? recorded in the year 2000 implying a 25% loss in the past
two decades.

Kinawataka wetland falls along a line and string of wetlands that are crucial to the
water system of the country along the River Nile. The Kinawataka wetland is an
important habitat in the Lake Victoria watershed that helps to reduce pollution and
floods while also sustaining groundwater supplies and quality (Amos, 2021). Wetland
management, in its most basic form, entails planning for the long-term use of this
ecosystem, implementing measures, and monitoring them to ensure that adequate
livelihood possibilities are realized (Kakuba & Kanyamurwa, 2021). However, due to
intensive cultivation, climatic change, industrial pollution, and other anthropogenic
activity, this wetland has suffered serious ecological deterioration. Wetland's

capacity to give supportive opportunities, on the other hand, can only be sustained if
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its exploitation is accompanied by efficient wetland management methods. From
1992 to the present, the Kinawataka wetland, the research’s focal point, has dropped
by 46% and its deterioration has increased from 49% to 95% (Kakuba & Kanyamurwa,
2021). This condition of affairs serves as the foundation for assessing the impacts of

urbanization around the wetland within the recent years.

Evidence from other wetlands; in Nigeria, Kenya and UN documents indicate the
deterioration levels of wetland integrity based on population growth,
industrialization and other developments which is also a trend being identified in
Kinawataka (Maximus, 2008, UN, 2019). Also, more recent studies indicate that the
wetland’s efficiency to filter water has deteriorated; Total nitrogen, total dissolved
solids, and total phosphorus concentrations in the stream flowing out of the upper
Kinawataka wetland were all above NEMA's maximum permitted threshold, wetland
retention of most toxins was far lower and the worsening of the quality of water
moving into and out of the Upper Kinawataka wetland has been linked to the
shrinkage of the wetland over the previous 20 years, mostly due to industrialization,
agriculture, and settlement (urbanization) (Amos, 2021). SDG 15 enjoins UN member
states to "protect, restore, and promote sustainable use of terrestrial ecosystems,
sustainably manage forests, combat desertification, reverse land degradation, and
halt biodiversity loss” (Kumar et al., 2016, Kakuba & Kanyamurwa, 2021). Despite
Uganda having the Uganda Wetlands policy in action as compared within the legal
framework which directs that all wetlands should not be; drained for use, their roles
maintained and environmental impact assessments always done to ensure

sustainability (Government of Uganda, 1995), the Kinawataka wetland still faces
3



trouble with increasing changes that result from urbanization. It is in this light that
the study aims to show the impacts of urbanization practices such as population
growth, industrialization and infrastructure development on the filtration ability and

community in the wetland.

In addition, changes in the concentration of nutrients in water from aquatic sources
such as Kinawataka wetland may lead to harmful effects on humans and aquatic life.
Many heavy metals in watercourses are often associated with industrial emissions
(Mdamo, 2001) and probably heavy metals that are common in industrial effluents
are toxic to aquatic life. The chemical composition of the aquatic organism reflects
not only the type and diversity of aquatic biota but also the level of water and water
pollution (Birley and Lock, 1999). For example, Cadmium is believed to inhibit the
absorption and retention of Calcium in the bones, while excess lead in humans
severely impairs the function of the central nervous system. Second, depending on its
availability for biota, Cadmium may accumulate a number of aquatic organisms,
including fish. Also, studies have shown that fish can be as badly affected as 0.03 mg
/ L of lead in water. In addition, copper is essential for the normal growth of many
aquatic organisms but is toxic to concentrations as low as 10 g / | (Birley and Lock,
1999). All of this points to the health risks of exposure to areas contaminated with
heavy metals. Many heavy metals in flowing water are often associated with
industrial extraction and almost all common heavy metals in industrial wastewater

are accumulating toxins from the water (Kansiime., et al, 1994)



Biodiversity collection may also increase their focus on toxic levels and endanger
endangered species, which in turn need to be conserved for tourism activities and
future research. Oils and oils are naturally toxic and may contain heavy metals such
as Lead and Cadmium. Qil and grease are not certain chemical substances but can
include thousands of natural chemicals with different physical, chemical and toxic
properties (Alsbou, et al, 2018) Oil and grease give off odors, disrupt the natural
balance of flow components and are harmful to human health and the functioning of
other organisms that use running water as a habitat and other activities. Phosphates
are generally not considered to be harmful to human consumption but show a
complex effect on the natural environment especially the eutrophication of open
water systems. For example, the phosphate found in purifiers may lead to
eutrophication of surface water (Ramachandra, 2017). Nitrites (NO;) and Nitrates
(NO3) are nutrients that when released from open water can cause eutrophication.
Excessive concentration of nitrate promotes the growth of marine organisms such as

algae (Zhang .et al,2017)

1.2 Statement of the research problem

Biodiversity use in a sustainable manner within Uganda is a struggling case and as
such, wetlands have also been degraded and changed from their natural function
based on anthropogenic activity. The Kinawataka wetland, has in fact, continuously
shown deterioration in its functionality with evidence of consistent cases of flooding
and delivery of unsafe water which indicates that the wetland is being destroyed.
Considering the activities around the wetland, the filtration capacity of the wetland

has become a problem, which, if not solved, has possibility to elevate flood
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occurrence and spread of infectious diseases in the neighborhood. Increased
Activities (car washing in the swamp, industrialization) in the wetland are destroying
its capacity to fully filter water. Flooding is at an increased level due to swamp
reclamation and Reduction in Animal and plant species in the wetland is becoming a

biodiversity issue.

Wetlands such as Kinawataka wetland are known to act as natural filters for nutrients
and contaminants that originate from the catchment area, thereby protecting the
water quality (Kansiime and Nalubega, 2000). However, Kinawataka Wetland is
overwhelmed with partially treated effluent that do not meet the minimum effluent
standards. Effluent from industries is discharged into Nakawa-Ntinda streams without
adequate treatment or no treatment at all resulting in nutrient enrichment, the
accumulation of toxic compounds in biomass and sediments (Dunbabin, 1992), loss of
dissolved oxygen in water and other nuisances. The presence of such pollutants not
only degrade the quality of water, but are also a potential health risk to the aquatic
and associated biota. Several studies have been done in Uganda on the effects of
industrial effluents on the quality of water in receiving streams (Angiro et al, 2020;
Wanasolo et al, 2018; Walakira & Okot-okumu, 2011). Specific to Kinawataka
wetland, there is gap in literature on the relationship between the quality of water
up-stream and that quality of water where the stream drains in relation to the
subsequent industries that discharge at Nakawa-Ntinda stream. This study will

therefore fill that gap.



1.3 Objectives

1.3.1 Main objective

The study assessed the impacts of land uses on the spatial and temporal water quality

variations within Kinawataka wetland in Kampala district.

1.3.2 Specific objectives

The specific objectives of the study were;

i.

iii.

To determine and map out the different land uses within Kinawataka wetland
over the past 10 years

To assess the spatial variations in the physico-chemical water parameters and
nutrient concentrations within Kinawataka wetland.

To assess the temporal variations in the physico-chemical water parameters

and nutrient concentrations within Kinawataka wetland.

1.4 Research questions

The following research questions guided the study;

i.

iii.

How has land-use evolved within Kinawataka wetland and its overall impact on
water quality within the different areas?

What is the level of physico-chemical parameters and nutrients in water at
different locations within Kinawataka wetland?

What is the state and concentration of physico-chemical parameters, and

nutrients in water over the different seasons within Kinawataka wetland?



1.5 Significance of the Study

Wetland management is critical in promotion of conservation and smart use of all
wetlands through a variety of local techniques and international cooperation in order
to achieve global sustainable development (Rojas-Uredo, 2017). The analysis of the
deterioration functionality of the Kinawataka wetland does not only benefit the
wetland community therein, but also the people around. The study will assist the
relevant industries and authorities in designing appropriate preventive measures to
ensure that the water quality in the streams is improved. It will also act as an
enforcement tool for compliance monitoring. The information generated by this study
can support Kampala Capital City Authority and Wakiso District Local Government in
strengthening capacity for wetland management and water quality assessment.
Kinatwataka water quality data generated by this research can be used at national
level in pollution monitoring of various water sources like wetlands by various
government authorities such as Ministry of Water & Environment, National
Environment Management Authority, Directorate of water Development and other

authorities.

1.6 Conceptual Framework

The conceptual framework shows the cause-effect relationship between land uses and
anthropogenic activities such as human, settlement, and industrialization into the
wetland and its overall impact on the environment and human health within
Kinawataka wetland. This has seen changes in levels of physico-chemical parameters,
and nutrients of water in the different sections along the wetland (Figure 1). In this
study, the relationship between the factors affecting water quality of the Kinawataka

8



stream were presented in the conceptual framework. Water quality was affected by
the lithology of the water source, the land uses within the wetland and the
anthropogenic activities around the stream. The independent variables were the land
uses and anthropogenic activities whereas the dependent variable was the water

quality of the stream as shown in Figure 1 below.



Kinawataka Stream Land Uses within Kinawataka

wetland

[Agriculture, wetland/papyrus, Built-

J, up area, Forested area]

Anthropogenic activities
[Farming, Industrialisation, Fishing,

Solid waste disposal, human settlement,

tree planting, Untreated waste water |

disposal]

Environmental impacts
[Wetland degradation, Wetland &

Water quality

[pH, Electrical  Conductivity, Total

.. ) water pollution from point source
Alkalinity, Total hardness, Floride, P P

. . ) . and non-point source
Chloride, Nitrite, Nitrate, Ammonium, P ]

Potassium, Manganese, Silicon Oxide,
Biological Oxygen Demand, Chemical

Oxygen Demand]

AN

Potential health threats

[Bioaccumulation, Fish consumption.

Water consumption]

Figure 1: Conceptual framework for the research project
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CHAPTER TWO: LITERATURE REVIEW

2.0 Introduction
In this chapter, studies conducted by different researchers on wetlands and wetland
water quality were discussed. Gaps therein which led to the study were also

highlighted.

2.1 Kinawataka Wetland and its Ecological Significance

Wetlands, located in transitional areas between dry lands and water bodies, are
recognized as productive ecosystems with potential to support the UN Agenda on
Sustainable Development Goals (SDGs) (Gokce, 2019; McElwee & Wood, 2017;
Seifollahi-Aghmiuni et al., 2019). These well-managed wetlands can contribute to SDG
1, addressing poverty eradication, by providing livelihood opportunities in vulnerable
communities (Gideon & Bernard, 2018). However, effective public management is
crucial to harness the resources and coordinate efforts. Livelihood opportunities
within wetlands have a direct impact at personal, household, and community levels
(Lamsal et al., 2015). Management encompasses organizing, administering, and
governing organizational affairs (Malandrino et al., 2019). This paper highlights three
key facets of management: planning, implementation, and control, to examine their
impact on livelihood opportunities in urban wetlands. These management mechanisms
are crucial for aligning performance with organizational objectives.

The potential of wetlands to provide supportive opportunities can be sustainable only
when their exploitation is supported by effective wetland management measures

(Rebelo et al., 2009; McElwee & Wood, 2017). This is the essence of SDG 15, which
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calls on United Nations member states to "protect, restore, and promote sustainable
use of terrestrial ecosystems, sustainably manage forests, combat desertification,
reverse land degradation, and halt biodiversity loss" (UN, 2019). Wetland management
is essential because of the role it plays as a promoter of conservation and wise use of
all wetlands through diverse local approaches and international cooperation to
achieve sustainable development worldwide (Ramsar, 2017). This role has long been
recognized in the 1971 Ramsar Convention, approved by over 169 member states in
Iran. Essentially, wetland management involves planning for the sustainable use of
this ecosystem, implementing strategies, and controlling them to ensure that
appropriate livelihood opportunities are achieved (Nabahungu, 2012; Lamsal et al.,
2015). It is, thus, important to investigate this management model with a focus on its
most central facets of planning, implementation, and control to measure the logical
linkages with livelihood opportunities in urban wetland settings.

Wetlands are globally recognized as waterlogged ecological structures, including
grasslands, swamps, marshes, and floodplains (Justine, 2020). In Kampala District,
wetlands cover approximately 33 km2, with Kinawataka being part of the Lake
Victoria basin. Other wetlands, such as Lubigi wetland, drain into Lake Kyoga.
Uganda's wetlands are predominantly permanently waterlogged, with seasonal
wetlands occurring at the fringes (Justine, 2020). In Kampala District, examples of
wetlands include Kinawataka, Ntinda, Kirombe, Nakawa, and Soweto (Namuwongo).

In Uganda, including the Kinawataka wetland, the general situation regarding wetland
management is concerning. Wetlands make up 10%-13% of Uganda’s land area, with
the Kampala Capital City Authority (KCCA) covering 189 sq. km. Within this area,

12



KCCA's wetland coverage is 12.76 sq. km, and specifically, Kinawataka wetland covers
1.5 sq. km (Mafabi, 2018). Unfortunately, these ecologically vital spaces face
degradation due to marram infilling, rapid construction of infrastructure and housing,
direct dumping of toxic industrial wastes, and incompatible -cultivation. The
destruction of wetlands highlights deficiencies in contemporary management
mechanisms. Encroachment by smallholder agricultural cultivation has significantly
contributed to wetland damage, escalating from 0.2% in 2002 to 1.6% in 2015 and 7.7%
in 2018. Settlement in wetlands has also increased from 3.2% in 1992 to 7.8% in 2015
and 12.5% in 2018. Additionally, built-up areas expanded from 54% in 1992 to 66% in
2014, small businesses encroached from 14% to 18%, and industrial encroachment rose

from 9% to 12% during the same period (Tumuheire, 2017).

Impacts of land use on wetland ecosystem

Wetlands are important ecosystems that provide various ecological services, such as
water purification, carbon sequestration, and habitat for diverse flora and fauna.
However, human activities, such as land use changes, have significantly impacted the
functioning and health of wetland ecosystems (Davidson & Middleton, 2017).

Land use within wetland areas can be categorized into various types, including
agriculture, urbanization, forestry, mining, and recreation (Liu et al., 2008).
Each land use type is associated with specific characteristics and activities that can
impact the functioning and health of wetland ecosystems; Agriculture is a common
land use type in wetland areas, and it involves activities such as crop cultivation,
grazing, and irrigation. Agricultural activities can impact wetland ecosystems by

altering the hydrology, nutrient cycling, and soil characteristics of the ecosystem
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(Koerselman & Meuleman, 1996); Urbanization is another land use type that can
significantly impact wetland ecosystems. Urbanization involves the development of
cities and towns, and it is associated with activities such as construction,
transportation, and waste disposal. Urbanization can impact wetland ecosystems by
altering the hydrology, water quality, and habitat availability of the ecosystem
(Alberti et al., 2003); Forestry is a land use type that involves the cultivation and
management of forested areas. Forestry activities can impact wetland ecosystems by
altering the hydrology, nutrient cycling, and vegetation structure of the ecosystem
(Kozerski & Bennington, 1995); Mining is another land use type that can impact
wetland ecosystems. Mining involves the extraction of minerals and other resources
from the earth, and it is associated with activities such as excavation, waste disposal,
and transportation. Mining can impact wetland ecosystems by altering the hydrology,
soil characteristics, and vegetation structure of the ecosystem (Banks & Bailey, 1995);
Recreation is a land use type that involves the use of wetland areas for leisure
activities, such as hiking, camping, and fishing. Recreation can impact wetland
ecosystems by altering the hydrology, habitat availability, and soil characteristics of
the ecosystem (Van Dijk et al., 2012).

Phethi, M.D. & Gumbo, J.R. (2019) conducted a study on the impact of land use
changes on the wetland in Makhitha village, Limpopo province, South Africa. They
found that factors such as poverty and population growth were the driving forces
behind wetland mismanagement. The cultivation of crops, grazing of livestock, and
road construction were the main land use activities that contributed to wetland

deterioration. The study recommended strategies such as environmental education,
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fencing, and land use planning to resolve the problem of land use changes and
contribute to sustainable wetland management; Also, Qiu, H., Hu, B., & Zhang, Z.
(2021) analyzed the impacts of land use change on ecosystem service value based on
SDGs report, taking Guangxi as an example. The study found that from 1990 to 2020,
wetlands, forests, and grasslands decreased, while dry land and construction land
increased. The overall ecosystem service value in Guangxi showed a decreasing trend,
with hydrological regulation and climate regulation being the dominant services.
Lambin, E.F., Turner, B.L., Geist, H.J., et al. (2001) discussed the causes of land-use
and land-cover change, moving beyond the myths. They found that land use changes,
including those affecting wetlands, are driven by multiple factors such as
demographic, economic, technological, cultural, and political forces. These changes
can have significant impacts on water quality and other ecosystem services. Similarly,
Low, A.B. & Rebelo, A.G. (1996) investigated the impact of land use changes on
wetlands in South Africa. They found that wetland degradation was primarily caused
by agricultural activities, urbanization, and infrastructure development. These
changes led to alterations in water quality, loss of biodiversity, and reduced
hydrological function. These studies highlight the importance of understanding the
complex factors driving land use changes and their impacts on wetland ecosystems,
including water quality variations.

2.2.1 The Impact of Land Use Change on Water Quality: A Spatial and Temporal
Perspective

The relationship between land use and water quality has been a significant focus of
environmental research. Agricultural activities, for instance, often lead to nutrient
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runoff, which can cause eutrophication in nearby water bodies (Carpenter et al.,
1998). This process involves the excessive enrichment of water bodies with nutrients,
primarily nitrogen and phosphorus, leading to rapid growth of algae and other aquatic
plants. When these organisms die and decompose, they consume large amounts of
oxygen, leading to hypoxic conditions that can harm or kill aquatic animals.
Urbanization, another form of land use, can also lead to increased levels of pollutants
in water bodies. Urban runoff often contains pollutants such as heavy metals, oils,
and other toxic substances that can degrade water quality (Paul & Meyer, 2001).
These pollutants can originate from various sources, including road surfaces,
industrial sites, and residential areas.

Water quality can vary significantly both spatially and temporally due to a variety of
factors. Spatial variations in water quality can occur due to differences in land use,
soil type, topography, and other environmental factors across a watershed (Allan,
2004). For example, areas with intensive agricultural or urban land use may have
poorer water quality compared to areas with forested or natural land use. Temporal
variations in water quality can occur due to seasonal variations in weather, changes in
land use, and human activities. For example, water quality can vary seasonally due to
changes in precipitation and temperature, which can influence the amount and types
of pollutants that are transported to water bodies (Allan, 2004). Changes in land use,
such as the conversion of natural land to agricultural or urban land, can also lead to
temporal changes in water quality.

Wetlands play a crucial role in maintaining water quality by filtering out pollutants

and providing habitat for a variety of species. They act as natural filters, trapping

16



sediments and absorbing and transforming nutrients and other pollutants (Mitsch &
Gosselink, 2007). However, wetlands are also vulnerable to changes in land use, which
can degrade their ability to provide these services. For example, the drainage of
wetlands for agriculture or urban development can lead to the loss of their water
quality protection functions.

A study on the impact of land use / cover changes on water quality and human health
in district Peshawar Pakistan concluded that the groundwater quality, decreased in
2019 compared to 2012. The major factors for this groundwater quality deterioration
were attributed to urbanization, domestic wastewater discharge, and rising water
demand for agriculture and domestic and industrial purposes. The pH, Conductivity,
Calcium, Chloride, Magnesium concentration in groundwater increased mainly near
the built-up areas because of wastewater discharge, buildings construction, and other
anthropogenic activities like water extraction, industrial activities. Nitrate
concentration increased near the agricultural lands because of the excessive
utilization of pesticides and fertilizer (Ahmad, 2021).

Camara et al,. 2019, found that urban development, agricultural activities, and
forest degradation are the main sources of water quality deterioration in Malaysia,
with 87% of studies indicating the impact of urban land use, 82% of agricultural land
use, 77% of forest land use, and 44% of other land uses.

A study on the impact of land use change on water quality and productivity showed
that there were reciprocal changes between land and water, with high vegetation
cover having dominated in 1990 with 87.2%, in 2005 with 49.5%, in 2010 with 78.4%

and in 2015 with 44.7%. Moderate vegetation cover was observed in 1995 with 69.3%,
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and low vegetation cover in 2000 with 62.9%. It was also concluded that there was an
exponential increase in human population size around Lake Wamala catchment over
the years accompanied by multiple unsustainable land use practices within the
ripanan areas of the lake that undermine the quality and productivity of Wamala
waters (Tumushabe, 2017).

A Study on the Relationship between Land Use Change and Water Quality of the
Mitidja Watershed in Algeria Based on GIS and RS showed that the land use structure
in the study area changed dramatically between 2000 and 2017 and there was a
notable decrease of agriculture and barren land, whereas marked increment of urban
settlement land. Most water quality variables have degraded between 2000 and 2017,
and the water quality of upstream area was better than that of downstream areas. It
also showed that urban residential land is the most significant independent variable to
predict water quality, which is sensitive to six water quality parameters (BODs, COD,
SS, NH4-N, PO4+P, DO and pH), while vegetation is sensitive to NO3-N and that the
fluctuation of water quality is closely related not only to land use patterns on the
watershed scale, but also to the superimposition influence of the urbanization process
and the difference of topography and geomorphology (Chen et al., 2020).

A study by Kakuba etal., 2021 showed that there were positive linkages between
management functions of (planning, implementation and control) and livelihood
opportunities, but had an insignificant predictive effect. This suggested that there
was a gap between managers and the users in the public processes for handling

wetland resource sustainability issues.
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Tumuheire, 2017 revealed that there was an increase in built up area (from 54% to
66%), agriculture (from 14% to 18%) and industries (from 9% to 12%) between 1994 and
2014, from 1994 to 2014, the intact wetland had decreased by 46%, constituting
degradation from 49% to 95%. Comparison of 2014 water quality results with
secondary data revealed high concentration of total nitrogen, total dissolved solids
and total phosphorus in the stream flowing out of upper Kinawataka wetland with all
values above the maximum permissible levels set by NEMA. The reduction in size of
the wetland in the last 20 years caused mostly by industrialization, agriculture and
settlement was associated to the deterioration of the quality of water flowing into
and out of Upper Kinawataka wetland.

A study by (Arias et al., 2019) in Buenos Aires Argentina found that Macroinvertebrate
assemblages and stream-water quality are affected by horticultural land use in the
adjacent plots from fertilizers and pesticides which reach nearby streams, increasing
nutrient concentrations and altering macroinvertebrate composition. Furthermore,
multivariate analysis suggested the combined effect of simultaneous incorporation of
nutrients and pesticides through runoff following crop applications to be responsible
for the positive correlation of the tolerant taxa and negative association of the

sensitive taxa with elevated nutrient concentrations.

2.2.2 Remote Sensing and GIS Techniques for Land Use Mapping:

Lu, D., & Weng, Q. (2007) provided an overview of remote sensing and GIS techniques
for land use and land cover mapping. They discussed various remote sensing data
sources, including aerial photographs, satellite images, and LiDAR, as well as GIS
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techniques for data processing, analysis, and visualization. Mather, P.M. (1999)
discussed the use of remote sensing and GIS techniques for land use and land cover
mapping. The author provided an overview of different remote sensing data sources,
such as multispectral and hyper spectral imagery, and discussed various GIS
techniques for data processing and analysis.

Foody, G.M. (2002) discussed the advantages and limitations of different remote
sensing and GIS techniques for land use mapping. He highlighted the importance of
selecting appropriate data sources, classification methods, and accuracy assessment
techniques to ensure reliable and accurate land use maps. Similarly, Congalton, R.G.,
& Green, K. (2008) provided an overview of the advantages and limitations of
different remote sensing and GIS techniques for land use mapping. They discussed
various classification methods, such as supervised and unsupervised classification, and
highlighted the importance of accuracy assessment and ground-truthing for reliable
land use maps.

Ozesmi, S.L., & Bauer, M.E. (2002) conducted a review of remote sensing and GIS
applications for wetland mapping. They found that satellite imagery, aerial
photographs, and LiDAR data were commonly used for wetland mapping, with
classification techniques such as supervised and unsupervised classification, object-
based image analysis, and machine learning algorithms being employed. The study
highlighted the importance of integrating remote sensing and GIS techniques for
accurate wetland mapping and monitoring. Tiner, R.W. (2011) discussed the use of
remote sensing and GIS techniques for wetland mapping and inventory in the United

States. The study highlighted the importance of using high-resolution imagery and
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advanced classification techniques for accurate wetland mapping. The author also
emphasized the need for ground-truthing and accuracy assessment to ensure the
reliability of wetland maps. Artigas, F.J., & Yang, J. (2005) applied remote sensing
and GIS techniques to map land uses within New Jersey Meadowlands wetland area.
They used high-resolution aerial photographs and object-based image analysis to
classify land use types and monitor changes over time. The study demonstrated the
potential of remote sensing and GIS techniques for wetland mapping and
management.

Designated as an industrial zone by the Kampala City Council in 1972, the Kinawataka
wetland has suffered from detrimental policies that allocated wetlands for industrial
expansion. The wetland has been partitioned into plots, complete with road
networks, leading to an increase in concrete surfaces. This has diminished the
wetland's water retention and infiltration capabilities, disrupting river flow patterns.
The government's failure to implement effective mitigation measures, such as
adequate drainage planning, has exacerbated the situation. The lack of space for
storm water channels and vegetation removal has further reduced the wetland's
infiltration and retention capacity. Even government-led developments have been
flawed, with infrastructure like the undersized culverts at the Ntinda-Kyambogo
crossroads unable to handle stormwater volumes during rainfall, leading to excessive
flooding (MWE, 2015). Additionally, the establishment of washing bays has contributed
to the wetland's degradation. In Kinawataka, vehicle washing has resulted in the
silting and oil discharge into wetland streams, turning the water black, toxic, and

odorous, posing a threat to aquatic life and humans. (MWE, 2019)
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2.3 Physico-Chemical Water Parameters

Physico-chemical water parameters are essential indicators of water quality and play
a crucial role in determining the health of aquatic ecosystems. Some of the commonly
used parameters include temperature, pH, dissolved oxygen (DO), electrical
conductivity (EC), total dissolved solids (TDS), and nutrients such as nitrogen and
phosphorus compounds (Boyd & Tucker, 2012).

Temperature is a critical parameter as it influences the solubility of gases, metabolic
rates of aquatic organisms, and the rate of chemical reactions (Boyd & Tucker, 2012).
pH is another important parameter, as it affects the availability of nutrients and the
toxicity of certain substances in the water (Chapman, 1996). Dissolved oxygen is
essential for the survival of aerobic organisms and can be influenced by factors such
as temperature, salinity, and biological activity (Wetzel, 2001).

Electrical conductivity is a measure of the water's ability to conduct electricity and is
related to the concentration of dissolved ions in the water (Hem, 1985). Total
dissolved solids represent the total amount of dissolved substances in the water,
including salts, minerals, and organic matter (Boyd & Tucker, 2012). Nutrients such as
nitrogen and phosphorus compounds are essential for the growth of aquatic plants and
algae but can lead to eutrophication if present in excessive amounts (Carpenter et
al., 1998).

Physico-chemical water parameters are crucial for understanding wetland health and
ecological functions, as they provide insights into the overall condition of the aquatic
environment and the potential impacts on the biota (Mitsch & Gosselink, 2007). For

example, high levels of nutrients can lead to eutrophication, which can result in the
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loss of biodiversity, reduced water clarity, and the depletion of dissolved oxygen
(Carpenter et al., 1998). Monitoring these parameters can help identify potential
threats to wetland health and inform management strategies to protect and restore
these valuable ecosystems (Mitsch & Gosselink, 2007). Furthermore, understanding
the relationships between physico-chemical parameters and biological indicators,
such as the presence and abundance of specific species, can provide a more
comprehensive assessment of wetland health and ecological functions (Karr & Chu,

2000).

2.3.2 Spatial Variations in Water Quality Parameters

Several studies have investigated spatial variations in physico-chemical water
parameters within wetland ecosystems. For example, Bruland et al. (2003) examined
the spatial variability of water quality parameters in a large riverine wetland and
found significant differences in nutrient concentrations and other parameters across
different locations within the wetland. Similarly, Zhang et al. (2009) studied the
spatial distribution of water quality parameters in a coastal wetland and observed
significant variations in nutrient concentrations, salinity, and other parameters across
different sites. These spatial variations in physico-chemical water parameters can be
attributed to various factors, such as hydrological connectivity, vegetation, and land
use (Bruland et al., 2003; Zhang et al., 2009). For instance, hydrological connectivity
can influence the distribution of nutrients and other water quality parameters by
facilitating the transport of materials between different parts of the wetland (Bruland

et al., 2003). Vegetation can also play a role in shaping spatial variations in water
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quality parameters by affecting nutrient uptake and sedimentation processes (Zhang
et al., 2009).

Key factors influencing spatial variations in physico-chemical water parameters within
wetlands include land use and hydrological connectivity, (Bruland et al., 2003; Zhang
et al., 2009). Land use can have a significant impact on water quality parameters by
altering the input of nutrients and other pollutants into wetland ecosystems (Tong &
Chen, 2002). For example, agricultural activities can lead to increased nutrient
inputs, while urbanization can result in the introduction of various pollutants, such as
organic contaminants (Tong & Chen, 2002). Hydrological connectivity can also
influence spatial variations in water quality parameters by controlling the transport of
materials between different parts of the wetland (Bruland et al., 2003). For instance,
areas with high hydrological connectivity may exhibit higher nutrient concentrations
due to increased transport of nutrients from upstream sources (Bruland et al., 2003).
Vegetation can affect spatial variations in water quality parameters by influencing
nutrient uptake and sedimentation processes (Zhang et al., 2009). For example, areas
with dense vegetation may exhibit lower nutrient concentrations due to increased
nutrient uptake by plants and reduced sedimentation rates (Zhang et al., 2009).

The primary nutrients of concern in wetland ecosystems are nitrogen (N) and
phosphorus (P). These nutrients can lead to eutrophication, which is the excessive
growth of aquatic plants and algae, resulting in oxygen depletion and negative
impacts on aquatic life (Carpenter et al., 1998). The main sources of nitrogen and
phosphorus in wetlands include agricultural runoff, urban stormwater runoff,

wastewater treatment plant effluent, and atmospheric deposition (Mitsch &
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Gosselink, 2015). Excessive nitrogen and phosphorus inputs can lead to
eutrophication, which can cause a decline in water quality, loss of biodiversity, and
the formation of harmful algal blooms (HABs) (Smith et al., 2006). HABs can produce
toxins that are harmful to humans, animals, and aquatic life (Paerl & Huisman, 2008).
Nutrient pollution can alter wetland ecosystem structure and function, leading to
changes in plant and animal communities (Zedler & Kercher, 2005). For example,
excessive nutrient inputs can favour the growth of invasive plant species, which can
out compete native species and reduce overall biodiversity (Ehrenfeld, 2003). Several
studies have investigated spatial variations in nutrient concentrations within wetland
ecosystems. For example, Bruland et al. (2003) found that nutrient concentrations
varied significantly within a single wetland, with higher concentrations near the
wetland's edge and lower concentrations in the interior. Another study by Noe and
Hupp (2005) found that nutrient concentrations in wetlands were influenced by
factors such as hydrology, vegetation, and sediment characteristics.

Land use can have a significant impact on nutrient levels in wetlands. For instance,
agricultural land use has been associated with increased nutrient inputs to wetlands
due to fertilizer application and livestock waste (Sharpley et al., 2003). Urban land
use can also contribute to increased nutrient levels in wetlands through stormwater
runoff, which can contain nutrients from sources such as lawn fertilizers, pet waste,
and atmospheric deposition (Walsh et al., 2005). These land use-related nutrient
inputs can have negative implications for water quality in wetlands, including
eutrophication, loss of biodiversity, and the formation of harmful algal blooms (Smith

et al., 1999).
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A study conducted on the Microbial and chemical contamination of water, sediment
and soil in the Nakivubo wetland area showed that the water samples derived from
the Nakivubo wetland showed mean concentrations of TTCs of 2.9 x 10(5) colony-
forming units (CFU)/100 mL. Mean E. coli was 9.9 x 10(4) CFU/100 mL. Hookworm eggs
were found in 13.5% of the water samples. Mean concentrations of iron (Fe), copper
(Cu) and cadmium (Cd) were 21.5, 3.3 and 0.14 mg/L, respectively. In soil samples,
we found a mean lead (Pb) concentration of 132.7 mg/L. In yams, concentrations of
Cd, chromium (Cr) and Pb were 4.4, 4.0 and 0.2 mg/L, while the respective
concentrations in sugar cane were 8.4, 4.3 and 0.2 mg/L. TTCs and E. coli in the
water, Pb in soil, and Cd, Cr and Pb in the plants were above national thresholds
(Fuhrimann et al., 2015).

Soucek et al. showed that high concentrations of sulphate will cause the death of
freshwater invertebrates (Soucek & Kennedy, 2005). The study also concluded that at
constant sulfate (approximately 2,800 mg/L) and hardness (106 mg/L), the survival of
H. azteca was positively correlated with chloride concentration. Hardness also was
found to ameliorate sodium sulfate toxicity to C. dubia and H. azteca, with LC50s for
C. dubia increasing from 2,050 mg SO4(-2)/L at hardness = 90 mg/L to 3,516 mg SO4(-

2)/L at hardness = 484 mg/L.

2.3.3 Temporal Variations in Water Quality Parameters

Temporal variations in physico-chemical water parameters within wetlands are
essential to understand the changes in water quality over time. These variations can
be influenced by natural processes, anthropogenic activities, and land use changes
(Mitsch & Gosselink, 2015). In this section, we will examine the temporal variations in
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physico-chemical water parameters, discuss the factors contributing to these
variations, and review studies investigating long-term trends in water quality
parameters in wetlands.

Several studies have investigated the temporal variations in physico-chemical water
parameters within wetlands. For example, a study by Reddy & DelLaune (2008)
examined the seasonal and annual variations in water quality parameters, such as
dissolved oxygen, pH, temperature, conductivity, and nutrients, in wetlands. They
found that these parameters exhibited significant temporal variations, which were
influenced by factors such as hydrology, vegetation, and land use changes.

Factors contributing to temporal variations in physico-chemical water parameters can
be both natural and anthropogenic. Natural factors include seasonal changes in
temperature, precipitation, and evapotranspiration, which can affect the hydrology
and nutrient cycling within wetlands (Mitsch & Gosselink, 2015). Anthropogenic
factors include land use changes, such as urbanization, agriculture, and industrial
activities, which can lead to increased nutrient inputs, sedimentation, and pollution
in wetlands (Zedler & Kercher, 2005).

Several studies have investigated the association between land use changes and
temporal variations in water quality parameters in wetlands. For instance, a study by
Bruland & Richardson (2005) found that urbanization and agricultural activities led to
increased nutrient inputs and sedimentation in wetlands, resulting in significant
changes in water quality parameters over time. Similarly, a study by Craft (2016)

reported that land use changes, such as deforestation and agricultural expansion,
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resulted in increased nutrient loading and altered hydrology in wetlands, leading to
temporal variations in water quality parameters.

Long-term trends in water quality parameters in wetlands have also been investigated
in various studies. For example, a study by Houlahan & Findlay (2004) analyzed long-
term trends in water quality parameters in North American wetlands and found that
nutrient concentrations, such as nitrogen and phosphorus, had increased over time
due to anthropogenic activities. Another study by Verhoeven et al. (2006) reported
that long-term trends in water quality parameters in European wetlands were
influenced by factors such as climate change, land use changes, and nutrient inputs
from agricultural activities.

A study in Nigeria showed that effluent discharge from the investigated medium-scale
fish farm had a significant negative impact on the water quality of the receiving Odo-
Owa stream and the indicator parameters comprised of ammonia, color and alkalinity.
Additionally, Seasonal variations across the water stretch showed that the mean (+ SE)
concentrations of TDS, turbidity, PO43-, Mn%*, Fe?* and Hg?* were significantly higher

(P<0.05) in the rainy season than in the dry season (Adimalla et al., 2020).

2.4 Conclusion

The literature review has revealed significant gaps in the understanding of land use
impacts on spatial and temporal water quality variations within the Kinawataka
wetland in Uganda. While several studies have examined the effects of land use
changes on wetland ecosystems globally (Zedler & Kercher, 2005; Verhoeven & Setter,

2010).
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Firstly, while there is a significant body of research on the impacts of land use on
water quality in general (e.g., Allan, 2004; Sliva & Debrewer, 2005); there is a dearth
of studies specifically focusing on the Kinawataka wetland. This gap in the literature
underscores the need for localized studies that can provide insights into the unique
characteristics and challenges of this particular wetland. Secondly, the literature
review has shown that most studies have focused on either spatial or temporal
variations in water quality, but not both (e.g., Allan, 2004; Sliva & Debrewer, 2005).
This gap suggests a need for more comprehensive studies that can provide a more
holistic understanding of water quality variations in the Kinawataka wetland. Thirdly,
while there are studies that have mapped out land uses in various wetlands (e.g.,
Verhoeven & Meuleman, 1999); there is a lack of such studies for the Kinawataka
wetland. This gap highlights the need for detailed land use mapping in this wetland to
better understand its current state and how it has changed over time.

The proposed study aims to address these gaps by mapping out the different land uses
within the Kinawataka wetland over the past 10 years, assessing the spatial and
temporal variations in the physico-chemical water parameters and nutrient
concentrations within the wetland; While some studies have examined water quality
in Ugandan wetlands (Kansiime & Nalubega, 1999; Ntale & Gan, 2003), they have not
focused on the spatial and temporal variations within the Kinawataka wetland
specifically. This research will contribute to the existing body of knowledge by
providing a comprehensive understanding of the impacts of land use on water quality
in the Kinawataka wetland, which can inform future conservation and management

efforts.
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CHAPTER THREE: METHODOLOGY

3.0 Introduction

In this chapter, the methods, procedures and materials that were used in the study
for data collection are presented. Additionally, the sampling site selection and
elaboration concerning water sample collection, handling and data analysis methods

are discussed.

3.1 Area of study

This study was conducted along the Kinawataka wetland and its tributaries in Naguru
Hill, Ntinda, Kyambogo, Banda, Mbuya, Mutungo and Butabika that drain into Lake
Victoria. The wetland is located in Nakawa division of Kampala District and Kira town
council of Wakiso district. It cuts across Nakawa, Naguru, Ntinda, Kyambogo, Kireka,
Banda, Nambole, Mbuya, Mutungo and Biina. It covers an area of approximately 1.5
sq.km. Its geographical co-ordinates are 32° 37’ E and 0° 20’ N. The layout of the
study area and the sample collection sites are shown in Fig. 1. Currently the study site
is a key flood control area as it retains and filters industrial and domestic effluents
from surrounding areas before releasing it into Lake Victoria thus its vital both

ecologically and social economically.

The study site is dominated by key wetland aquatic plants such as Cyperus papyrus,
Mischanthus vaolaceum, Typha latifolia, Phragmites mauritianus, Vossia species and
Phoenix reclinata. The edges are transitional areas between terrestrial and aquatic
systems. The area is also a habitat of small animals and many birds including the

crested crane, Ibis, White egrets and Egyptian ducks. In addition, the area is such a
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crucial breeding site for fish in Lake Victoria. However, the lower part of Kinawataka
wetland is heavily degraded by the fast-expanding cultivation activities leading to
conversion of the wetland to gardens of yams, eucalyptus, sugar cane, maize, sweet
potatoes and bananas. The area is blessed with four streams that is Vubyabirenge
stream, Kinawataka stream, Fuwengombe stream and Wamalenge stream. Within the

area, there exists Ntinda industrial area that reclaims a great portion of the wetland.
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3.2 Study design

The study undertook a qualitative and quantitative research approach in that
experimental, survey and observational methods were employed in data collection. It
involving sampling of effluents from central areas where the discharge from the
industries flow towards Kinawataka wetland. Specifically, this was ascended by
assessment of spatial physico-chemical properties (pH, Electrical Conductivity, Total
alkalinity, Total hardness, Biological Oxygen Demand and Chemical Oxygen Demand)
of water from six sites on streams along Kinawataka wetland. In addition, the study
also capitalised on understanding the concentration of heavy metals along the six
purposively selected sites on streams along Kinawataka wetland. The study involved
both quantitative in-situ and laboratory analysis of the different site-representative
water samples from Kinawataka wetland. It also involved assessing the level of
nutrient concentrations in water collected at six different sites along the wetland.
This aided to fully understand how the presumed increased deposition of industrial
waste from Kinawataka surrounding industrial establishments affect the quality of its
waters and living components. This enabled understanding the level of pollution in
Kinawataka wetland and its related impacts, something that might inform its better

management and conservation.

3.3 Sampling techniques

The study site was clustered into six points depending on the intensity of effluent
discharge from the surrounding industries Table 1. The effluent samples were
collected from selected and accessible points preferably were bridges are present and

the flow rate was estimated using the float method (Hilgersom and Luxemburg, 2012).
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The sample points were purposively selected depending on the degree of effluent

discharge at that particular point from the surrounding industries.

Table 1: Characteristics of studied sites along Kinawataka wetland

Station Code Geographical Characteristics/ Reason for site
Coordinates Pollution sources selection
Kinawataka Site 1 0.2005°N It’s at Kayak’s garden  Drainage point to
upstream 32.3804°E Bridge, Car wash, Kinawataka
(Mutungo- settlement, road side  wetland
Kasokoso road) market
Kinawataka Site 2 0.1941°N Kasokoso bridge Easy accessibility
downstream 32.3943°E Road construction to the wetland
(Kasokoso)
Kinawataka Site 3 0.1935°N Kito/Kasokoso bridge  Point upstream
stream at Kito 32.3943°E boarder, Wetland vs the wetland with
bridge (before slum zone heavy effluent
wetland) discharge
Kyambogo Site4 0.2019°N Stream at Factory Point within the
stream at Jinja 32.3735°E close bridge, Genetex wetland with

road (upstream)

factory for tanks,
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Britania discharge

Ntinda stream at Site 5 0.2020°N Car bonds, Oxygen UG It’s the lower
Factory road 2 32.3713°E ltd. Where oxygen is side of the
manufactured wetland towards
kinawataka
Ntinda stream at Site 6 0.2032°N Crest foam matress, Industrial area on
Ntinda-stretcher 32.3658°E Kampala ntinda road and
road 1 phamaceticals, shell it’s a discharge

point for the

industries

3.4 Data collection

3.4.1 Objective One: Land Use Changes

Data Acquisition

To conduct this study, quantitative data was used. Primary data was collected
through ground trothing (obtaining the coordinates) and secondary data was got from
both published and unpublished documents. Based on the results got, a number of
data sets were obtained and used for the implementation of the study. Error!
Reference source not found. shows all the collected spatial data sets, their
description and source.

Table 2: Summary of the spatial datasets

No Data Description
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1. Landsat Imagery (Landsat These were acquired from the USGS for years of

5 TM and Landsat 8 OLI) 2010, 2015 and 2020

2. Administrative Boundaries This was obtained from the districts map by the
UBOS of 2019
4, Rivers This was obtained from the UBOS of 2008

Land Use Land Cover (LULC) Mapping

A series of three cloud free Landsat Imagery (2010, 2015 and 2020) path/Row of
171/060 and 171/060 were accessed through the open source of United States
Geological Survey (USGS) with a spatial resolution of 30m. The spatial analysis was
done using ARCMAP 10.5 software as shown in Error! Reference source not found..

Table 3:Showing the Landsat imagery that were selected and corresponding sensors

used

No. Type of Data/sensor Scale/Resolution Path/Row Date

1 Landsat 5(TM) 30m 171/060 27/01/2010
2 Landsat 8 OLI 30m 171/060 14/01/2015
3 Landsat 8 OLI 30m 171/060 14/01/2020

Data Pre-Processing

These involved operations done prior to processing and analysis so as to enhance
image quality. The images were corrected for atmospheric correction using dark
object subtraction like path radiance, scattering and sky irradiance. The satellite
images were stacked into different bands to produce different colour composite.

Image sub setting was carried out to extract the area of interest. Different image
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enhancement techniques namely; PCA, NDVI and band composites were used to

improve their visual interpretation for identification of different land cover classes.

Image Classification

The Landsat images were visually interpreted and seven land cover classes were
identified in the study area. These include; Built-up, Grasslands, Agricultural Land,
Forested areas and Papyrus. To map the extents of these classes, supervised
classification based on maximum likelihood (MLA) was used. The supervised method
permits selection of pixels (training areas) that represent land use features.
Perception of the training areas was based on visual interpretation which takes care
of all kinds of information like size of object, shape of object, tone, colour, texture,
pattern and association of various spectral covers. The training sites were digitized
and each class was assigned to a different colour for easy differentiation. It also
helped in calculating the distance from each feature vector to the class means. The
class variability was taken care of by adding a vector, which is a function of the
variance- covariance matrix of that class as in equation put by Marther, (1987) as
shown in equation (i)

Equation i

D;X)=MWlV,| + (X —M)TV, 1 (X = M,).......... (4.1))

Di(X) = distance between pixel vector X and class mean based on probabilities; X =
pixel vector X; Mi = mean vector of the class considered; Vi = the variance-covariance

matrix of the class considered; V-1 = the inverse of Vi; |Vi| = determinant of the
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variance-covariance matrix; (X-Mi) = the distance towards a class mean; and (X-Mi)T
=the transposition of (X-Mi).

During classification, the measurement vector was assigned to the class in which it
had the highest probability of membership. It considered the mean and covariance of

training set as basic marks for classification.

Accuracy Assessment

Accuracy assessment was performed on the classified images using ground truth data
that was acquired using Google earth images and data from National Forestry
Authority. The user’s accuracy or reliability is the probability that a pixel classified on
the map actually represent that category on the ground (Jensen, 2005). The ground
truth data was obtained by generating reference points that were randomly selected
from reference images of the corresponding years. Accuracy assessment was done
through generating confusion matrices based on test samples for each land cover
map. The Kappa index of agreement was used as the evaluation criteria for the
classification. It is a measure of how the classification results compare to values
assigned by chance. The statistic k (kappa) estimates the difference between the
observed agreement of two images and the agreement that might be attained solely
by chance matching of the two images.

Kappa analysis is a discrete multivariate technique used in accuracy assessment and it

can be computed as;
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Equation ii

Observed - expecied
1 - expected

k=

Where;

“Observed” represents the value for “percentage correct”

“Expected” estimates the effect of chance agreement upon the observed percentage
correct.

The Kappa value ranges between 0 and 1. If kappa coefficient equals to 0, there is no
agreement between the classified image and the reference image. If kappa
coefficient equals to 1, then the classified image and the ground truth image are
totally identical (in perfect agreement). So, the higher the kappa coefficient, the
more accurate the classification is. If the test samples are in perfect agreement, then

values for the Kappa index (Kap) are equivalent to 1.

Land use land cover activities and their co-related land use land cover classes
The land use land cover activities within Kinawataka wetland as observed on ground
were as follows (Table 4):

Table 4:The observed land use and cover activities and their assigned LULC classes

S/N  LULC - Activity LULC - Class
1 Artificial surfaces: urban, commercial Built-up
structures, settlements, concrete

surfaces, bare soil, fields, bare rocks and

quarries.
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2 Graminoids, herbaceous areas and lawns Grasslands

3 Shrub and herbaceous crops on small, Agricultural Land
medium and large fields.

4 Open high and closed multi-storied trees, Forested Areas
and broad-leaved trees.

5 Permanently = wet graminoids and Papyrus

herbaceous areas with papyrus

3.4.2 Objective Two

Water samples were collected from the predetermined sampling points across the
Kinawataka wetland. Each sample was gathered using sterilized containers to prevent
any form of contamination. The team was careful to document the date, time, and
precise location of each sample collection, ensuring a comprehensive record of the
sampling process. The physico-chemical parameters of the water samples, including
temperature, pH, electrical conductivity, dissolved oxygen, turbidity, and total
dissolved solids, were measured on-site immediately after sample collection. This was
done using portable water testing kits or probes, ensuring the accuracy of the
readings by preventing any changes that could occur due to storage. For assessment
of nutrient concentrations, the water samples were carefully preserved and
transported to a laboratory. Nutrients such as nitrogen, phosphorus, and potassium
were measured using laboratory methods as shown in Table 5. All data, including the
values of the physico-chemical parameters and nutrient concentrations, were
accurately recorded and organized in a database, providing a comprehensive dataset
for further analysis. The water quality parameters to be tested were selected basing
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on the current land use and anthropogenic activities for example agriculture, human
settlement, industrialization, fishing among others along Kinawataka wetland and
the streams that feed into Kinawataka stream .

Table 5: Data collection methods and equipment for the different tested parameters

Parameter Equipment used Methods

pH and electrical Integrated Multi-parameter In-situ water analysis

conductivity Horiba  (Model  U-52G,
Japan)

Total Hardness Test-meter Laboratory analysis

COD Spectrophotometer, Closed reflus calorimetry
digestion tube method

BOD Oxygen-sensitive 4500-0 G. Membrane-

polarography = membrane Electrode Method
electrodes, selective
membrane,

Nutrients (Cl, SO4, NO;, A discrete analyzer, Discrete photometric test

PO4) Gallery Plus
Nitrates UV-visible Spectrophotometry
spectrophotometer

(UV1800 shimadzu model)
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3.4.3 Objective Three

The study used the predetermined sampling points in the sites in Table 1 within the
wetland. Effluents from these sites were sampled thrice for after every two weeks at
the point of discharge into the environment. This longitudinal study design allowed
for monitoring changes in water quality over time. The frequency of sampling varied,
with options including weekly, monthly, seasonally, or annually. The goal was to
capture a comprehensive picture of temporal variations in the wetland's water
quality. Sample collection was done from July to September during a dry season
(Defined as months when no rain fall event experienced) and October to December
during a wet season (Defined as months during which rainfall event was experienced)
and this took a total period of 6 months. During each sampling session, water samples
were collected and immediately tested for various physico-chemical parameters.
These parameters included temperature, pH, electrical conductivity, dissolved
oxygen, turbidity, and total dissolved solids. The testing was conducted on-site using
portable water testing kits. In addition to these on-site tests, the water samples were
also transported to a laboratory for nutrient analysis. This analysis focused on the
concentrations of nitrogen, phosphorus, and potassium. All data, including the date,
time, and location of each sample collection, as well as the values of the physico-
chemical parameters and nutrient concentrations, were meticulously recorded and
organized in a database. This data was then subjected to time series analysis
techniques to identify trends and patterns in water quality over time. The results of

this research provided a detailed understanding of how water quality in the
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Kinawataka wetland changes over time, and helped identify the factors driving these
changes.

3.5 Quality control

Water sampling was done in pre-washed and dried plastic beakers for in-situ
parameters. Water samples for laboratory analysis were collected in sterilized screw
capped plastic bottles. To avoid sample mix-ups, codes corresponding to the site were
generated and used to label sample bottles. All samples were monitored and traced
by these codes during transportation, storage and laboratory analysis. A cold chain

was maintained for samples for nutrient analysis to limit sample deterioration.

All reagents used were of high analytical purity. Equipment used were calibrated prior
to use. Samples were analyzed in triplicate to improve on the precision of results. All
laboratory analytical procedures followed internationally accepted methods and
effort was invested to ensure required accuracy. Analysis of reference materials with
known concentrations was done before analysis of the samples for the given

parameters to ensure accuracy and reliability of the result was generated.

For the methods that used calibration curve, standard solutions with known
concentrations also known as analytical quality control (AQC) were measured every
time the measurement of the samples was done for the respective parameters. The
Ideal calibration curve was most useful with in the calibrated range and the

regression coefficient of 0.99 and above was considered.

Method blanks and field blanks were analyzed every time the analysis was done on the

samples. The method blank was deionized and reagent free and was shipped with the
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bottles to the sampling site and processed in the same way as the samples that was
collected from the site and returned to the analyzed from the National Water Quality
Reference Laboratory for analysis together with the samples. This ruled out cross
contamination of the samples during the shipment of the samples to the laboratory.
Samples were collected in duplicate and analyzed to ensure accuracy and precision of

the method and instrument used.

3.6 Data analysis

In this study, analysis was done to ascertain whether there was a significant
difference in the values of physico-chemical parameters, heavy metals, and nutrients
in effluent water samples obtained from six sites along Kinawataka wetland. Ms Excel
and SPSS version 29 was used to perform descriptive statistics of results from which
the following was obtained; the range of values, mean and standard deviation for all
results (Physico-chemical, heavy metals, and nutrients) obtained from all study sites.
Analysis of variance (ANOVA) was used to determine the significant difference of
concentrations for various parameters. Differences in concentration levels obtained
for a given parameter along sampling sites were considered significant if calculated P-
values were < 0.05. Turkey’s post hoc test was used to determine the difference
between given parameters at two selected study sites. Tables were generated for
comparison of results of levels of physico-chemical parameters, heavy metals, and

nutrients of effluent water samples collected from different study sites.

3.7 Methodological constraints

The following methodological constraints were encountered;
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e Timeliness; Given that collection of samples was involved, the study most likely

to took longer.

e Weather challenges; changes in weather affected collection of samples;

especially during rainy seasons.

e Laboratory and field equipment; All the equipment to be used in testing the
samples collected were hired. The costs involved stretched the research.
Further, there was a likelihood of contamination of samples. However, the

researcher Undertook keen precautions.

3.8 Ethical considerations
The entire research process was conducted with due respect to ethical
considerations particularly keeping informant’s identities confidential. The
researcher shall sought consent from all industries before collection of water
samples at the discharge points. The proposal shall be submitted to the UCU

Research Ethics Committee. (REC).
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CHAPTER FOUR: RESULTS AND DISCUSSION

4.0 Introduction
In this chapter, all results that were obtained from land use change and water quality
analysis are presented. Tables and graphs to show the variations of the parameters

were used. Discussion of results were made for every objective

4.1 Spatial and temporal variation in Land uses within Kinawataka wetland from
2010 to 2020

The results in Figure give an overview of land use changes in Kinawataka wetland
from 2010 to 2020, across four categories: built-up areas, agricultural land, forested
areas, and papyrus coverage. Built-up areas witnessed a significant expansion, with an
exponential increase from 203.59 hectares (ha) in 2010 to 350.10 ha in 2015. This
rapid growth was followed by a more gradual rise, reaching 400.88 ha by 2020. In
contrast, agricultural land experienced a slight contraction initially, decreasing from
121.99 ha in 2010 to 99.02 ha in 2015. However, this trend reversed in the subsequent
years, with a steady increase to 155.58 ha by 2020. Forested areas and papyrus
coverage, on the other hand, both demonstrated a consistent decline over the study
period. Forested areas reduced from 169.21 ha to 88.1 ha, while papyrus coverage
decreased from 471.97 ha to 418.14 ha. These trends highlight the dynamic nature of
land use over time, influenced by various socio-economic and environmental factors.

This is evident as shown in the Figure below.
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Figure 3a: Maps showing the land use activities within Kinawataka wetland in 2010
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Figure 3b: Maps showing the land use activities within Kinawataka wetland in 2015
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Figure 3c: Maps showing the land use activities within Kinawataka wetland in 2020

The land use maps provide a comprehensive overview of the land use changes in
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Kinawataka wetland from 2010 to 2020. The most striking change is the significant
expansion of built-up areas, which increased from 203.59 hectares (ha) in 2010 to
400.88 ha by 2020. This rapid urbanization is consistent with the findings of other
studies, which have highlighted the increasing pressure on wetlands due to urban
expansion (Kakuba, 2021; Namuyaba, 2019).

The contraction and subsequent expansion of agricultural land from 121.99 ha in 2010
to 155.58 ha by 2020 is another notable trend. This could be attributed to the
increasing demand for agricultural land to support the growing population, as
suggested by Namuyaba (2019).

The consistent decline in forested areas and papyrus coverage over the study period is
a cause for concern. Forested areas reduced from 169.21 ha to 88.1 ha, while papyrus
coverage decreased from 471.97 ha to 418.14 ha. This trend aligns with the findings
of Tumuheire (2017), who noted a similar decline in vegetation cover in Kinawataka
wetland. This could be due to the encroachment of human activities, such as
agriculture and construction, into these areas (Kakuba, 2021).

In conclusion, the dynamic nature of land use changes in Kinawataka wetland over the
past decade is influenced by various socio-economic and environmental factors. These
trends underscore the need for effective land use planning and management to ensure
the sustainability of this vital ecosystem.

4.2 Spatial variations in the physico-chemical water parameters

Water quality is majorly altered and detected by the kind of effluents from the
different land-uses (Arias et al., 2019). This informs the levels of physico-chemical
parameters of water as points upstream tend to be of better quality than those
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downstream. Water analysis results for samples collected at different spatial sites
located along Kinawataka wetland is summarised below (Table 6). Water
physicochemical characteristics from samples at different sampling locations had
different concentrations. Though other parameters tested such as Electrical
conductivity, Total Alkalinity, Total Hardness, Chemical Oxygen Demand, and
Biological oxygen demand varied significantly (P < 0.05) among sampled sites along
Kinawataka wetland, potential hydrogen (pH) never significantly differed (P = 0.23)
among sites (Table 6). The pH among sites ranged from 6.17 at site 6 to 6.83 at site 3
and 5. Highest EC was registered at site 2 and least at site 6. Site 3 had the highest
total alkalinity; whereas site 2 had the highest total hardness as site 5 recorded the
least. In addition, BOD was highest at site 5 while least at site 3 as site 5 recorded the

highest COD (Table 6)

Table 6: Status physico-chemical water quality parameter along Kinawataka wetland

Study Mean + SD concentration of physiochemical water quality parameter

Site pH EC T.Alk T. Hard BOD coD

6.75 + 39.33 ¢ 110.5 + 101.83 ¢ 46.67 + 80.83 =

Site 1 0.62 2.15 5.62 6.59 5.61 6.01
50.33 £ 145.5 + 34.17 +
6.5+ 0.67 114 + 4.81 61.5 £ 8.59
Site 2 2.06 5.93 4.91
6.83 + 46.5 + 175.33 98.67 + 40.67 +
30+ 3.86
Site 3 0.72 1.88 5.05 5.16 6.69
Site 4 6.67 + 34.33 + 130.33 + 84 + 6.31 45.83 + 130 +9.29
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0.65 2.67 5.50 12.02

6.83 + 34.67 + 125.17 + 80.83 + 66.33 + 158 +
Site 5 0.72 3.65 5.37 3.88 7.81 10.91
6.17 + 31.17 + 107.33 + 77.17 + 122.83 +
59.5 + 7.67
Site 6 1.03 1.27 7.77 31.00 9.92
F-value 1.42 119.35 216.18 13.38 42.36 318.78
P-value 0.23 0.00 0.00 0.00 0.00 0.00

The pH among studied sites was generally acidic ranging from 6.17 at site 6 to 6.83 at
site 3 and 5. Such Observed pH levels are relatively higher than those observed by
Turinayo, (2017) when investigating the Physico-chemical properties of sugar industry
and molasses-based distillery effluent and its effect on water quality of river
musamya in Uganda. However, the observed pH ranges were relatively lower at some
sites like site 6 than those observed by Famooto and Adeniyi, (2020) where both the
stream and effluent discharged point ranged between 6.4 and 7.2 pH units despite
them being within such ranges at site 3 and 5 of Kinawataka wetland. At all sites, the
observed pH values were above the pH of 6 recommended by the WHO (2017) and the
UNBS (2014) standards for drinking water despite being within the EU pH protection
limits of 6.0-9.0 for fisheries and aquatic life. On the other hand, the pH levels at all
sites were within the NEMA standards for the discharge of effluents into the

environment (Fuhrimann et al., 2015).

Adimalla et al., (2020) reported pH as a fundamental property that describes the

acidity and alkalinity of water thus pH outside the recommended limits may be an
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indicator of toxic ions in water which may cause a nutritional imbalance (El-Sayed et
al., 2015). Therefore, water from these studied sites along Kinawataka wetland is
capable of causing serious harm to the aquatic life downstream; it also makes it
dangerous for direct consumption considering the 6 pH recommended limit by UNBS
and WHO. Water pH is one of the most important factors that serve as an index for
water pollution. The Uganda’s quality requirements for pH has a maximum of 9.5.
Such acidic pH levels observed at different sites along Kinawataka wetland depicts
high levels of pollution in this wetland and might affect the survival of different fish
and other aquatic life species in the wetlands. The high acidity of water can also
affect gastrointestinal mucous membranes, provide a bitter taste and cause corrosion
of discharge pipes (Nayebare et al., 2020). The acidity of the water could be
attributed to organic acid pouring with wastewater and effluents from both

settlements and surrounding industries which indicated possible water pollution.

In this study, results showed that Electrical Conductivity (EC) ranged from 31.17us/cm
(site 6) - 50.33 us/cm (site 2). Thus highest EC was registered at site 2 and least at
site 6. EC is a measure of a material’s ability to conduct an electric current and
higher EC values indicate enrichment of salts in the groundwater (Yu et al., 2020).
Wansolo et al., (2018) attributes slightly higher EC values to the effluents discharge
with high levels of mineral ions. However, the EC results obtained in this study were
below the threshold limit of 2500 us/cm set by UNBS (2014) for drinking water. EC
levels are highly influenced by the nature of land uses (Daghara et al., 2019) along
streams or in wetlands such as agricultural activities and wastewater discharged from

industries and cities. However, Amalraj et al., (2018) also attributed high EC levels to
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high salinity and high mineral percentage, which are generally due to geochemical
process like ion exchange, evaporation, silicate weathering and solubilization process
taking place within the aquifers. Several studies have recorded different trends of EC
results (Nyenje et al., 2013; Barakat et al., 2018; Kulabako et al., 2007; Lutterodt et

al., 2014; Okot-Okumu et al., 2015).

These results clearly indicate that water at site 2 were considerably ionized and had
the highest concentration of ions due to excess dissolved solids. The values were
however lower than those recorded in some streams of Nakawa-Ntinda industrial area
(Walakira and Okot-okumu, 2011; Wanasolo et al., 2018). However, a study in Adama
Town, Ethiopia by Karuppannan et al., (2019) linked high EC values in streams to the
agricultural activities and waste water discharged from industries which can be true
as water from site 2 that was characterised by effluent discharge from the
surrounding industries had the highest EC levels. According to Amalraj et al., (2018)
high EC values might also be attributed to high salinity and high mineral percentage in
water as a result of geo-chemical process and solubilization process within the
wetland. Further, variation in EC values among sites could be attributed to different
land uses, varying locations and the state of conservation of the vegetation around

the site (Daghara et al., 2019).

Total hardness of water at all studied sites along Kinawataka wetland was below the
NEMA quality standards of 300-600mg/l. According to World Health Organization, a
standard in this parameter is not established because the ions are not of health

concern at levels found in drinking-water (WHO, 2011). Hardness is the sum of the
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calcium and magnesium concentrations, both expressed as calcium carbonate, in
milligrams per liter (mg/L). Hardness in water is caused by a variety of dissolved

polyvalent metallic ions, predominantly calcium and magnesium cations.

Study results showed that BOD range was 30 mg/l (site 3) - 66.33mg/l (site 5) thus
being highest at site 5. The NEMA quality standards of BOD within the national
standards of Uganda indicate that the highest portable quantities of BOD are below
50.0mg/l which in this case has been exceeded by site 6 and 5 whereas other sites
such as 1&4 are within close range of the same. Compared to the USEPA Clean Water
Act (USEPA, 2012) the permissible levels of BOD may go as low as 5mg/l. BOD is a
significant representative of the on-going anthropogenic activities; A study carried
out by Iloms et al. (2020) within the Vaal river of South Africa for instance notes that
other physiochemical qualities like turbidity, BOD, PH, COD had been heavily
tampered with owing to the fact many different industries in the area processed
different products, and therefore a variety of raw products were used leading to the
availability of different pollutants which consequently meant that the rivers could be
affected in ways that could only be predicted through best guesses. Higher BOD levels
which is a very good indicator of organic pollution are also able to explain the
presence of the different agricultural activities that are ongoing on these different
points. Moreover, this can further explain the increase in COD levels at the sites with
higher BOD levels. The BOD levels correlate with the COD levels simply because these
are levels of oxygen that are required to break down organic matter and their
increase shows presence of high amounts of organic matter. Oxygen demand is a

measure of the number of oxidizable substances in a water sample that can lower DO
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concentrations. The study results at site 5 and 6 are in line with the findings of Jang
& An, (2016) who found high levels of BOD and COD. This suggest that Kinawataka
wetland is in critical position to maintain the aquatic life and aesthetic quality of

wetlands.

The COD levels from study sites along Kinawataka wetland ranged from 40.67 (site 3)
- 158 (site 5). In-fact, COD levels in the water samples from all sites were above the
WHO standard of 10 mg/L for drinking water for the stream. These observed COD
levels were similar to those of Turinayo, (2017) and those reported by Walakira and
Okot-okumu, (2011) while assessing the Impact of Industrial Effluents on Water
Quality of Streams in Nakawa-Ntinda, Uganda. The higher COD levels at site 5 could
be attributed to Industrial effluent discharge containing organic matter into the
stream (Ndugga, 2021). Similarly, Ndugga also reported a drop in COD downstream as
the case is at site 6 which was attribute to a reduction in industrial impact and role of
swamp vegetation (wetland area). Matshakeni (2016) reported COD as a measure of
the amount of oxygen required to oxidize all organic matter thus it’s increased
concentration results into higher concentrations of organic matter and nutrients. High
COD as observed at site 5 indicates presence of all forms of organic matter, both
biodegradable and no biodegradable and hence the degree of pollution in waters
(Islum et al., 2019). The COD peak at site 5 can be attributed build-up of organic and
inorganic pollution loads from untreated industry effluent discharges similar to other

reported cases of industrial discharges (Kayima et al., 2008; Oladele et al., 2011).
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4.2.2 Spatial variations in nutrient concentrations in water along Kinawataka
wetland

The nutrients concentrations (Chloride (Cl), Sulphate (504), Nitrite (NO;), Nitrate
(503), Ammonium (NH4) and Phosphate (PO4) in water raised at different sampling
sites along Kinawataka wetland. The results are presented in the subsequent sections.

e Chloride

Chloride concentration did vary significantly along Kinawataka wetland (P=0.000).
Lowest chloride concentration of 28 mg/L was recorded at site 4 followed by site 5,
site 6 and site 1. However, chloride concentration was highest (44 mg/L) at site 2
then decreased through site 3 to site 6 (Figure 4). Following ANOVA, Turkey positive
analysis indicated that the chlorine concentration in water along Kinawataka wetland

followed trend of Site 2 > Site 3 > Site 1 > Site 5 = Site 6 > site 4

50

40

—_ I ro
L (=] L (=)

Average chloride (mg/L)

,_.
o]

0
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Study sites along Kinawataka wetland

Figure 3: Chloride concentration in water along Kinawataka wetland
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chloride concentration did vary significantly along Kinawataka wetland with lowest
chloride concentration of 28 mg/L at site 4 followed by site 5 (30 mg/L), site 6 (29
mg/L) and site 1 (34 mg/L). Chloride concentration was highest (44 mg/L) at site 2
then decreased through site 3 (40 mg/L) to site 6 (30mg/L). Fortunately, all chloride
levels were below Uganda’s Quality requirements of 250 mg/l. This study is in line
with Sonowal & Baruah (2017) findings of high chloride in the wetlands in India. The
high levels of chloride at particular sites in this study imply that Kinawataka wetland
is heavily pollution.
e Sulphate

Sulphate concentrations significantly varied along the stream (P < 0.00). the highest
sulphate concentration of 15 mg/L was recorded at site 5 and site 6 and the least of 8
mg/L was recorded at site 2 (Figure 5). Following ANOVA, Turkey positive analysis
indicated that the chlorine concentration in water along Kinawataka wetland followed

trend of Site 6 = Site 5 > Site 4 > Site 1 > Site 3 = Site 1
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Figure 4: Sulphate concentration in water along Kinawataka wetland
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Sulphate concentrations significantly varied along the stream (P < 0.00). Highest
sulphate concentration of 15 mg/L was recorded at site 5 and site 6 and the least of 8
mg/L was recorded at site 2. These results indicate that there is an increasing trend
of sulphate ions in the wetland from the influent (site 2) to the effluent (sites 5&6).
The increasing concentration of sulphate in the water environment not only threatens
human health and ecological balance (Wang & Zhang, 2019), but may also affect
carbonate weathering, erosion processes, and global carbon cycle evolution (Liu et
al., 2017). Previous studies have shown that, when the human body take in excessive
sulphate, it will cause several diseases, e.g., diarrhea, dehydration, and
gastrointestinal disorders, etc. (Wang & Zhang, 2019). Sulphate in the water
environment may be transformed into the toxic substances under certain conditions,
resulting in the loss of essential metal elements in aquatic plants and changes in the
original eco-hydrological function. Soucek et al. have shown that high concentrations
of sulphate will cause the death of freshwater invertebrates (Soucek & Kennedy,
2005). The highly sulphate concentration of water environment not only influences
human life, but also places some constraints on industrial water and irrigation water.
Therefore, the WHO limits the sulphate concentration less than 250 mg/L (USEPA,

2012).

Identifying the sources of sulphate contamination accurately is the premise of
controlling the sulphate pollution in the water environment. Dissolved sulphate in
water environment is primarily derived from both natural and anthropogenic sources
(Soucek & Kennedy, 2005). Natural sources include dissolution of sulphate minerals
(e.g., gypsum), oxidation of sulphide minerals (e.g., pyrite), precipitation and
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volcanic activity, etc. In this case, there does not exist any volcanic activity around
the swamp. This indicates that possible anthropogenic actions have caused the
changes along the stream; anthropogenic sources contain sewage infiltration,
fertilizers, synthetic detergents, industrial wastewater and mining drainage, and so
on. In addition, groundwater over-exploitation will accelerate the sulphate pollution
(Wang & Zhang, 2019). Given that the swamp is surrounded by different industries and
companies that release waste water, not to talk of agriculture that is ongoing along
different shores where the stream flows, anthropogenic activities clearly increase the
levels of sulphates in the stream. The diversity of sulphate sources and its effects on
the ecological environment are attracting more and more researchers’ attention to
distinguish the sulphate sources and determine the mechanisms of sulphur and oxygen
isotopic variations of SO4* in different water and the control factors. Therefore,
study on the sources of sulphate in water environment is of great significance to

water environment safety.

e Nitrite
Nitrite concentration was significantly different (P = 0.02) among different water
samples collected along Kinawataka wetland. Apart from site 3 and site 6, other sites
have nitrite concentrations below 1 mg/L. Indeed, highest nitrite concentration of 7.9
mg/L was recorded at site 3 followed by 3.8 mg /L recorded at site 6 (Figure 6).
Following ANOVA, Turkey positive analysis indicated that the nitrite concentration in
water along Kinawataka wetland followed trend of Site 3 > Site 6 > Site 1 = Site 2 =

Site 4 = Site 5
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Figure 5: Nitrite concentration in water along Kinawataka wetland

Nitrite concentration was significantly different (P = 0.02) among different water
samples collected along Kinawataka wetland. Apart from site 3 and site 6, other sites
have nitrite concentrations below 1 mg/L. Highest nitrite concentration of 7.9 mg/L
was recorded at site 3 followed by 3.8 mg /L recorded at site 6. Nitrites and nitrates
(NO3) are nutrients which when discharged in open water bodies may also cause
eutrophication. 3 mg/l as nitrite ion (or 0.9 mg/l as nitrite-nitrogen) is the basic
standard of the ion according to the World health Organisation. The standard is
derived from Nitrite (NO2-) is not usually present in significant concentrations except
in a reducing environment, as nitrate is the more stable oxidation state. It can be
formed by the microbial reduction of nitrate and in vivo by reduction from ingested
nitrate. Nitrite can also be formed chemically in distribution pipes by Nitrosomonas
bacteria during stagnation of nitrate-containing and oxygen-poor drinking-water in
galvanized steel pipes or if chloramination is used to provide a residual disinfectant
(Christellea, Thomasa, Larissaa, & David, 2012, WHO, 2013). In humans,
methaemoglobinaemia is a consequence of the reaction of nitrite with haemoglobin in

the red blood cells to form methaemoglobin, which binds oxygen tightly and does not
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release it, thus blocking oxygen transport. Although most absorbed nitrite is oxidized
to nitrate in the blood, residual nitrite can react with haemoglobin. High levels of
methaemoglobin (greater than 10%) formation in infants can give rise to cyanosis,
referred to as blue-baby syndrome. Although clinically significant
methaemoglobinaemia can occur as a result of extremely high nitrate intake in adults
and children, the most familiar situation is its occurrence in bottle-fed infants (WHO,
2013). Although drinking-water nitrate may be an important risk factor for
methaemoglobinaemia in bottle-fed infants, there is compelling evidence that the
risk of methaemoglobinaemia is primarily increased in the presence of simultaneous
gastrointestinal infections, which increase endogenous nitrite formation, may
increase nitrate reduction to nitrite and may also increase the intake of water in
combatting dehydration (WHO, 2013). Cases have been described in which
gastrointestinal infection seems to have been the primary cause of

methaemoglobinaemia.

e Ammonium
Ammonium concentration was significantly different (P = 0.00) among different water
samples collected along Kinawataka wetland. Apart from site 4, other sites had
ammonium concentrations below 1 mg/L. Indeed, highest ammonium concentration of
2.75 mg/L was recorded at site 4 (Figure 7). Following ANOVA, Turkey positive
analysis indicated that the nitrite concentration in water along Kinawataka wetland

followed trend of Site 4 > Site 1 > Site 6 > Site 2 > Site 3 =site 5
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Figure 6: Ammonium concentration in water along Kinawataka wetland

According to the WHO (2013) standard, ammonia in drinking-water is not of
immediate health relevance, and therefore no health-based guideline value is
proposed. However, ammonia can compromise disinfection efficiency, result in nitrite
formation in distribution systems, cause the failure of filters for the removal of
manganese and cause taste and odour problems. Ammonium concentration was
significantly different (P = 0.00) among different water samples collected along
Kinawataka wetland. Apart from site 4, other sites had ammonium concentrations
below 1 mg/L. Highest ammonium concentration of 2.75 mg/L was recorded at site 4.
Ammonia in the environment originates from metabolic, agricultural and industrial
processes and from disinfection with chloramine. Natural levels in groundwater and
surface water are usually below 0.2 mg/l. Anaerobic groundwaters may contain up to
3 mg/l. Intensive rearing of farm animals can give rise to much higher levels in

surface water. Ammonia contamination can also arise from cement mortar pipe
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linings. Ammonia in water is an indicator of possible bacterial, sewage and animal
waste pollution. Ammonia is a major component of the metabolism of mammals.
Exposure from environmental sources is insignificant in comparison with endogenous
synthesis of ammonia. Toxicological effects are observed only at exposures above
about 200 mg/kg body weight. The threshold odour concentration of ammonia at
alkaline pH is approximately 1.5 mg/l, and a taste threshold of 35 mg/l has been
proposed for the ammonium cation.
e Phosphate

Phosphate concentration did vary significantly along Kinawataka wetland (P = 0.000),
with highest concentrations (0.7 mg/L) recorded at site 6 and least (0.2 mg/L) at Site
2 and 4 (Figure 8). Following ANOVA, Turkey post hoc analysis indicated that
phosphate concentrations in water along Kinawataka stream followed trend of Site 6 >

Site 1 > Site 5 > Site 3 > Site 1 = Site 2.
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Figure 7: Phosphate concentration in water along Kinawataka wetland

63



Phosphate concentration did vary significantly along Kinawataka wetland (P = 0.000).
Highest concentrations (0.7 mg/L) recorded at site 6 and least (0.2 mg/L) at Site 2
and 4. The NEMA quality standards of phosphate are 2.2 and this is indicative that the
stream ranges are within portable water standards and therefore not harmful to the
environment. However, the trend of increase can be used to assess the nature of
anthropogenic activities particularly around the sites 1 & 6 as those with the highest
concentrations; site 6 being greater than site1. High phosphate levels can come from
man-made sources such as septic systems, fertilizer runoff and improperly treated
waste-water (Phuong et al., 2022). The phosphates enter the water as the result of
surface run-off and bank erosion through both urban and agricultural settings. In the
form of phosphate, it was used to produce fertilizers in order to increase yields in
agriculture. It also presents in many products that are widely used such as detergents,
hardeners, toothpaste, corrosion inhibitors, industrial food additives. However, the
over-use of fertilizers, as well as phosphate-containing products causes a large
amount of phosphate to accumulate in the soil or be washed out into rivers, streams,
ponds, lakes, and present in wastewater contributes to significant phosphate
pollution (Phuong et al., 2022). Pollution of phosphate in the aquatic environment
can lead to the phenomenon called eutrophication, in which algal blooms excessively,
dissolved oxygen will be largely consumed, so it causes serious effects on the quality
of water and aquatic life. Phosphorus tends to attach to soil particles and, thus,
moves into surface-water bodies from runoff. However, given that the levels are
below the national standards of portable water, it can come to account that the

causes of phosphorus can underground water concentrations as research by USGS
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study on Cape Cod, Massachusetts showed that phosphorus can also migrate with
groundwater flows. Since groundwater often discharges into surface water, such as
through streambanks into rivers, there is a concern about phosphorus concentrations

in groundwater affecting the water quality of surface water (USGS, 2018).

e Nitrate
Nitrate concentration did vary significantly along Kinawataka wetland (P = 0.03),
however, nitrate concentration at site 5 was not significantly different from that at
site 6. However, nitrate concentrations increased gradually from site 1 (8 mg/L) to
site 2 (11.6 mg/L) then declines at other sites (Figure 9). Following ANOVA, Turkey
post hoc analysis indicated that nitrate concentrations in water along Kinawataka

wetland followed trend of Site 2 > Site 3 > Site 1 > Site 5 = Site 6 > Site 4.
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Figure 8: Nitrate concentration in water along Kinawataka wetland



Nitrate concentration did vary significantly along Kinawataka wetland (P = 0.03).
Nitrate concentration at site 5 was not significantly different from that at site 6.
Nitrate concentrations increased gradually from site 1 (8 mg/L) to site 2 (11.6 mg/L)
then declines at other sites. The NEMA quality standards of nitrate is 25 mg/l while
for the WHO standards, the nitrate is required to be an approximate of 45mg/l for
long term exposure and 50mg/l for short term exposure (WHO, 2013); considering
these standards, the quantities of the nitrate ions are lower compared to the harmful
levels. However, assessment of the trends shows a gradual increase in the first three
sites which then hits the lowest point at site4 and then goes on to increase. Nitrate
(NO3 -) is found naturally in the environment and is an important plant nutrient. It is
present at varying concentrations in all plants and is a part of the nitrogen cycle.
Nitrate may be present as a consequence of tillage when there is no growth to take
up nitrate released from decomposing plants, from the application of excess inorganic
or organic fertilizer and in slurry from animal production (WHO, 2013). Nitrate can
reach both surface water and groundwater as a consequence of agricultural activity
(including excess application of inorganic nitrogenous fertilizers and manures), from
wastewater disposal and from oxidation of nitrogenous waste products in human and
animal excreta, including septic tanks. Surface water nitrate concentrations can
change rapidly owing to surface runoff of fertilizer, uptake by phytoplankton and
denitrification by bacteria, but groundwater concentrations generally show relatively
slow changes. Some ground waters may also have nitrate contamination as a

consequence of leaching from natural vegetation.
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Nitrates and nitrates, which are frequently present due to sewage contamination or
agricultural runoff, are best managed by protecting the source water from
contamination (Christellea et al., 2012). They are difficult to remove, although
disinfection will oxidize nitrite, the more toxic form, to nitrate. In addition,
disinfection will sanitize the water and reduce the risk of gastrointestinal infection,
which is a risk factor for methaemoglobinaemia caused by excess nitrate/nitrite
exposure of infants up to approximately 3-6 months of age (Christellea et al., 2012,

WHO, 2013).

4.3 Temporal variations in the physico-chemical water parameters
e Water pH

The average pH values across all sites exhibit a variation from 6 to 7.2, with the
highest average pH being observed during the wet season (after a rainfall event).
However, the average pH values at site 5 and site 2 are higher during the wet season
compared to the dry season (No rainfall event). During the dry season, the average
pH values at site 1, site 2, and site 4 are the same, but it drops significantly at site 3.
Furthermore, site 6 records the lowest average pH value during this season, while
site 5 has the highest average pH value. In contrast, during the wet season, site 3
exhibits the highest average  pH value, followed by site 1, site 4, and site 6,
respectively (Figure 10). The pH value at site 4 and site 5 is the same, i.e. 6.7.
Similarly, the pH value at site 2 and site 6 is the same, i.e. 6.3, during the wet

season.
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Figure 9 : Temporal variations in water pH along Kinawataka stream
The findings suggest that pH values within the Kinawataka wetland exhibit significant
seasonal variation, with higher pH values recorded during the wet season. They
further highlight the variability in pH values across the different sampling sites and
seasons within the Kinawataka wetland. The highest pH values were recorded during
the wet season which is consistent with previous studies that have reported higher pH
values during the wet season due to increased alkalinity and dilution of acidic
pollutants and increased photosynthesis by aquatic plants and a decrease in acid
inputs from rainfall (Chapman, 1996; Singh et al., 2018)
. The variation in pH values during the dry season can be attributed to factors such as
reduced water flow and increased organic matter decomposition, which can cause a
decrease in pH values (Yisa et al., 2015).

e Electrical conductivity
The electrical conductivity (EC) is an important parameter used to determine the

presence of inorganic compounds in water. The average electrical conductivity (EC)
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across all sites exhibits a clear seasonal variation, with higher values being observed
during the dry season except, site 1 which records a higher average EC during the
wet season compared to the dry season. Despite this overall trend, there exists a
small difference in the average EC values at each individual site between the two
seasons. Among all sites, site 2 records the highest average EC value, while site 4
has the lowest. During the dry season, the average EC varies in the following order:
site 2 > site 3 > site 5 > site 4 > site 6. Notably, the average EC value at site 1 and
site 5 is similar, i.e., 38us/cm. In contrast, during the wet season, the average EC
value exhibits a different trend, with the order being site 2 > site 3 > site 1 > site 4 >

site 5 > site 6 (Figure 11).
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Figure 10: Temporal variation in electrical conductivity along Kinawataka wetland

This observation is consistent with previous studies, such as Yisa et al. (2015), who

found that water samples collected during the dry season had higher EC values than
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samples collected during the wet season. The high EC values at site 1 can be
attributed to local factors, such as human activities or natural processes that may be
influencing the EC of water in this specific site. For instance, Singh et al. (2018)
reported that EC values in the Yamuna River in Delhi, India were influenced by
anthropogenic activities such as industrial effluent discharge, sewage discharge, and
agricultural runoff. The differences in EC values between sites can be attributed to
variations in land use, soil type, and hydrogeological conditions, which are known to
influence water quality parameters. For instance, Chapman (1996) found that EC
values in water bodies were influenced by soil type, land use, and rainfall patterns.
This variation in the order of EC values during the two seasons can be attributed to
differences in the flow of water in the wetland. During the wet season, increased
rainfall can lead to changes in the flow patterns of water and the distribution of
pollutants, which can influence EC values in different sites.
e Total alkalinity

The Total Alkalinity (T. Alk.) values along the wetland display a clear seasonal trend,
with higher values being observed during the wet season, except for site 3 and site 5,
where the T. Alk. is higher during the dry season. Despite this overall trend, there
exists a small variation in the T. Alk. at each individual site between the two seasons.
During the dry season, the T. Alk. is highest at site 3, while the lowest value is
observed at site 1, with a variation trend of site 3 > site 2 > site 5 > site 6 > site 1.
Interestingly, site 5 records the same T. Alk. Value as site 4 during the dry season

(i.e. 1.40E+02); during the wet season, the T. Alk is highest at site 3, and the trend is
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site 3 > site 2 > site 4 > site 5 > site 1 > site 6. Of note, the T. Alk. Value of site 6

shows the smallest difference between the two seasons among all sites (Figure 12).
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Figure 11: Temporal variation in alkalinity of water along Kinawataka wetland

The results show a clear seasonal trend in the Total Alkalinity (T. Alk.) values along
the wetland, with higher values being observed during the wet season, except for site
3 and site 5, where the T. Alk. is higher during the dry season. These findings are
consistent with previous studies that have reported higher alkalinity values during the
wet season due to increased organic matter decomposition and mineralization,
leading to an increase in bicarbonate and carbonate ions in the water (Khemis et al.,
2016; Pansera et al., 2019). The small variation in the T. Alk. at each individual site
between the two seasons can be attributed to the site-specific characteristics such as
the type and amount of vegetation, water flow rate, and nutrient availability
(Adeogun et al., 2015). Site 3 records the highest T. Alk. value during the dry season,

while site 1 records the lowest value, indicating the influence of the surrounding land
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use on the water chemistry (Han et al., 2019). Furthermore, the T. Alk. value at site
5 and site 4 is the same during the dry season, suggesting similar environmental
conditions. During the wet season, the T. Alk. value is highest at site 3, which can be
attributed to the high organic matter decomposition and mineralization rates in the
surrounding area (Liang et al., 2017). The T. Alk. value at site 6 shows the smallest
difference between the two seasons among all sites, indicating that the site is less
affected by the seasonal variations in water chemistry. The trend observed during the
wet season, with site 3 having the highest T. Alk. value, followed by site 2, site 4, site
5, site 1, and site 6, respectively, may be due to the influence of surface runoff and
groundwater inflow (Wu et al., 2019).
e Total hardness

The Average Total Hardness (T. hard) values exhibit a clear seasonal trend, with
higher values being observed during the dry season, except for site 1, where the T.
hard value is higher during the wet season. However, there exists a small variation in
the T. hard values at each individual site between the two seasons, except at site 6.
During the dry season, the T. hard value is highest at site 2 (118), with a trend of site
2 > site 6 > site 3 > site 1 > site 4 > site 5. In the wet season, the T. hard value is
highest at site 2 (110) and follows a trend of site 2 > site 1 > site 3 > site 4 > site 6.
Interestingly, the T. hard values of site 4 and site 5 are the same during the wet

season, i.e., 80 (Figure 13)
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Figure 12: Temporal variation in water hardness along Kinawataka wetland
e Biological oxygen demand

The biological oxygen demand (BOD) in the water samples collected from the study
sites exhibit significant variations in both the wet and dry seasons. Generally, the
average BOD concentration is higher in the wet season compared to the dry season,
except for site 2 and 1 where the average BOD is higher in the dry season. However,
there is a relatively small variation in the average BOD between the two seasons at
the individual sites. The average BOD concentration at the different sites ranges from
28 to 70, indicating a clear variation in average BOD across the study sites. In the dry
season, the average BOD ranges from 28 to 62, with a trend from site 5 having the
highest concentration followed by site 6, 1, 4, 2, and 3, respectively. Interestingly,
site 3 has the lowest average BOD concentration in the dry season. In contrast,
during the wet season, the average BOD concentration ranges from 35 to 70, with a

different trend compared to the dry season. Site 5 still has the highest average BOD
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concentration, followed by site 6, 4, 1, 2, and 3, respectively. Site 3 still has the

lowest average BOD concentration in the wet season (Figure 14).
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Figure 13: Temporal variation in BOD along Kinawataka wetland

The results of the study indicate significant variations in the biological oxygen
demand (BOD) across the different sites in both the wet and dry seasons. The average
BOD concentration is generally higher in the wet season compared to the dry season,
which is consistent with other studies conducted in wetlands (Wang et al., 2017; Liu
et al., 2020). However, site-specific variations were observed, with site 2 and 1
recording higher average BOD in the dry season than the wet season, indicating that
BOD concentrations are influenced by local factors. The small variation in average
BOD between the two seasons at individual sites suggests that the wetland systems
are effective in maintaining stable water quality parameters. The range of average
BOD concentrations at the different sites from 28 to 70 indicates a clear variation in

organic pollution levels across the study sites. Site 5 has the highest average BOD
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concentration in both seasons, which could be attributed to the presence of
anthropogenic activities such as agricultural practices and discharge of wastewater
into the wetland system (Kang'ethe et al., 2021; Yang et al., 2021). In contrast, site 3
has consistently recorded the lowest average BOD concentration in both seasons,
indicating the effectiveness of the wetland system in reducing organic pollution
levels. The results of this study are consistent with previous studies that have
demonstrated the effectiveness of constructed wetlands in reducing organic pollution

levels in water bodies (Zhang et al., 2019; Li et al., 2020).

¢ Chemical oxygen demand
The concentration of chemical oxygen demand (COD) shows a marked variation across
the different sites, with values ranging from 44 to 160. However, the average COD is
found to be almost the same in both the wet and dry seasons at most of the sites. The
exception is site 5, where the average COD is observed to be higher in the dry season
compared to the wet season. Similarly, at site 6, the average COD is higher in the wet
season than in the dry season. Overall, the average COD level across all sites and
seasons ranges from 44 to 160, indicating a significant difference in organic pollution

levels in the water (Figure 15).
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Figure 14: Temporal variation in water COD along Kinawataka wetland

The concentration of chemical oxygen demand (COD) provides an estimate of the
amount of organic matter present in water, with higher COD values indicating higher
levels of organic pollution. The findings in Figure 15 above, indicate that there is a
difference in the seasonal effect on organic pollution levels at different sites in the
wetland. The variation in COD levels between the two seasons at site 5 and site 6 can
be attributed to the difference in hydrological conditions between the dry and wet
seasons. The dry season is characterized by lower water flow rates, higher
temperatures, and reduced dilution capacity, leading to a concentration of pollutants
and an increase in organic pollution levels. In contrast, the wet season is
characterized by higher water flow rates, lower temperatures, and increased dilution
capacity, leading to a reduction in pollutant concentration and a decrease in organic
pollution levels. The COD values observed in this study are in line with previous

studies that have reported higher COD values in water bodies with a high input of
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organic matter from anthropogenic sources (Al-Obaidi & Abdul-Wahab, 2013; Wang et
al., 2016). The high levels of organic matter in the wetland can be attributed to the

discharge of untreated wastewater, agricultural runoff, and industrial effluents.

4.3.1 Temporal variations in nutrient concentrations in water along Kinawataka
wetland
e Chloride

The concentration of chloride varies across the sites studied. However, overall, the
average chloride concentration remains relatively consistent within each site
between the two seasons, except for site 2. At this location, there is a substantial
difference in chloride concentration between the dry and wet seasons. Across all
sites, the average chloride concentration ranges from 30mg/L to 50mg/L, with some
sites showing higher concentrations than others. During the dry season, the average
chloride concentration follows a specific trend, with site 2 exhibiting the highest
levels followed by site 3, site 1, site 4, site 5, and site 6, respectively. Conversely, in
the wet season, there is a different trend in the variation of chloride concentration
among sites. Site 3 shows the highest average chloride concentration, followed by

site 2, site 1, site 5, site 6, and site 4, respectively (Figure 16)

77



50

e

20

Average chloride (mg/L)

10

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6

Sites along Kinawataka wetland

e=@umry season  ==@mm\\et season

Figure 15: Temporal variation in chloride along Kinawataka wetland

The study reveals variation in chloride concentration across the different sites
studied. The consistent average concentration within each site between the dry and
wet seasons except for site 2, highlights the need for further investigation into the
factors that contribute to the variability in chloride concentration across different
sites. The observed variation in chloride concentration across the different sites could
be attributed to several factors such as geology, precipitation, and human activities.
According to a study conducted in Uganda, chloride concentration in surface water is
affected by land use and activities like mining and agriculture that may release
chloride into water sources (Balikuddembe et al., 2016). The difference in chloride
concentration between the dry and wet seasons at site 2 may be due to changes in
precipitation patterns, which can affect the dilution of chloride in water bodies. The
high chloride concentration observed at site 2 during both seasons is a cause for

concern since high chloride levels can have adverse effects on aquatic life and public
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health. In Uganda, excessive chloride in water sources has been associated with

increased risk of hypertension and other health problems (Kabagambe et al., 2018).

e Sulphates
The concentration of sulphate shows a clear pattern of variation between the dry and
wet seasons, with higher levels recorded during the dry season. Across all seasons, the
average sulphate concentration ranges from 7.5mg/L to 16.5mg/L. Site 6
consistently exhibits the highest average sulphate concentration, while site 2
consistently shows the lowest levels. During the dry season, there is a distinct
variation in the average sulphate concentration among the sites, with site 6
exhibiting the highest levels followed by site 5, site 4, site 1, site 2, and site 3,
respectively. In contrast, during the wet season, the variation in sulphate
concentration follows a different pattern, with site 5 showing the highest average
concentration, followed by site 6, site 1, site 4, site 3, and site 2, respectively (Figure

17).
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Figure 16: Temporal variation of sulphates along Kinawataka wetland

The results of the study indicate that the concentration of sulphate in the water
samples varied between the dry and wet seasons. This is consistent with previous
studies that have reported higher levels of sulphate during the dry season due to
increased evapotranspiration rates, which lead to an increase in the concentration of
dissolved salts in water bodies (Kamarajugadda & Naidu, 2016; Almeida et al., 2019).
The observed trend in sulphate concentration across the study sites could be
attributed to differences in geological and hydrological factors such as mineral
content, precipitation, and water flow rates (Shamsudduha et al., 2011; Ajemba et
al., 2018). This variation in concentration levels is consistent with the fact that
sulphate is a naturally occurring mineral that can be found in varying concentrations
in groundwater depending on the geology of the area (Ajemba et al., 2018).
Furthermore, the higher levels of sulphate at site 6 could be attributed to the

presence of sulphur-rich minerals in the groundwater in that location.
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During the dry season, the average sulphate concentration followed a specific trend,
with site 6 exhibiting the highest levels followed by site 5, site 4, site 1, site 2, and
site 3, respectively. This trend could be attributed to differences in the geological
and hydrological factors that influence sulphate concentration levels in groundwater.
For instance, site 6 is located in an area with high precipitation rates, which could
contribute to higher levels of sulphate due to increased leaching of minerals from the

soil into groundwater (Ajemba et al., 2018).

In contrast, during the wet season, the variation in sulphate concentration followed a
different pattern, with site 5 showing the highest average concentration, followed by
site 6, site 1, site 4, site 3, and site 2, respectively. The observed trend could be
attributed to differences in the amount and distribution of rainfall across the study
sites, which can influence the leaching of minerals from the soil into groundwater.
The higher levels of sulphate at site 5 during the wet season could be due to high
precipitation rates that lead to increased leaching of minerals from the soil into

groundwater (Shamsudduha et al., 2011).

o Nitrites
The concentration of nitrite exhibits a distinct pattern of variation between the dry
and wet seasons, with higher levels recorded during the dry season. During the wet
season, the average nitrite concentration is recorded as Omg/L across all sites.
Several sites consistently exhibit an average nitrite concentration of Omg/L in both
the dry and wet seasons, including site 2, site 4, and site 5. Conversely, site 3

consistently exhibits the highest average nitrite concentration across both seasons,
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with an average of 15mg/L. Site 6 also shows relatively high levels of nitrite,

followed by site 1 (Figure 18).
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Figure 17: Temporal variation in nitrites concentration along Kinawataka wetland

The results of the study also indicate that the nitrite concentration levels vary across
different sites. This finding is consistent with a study conducted by Kasozi et al.
(2018), which also found variations in nitrite levels across different sites in Uganda.
The study suggested that the variations could be attributed to differences in land use,
agricultural practices, and human activities around the water sources. Therefore, it is
important to consider the specific sources and factors contributing to nitrite

contamination in each location to develop effective mitigation strategies.

The pattern of nitrite concentration in this study is consistent with previous studies
in different regions of the world, where nitrite levels were also observed to be higher
during dry seasons compared to wet seasons (Nandini et al., 2019; Waseem et al.,

2014). The higher levels of nitrite during dry seasons can be attributed to several
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factors, including lower water volume, increased temperature, and reduced dilution
of pollutants, leading to higher concentrations (Kumar et al., 2019). The consistently
low nitrite levels at sites 2, 4, and 5 may suggest lower levels of anthropogenic
activity, whereas the high nitrite levels at sites 1, 3, and 6 may indicate higher levels
of pollution from agricultural runoff or other anthropogenic sources (Makokha et al.,
2019). The presence of nitrite in water sources is a concern, as nitrite can react with
organic matter to form carcinogenic compounds called nitrosamines (Vazquez-Roig et
al., 2016). Ingestion of nitrosamines has been linked to an increased risk of cancer,
making it important to monitor and manage nitrite levels in water sources (World
Health Organization, 2017). The high levels of nitrite observed in site 3 in this study
indicate a potential health risk for those relying on this water source. Further
research is needed to identify the sources of nitrite pollution and develop strategies

to mitigate its negative impacts on water quality and human health.

e Nitrates
The results of the study showed that there are notable differences in the average
nitrate concentrations between the dry and wet seasons. Specifically, it was found
that, with the exception of sites 4 and 5, the average nitrate concentration was
higher in the dry season compared to the wet season. However, even within this
general trend, there were significant variations in the nitrate concentrations at
individual sites. The average nitrate concentration across all sites ranged from
0.7mg/L to 15mg/L, highlighting the significant variation in nitrate levels across the
study area. In the dry season, the average  nitrate concentration ranged from

0.7mg/L to 15mg/L, with site 2 showing the highest concentration, followed by site 3,
83



site 1, site 6, site 5, and site 4 in that order. In the wet season, the average nitrate
concentration ranged from 4.7mg/L to 8.0mg/L, with site 2 again showing the highest
concentration, followed by site 1, site 3, and site 4. Notably, site 5 and site 2 showed
the same average nitrate concentration, while site 3 and site 6 also had the same

average nitrate concentration (Figure 19).
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Figure 18: Temporal variation of nitrates along Kinawataka wetland

The findings of the study are consistent with previous research on nitrate
contamination in water sources. For example, a study conducted by Bhargava et al.
(2019) in India found that nitrate concentrations were generally higher during the dry
season than the wet season. This could be due to increased fertilizer use and reduced
dilution in water bodies during the dry season. Similarly, a study conducted by
Mokwunye et al. (2018) in Nigeria found that nitrate concentrations in groundwater
were generally higher during the dry season compared to the wet season. The
variation in nitrate concentrations across different sites observed in the study could

be attributed to differences in land use and agricultural practices in the surrounding
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areas. For instance, site 2, which consistently showed the highest nitrate
concentration, is located in an area with intensive crop cultivation and fertilizer use.
Similarly, site 3, which had the second-highest nitrate concentration, is situated near
a sewage treatment plant and an industrial area, which could contribute to nitrate
contamination.

The high nitrate levels observed in some of the study locations, particularly during the
dry season, pose a potential health risk to consumers. High nitrate levels have been
linked to methemoglobinemia, a condition that can cause reduced oxygen transport in
the blood, particularly in infants (World Health Organization, 2011). Therefore, it is
important to regularly monitor nitrate levels in water sources and implement
mitigation strategies to reduce contamination. Some possible strategies include
reducing fertilizer use, promoting better agricultural practices, and establishing
buffer zones around water sources to reduce runoff and prevent contamination.

e Ammonium

The study revealed that, overall, the average ammonium concentration in the study
area is quite low, with most sites registering concentrations of less than 1mg/L,
except for site 4, which showed a notably higher concentration of 5.4mg/L during the
dry season. While there were some variations in ammonium concentrations between
sites, these differences were relatively minor in both the dry and wet seasons.
However, it was observed that the concentration of ammonium tended to be higher in

the dry season across all sites (Figure 20).
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Figure 19: Temporal variation of ammonium along Kinawataka wetland

This high concentrations at site 4 could be due to various factors, such as agricultural
practices, human waste disposal, or industrial activities. The observation that
ammonium concentrations tended to be higher in the dry season is consistent with
studies conducted in Uganda and other regions. For instance, a study in the Lake
Victoria region of Uganda found higher ammonium concentrations in water samples
during the dry season compared to the wet season (Omuombo et al., 2019).
e Phosphate

The data showed that there is considerable variability in the concentration of
phosphates across the different sites, with higher concentrations generally observed
during the wet season, except for sites 6 and 3, which had higher concentrations
during the dry season. Overall, the concentration of phosphates across all sites ranged
from 0.15mg/L to 0.95mg/L in both seasons, indicating that phosphate levels are

present in the study area but vary significantly across different sites. While there was
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moderate variation in the concentration of phosphate at most individual sites in both
seasons, site 6 stood out as having a particularly large difference in phosphate
concentration between the wet and dry seasons.

During the dry season, the phosphate concentration varied from 0.15mg/L to
0.95mg/l, with site 6 showing the highest concentration, followed by site 1, site 3,
and site 2 in that order. Notably, sites 2 and 4 both had a phosphate concentration of
0.15mg/L, while sites 3 and 5 both had a concentration of 0.25mg/L. In the wet
season, the phosphate concentration ranged from 0.2mg/L to 0.65mg/L, with site 1
showing the highest concentration, followed by site 6, site 5, site 2, site 4, and site 3
(Figure 21).

These findings highlight the variability of phosphate levels across different sites and
seasons and suggest the need for continued monitoring and management efforts to

ensure the health of the local ecosystem.
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Figure 20: Temporal variation in phosphate along Kinawataka wetlands
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The results of the study indicate that phosphate levels in the study area vary
significantly between sites and seasons. Higher concentrations of phosphates were
generally observed during the wet season, with a few exceptions, while lower
concentrations were recorded during the dry season. These findings are consistent
with previous studies conducted in other regions of Uganda, which have shown that
higher levels of phosphates are generally observed during the wet season due to
increased runoff and agricultural activities (Ssemogerere et al., 2015; Wasswa et al.,
2015). The observed variability in phosphate concentrations across the different sites
can be attributed to variations in land use and human activities around the water
sources. For instance, sites with higher agricultural activity, such as site 6, may have
higher phosphate levels due to the use of fertilizers and other chemicals.

On the other hand, sites with less agricultural activity, such as site 4, may have lower
phosphate levels. The study's finding that site 6 had a particularly large difference in
phosphate concentration between the wet and dry seasons underscores the need for
continuous monitoring of water quality in the study area. This is because changes in
land use and agricultural practices over time could lead to changes in the
concentration of phosphates in water sources. Regular monitoring can help identify
changes in phosphate concentrations and enable the development of appropriate
mitigation strategies.

It is worth noting that the concentrations of phosphates recorded in the study area,
although relatively low, are still a cause for concern. High levels of phosphates in
water sources can lead to eutrophication, a process where excessive growth of algae

and other aquatic plants can deplete oxygen in water bodies, leading to the death of

88



fish and other aquatic organisms (Liu et al., 2015). Additionally, phosphates can also
contribute to the growth of harmful bacteria and pathogens in water sources, posing a

risk to human health.

e Manganese
The data shows that, in general, the average manganese concentration is higher in
the wet season than in the dry season, with the exception of site 4 and 5 where
concentrations are higher in the dry season. The deviation in concentration at each
site with respect to the dry and wet seasons is small. The concentration of manganese
ranges from 0.025mg/L to 0.35mg/L across all sites in both seasons. In the dry season,
the manganese concentration ranges from 0.07mg/L to 0.35mg/L, with most sites
showing similar levels, except for site 4 which has an outlying concentration of
0.35mg/L. In contrast, in the wet season, the concentration of manganese varies
more significantly, ranging from 0.025mg/L to 0.151mg/L. There is a clear variation in
the trend, with site 1 showing the highest concentration, followed by site 6, site 3,

site 2, site 4, and site 5 (Figure 22).
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Figure 21: Temporal variation in manganese along Kinawataka wetland

The study found that the concentration of manganese in the study area is generally
higher during the wet season compared to the dry season, except for sites 4 and 5
where concentrations are higher in the dry season. This finding is consistent with
previous studies conducted in other regions of the world, where higher concentrations
of manganese have been observed during the wet season due to increased runoff and
water flow (Wang et al., 2019; Zhou et al., 2019). While there is some variation in
manganese concentrations between sites, the differences are relatively small in both
seasons. The average concentration of manganese across all sites ranges from
0.025mg/L to 0.35mg/L, which is within the permissible limit set by the World Health
Organization (WHO) for drinking water (WHO, 2017). In the dry season, the
concentration of manganese ranges from 0.07mg/L to 0.35mg/L, with site 4 being an
outlier with a concentration of 0.35mg/L. The higher concentration of manganese in

site 4 during the dry season may be attributed to the geological and hydrological
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conditions of the area. Previous studies have shown that the concentration of
manganese in groundwater can be influenced by the type of rocks and soil present in

the area (Sahay et al., 2019).

Site 4 is located near a geological formation that is known to have high levels of
manganese, which may explain the higher concentration observed in this site. In the
wet season, the concentration of manganese varies more significantly, ranging from
0.025mg/L to 0.151mg/L. Site 1 had the highest concentration of manganese,
followed by site 6, site 3, site 2, site 4, and site 5. The variation in the concentration
of manganese in the wet season may be due to the dilution effect of increased water

flow during the rainy season (Wang et al., 2019).
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CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The following conclusions were drawn from the study;

Firstly, there is continuous high-speed conversion of land cover from wetland to other
land uses such as residential settlement, industrialization, urbanization, and
agriculture. Such changes have significantly had a great impact on the quality of

water along Kinawataka wetland

Secondly, there is significant variations in physico-chemical, and nutrient
concentrations in water along Kinawataka wetlands with sites closer to industrial
effluent discharge points such as Site 2 (at Kinawataka downstream (Kasokoso) and
Site 5 (Ntinda stream at factory road) having higher concentrations whereas Site 3
(Kinawataka stream at Kito bridge (before wetland) and Site 6 (at Ntinda stream along
Ntinda-stretcher road 1) had the least levels. Its thus concluded that uncontrolled
discharge of non or partially treated effluent into the stream alters the levels of the

different water quality parameters in Kinawataka wetland.

Lastly, physico-chemical properties and nutrient concentrations differ along
Kinawataka wetland with season of the year with sites closer to industrial effluent
discharge points having more concentration levels during the dry season compared to
that in the wet season. In addition, sites downstream are highly nutrient concentrated
in the wet season compared to those upstream. Therefore, change in seasons and

time has a reversal impact on the quality of water in Kinawataka wetland.
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The findings will give the policy makers a baseline for monitoring the stream and
enacting different environmental policies on wetland conservation on Kinawataka
stream and other streams in Uganda which are heavily polluted by land use and
anthropogenic activities around the stream because the presence of some parameters
in high concentrations have effects on the livelihoods of the end users of the stream
water. The findings also highlight the weakness in enforcement of policy on wetland
and biodiversity protection by the governing bodies and shows that new guidelines

and policies have to be drawn and sanctioned with heavy penalties.

5.2 Recommendations

The following recommendations were drawn from the study;

Results of the study show that Kinawataka wetland water needs consideration before
use by humans for either domestic or agricultural use. Considering it as a major
source of water for surrounding communities such as the poorer urban dwellers of
Kasokoso, there is need to advice community members to treat this water before use
or effluents discharged into the Kinawataka wetland should be carefully treated or its
use limited where necessary more so for domestic purposes.

National Environment Management Authority (NEMA) should audit the environmental
friendliness and effectiveness of effluents treatment by surrounding industries before
their discharge into Kinawataka wetland.

Encroachment at different interact sections of Kinawataka wetland mainly for

agriculture and human settlement should be altered and the encroachers evicted so
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that the low ability of the wetland to naturally filter and treat effluent from the

surrounding industries is not further compromised.

It is also important for the area authorities in conjunction with NEMA, to come up
with regulations to streamline and control different activities along Kinawataka

wetland so that to minimize their impact on the ecological state of the wetland.

Most importantly, the communities along Kinawataka wetland should be sensitized on
the impacts of their activities on the ecological status and quality of water source

within wetland so that they make informed decisions.

Further research should be undertaken to ascertain the overall implication of effluent
discharge and alternations of water quality on the biological properties and diversity

within Kinawataka.

In addition, the concentration of heavy metals in vegetation more so edible plants
like yams and sugar canes grown along and within Kinawataka wetland should be
studied to establish if they are not beyond limits and if they are fit for human

consumption.
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APPENDICES

Appendix 1: Summary of physico-chemical parameters along Kinawataka wetland

95% Confidence
Interval for
Std. Mean
Deviati| Std. | Lower | Upper Maxim
N | Mean | on | Error | Bound | Bound | Minimum | um
potential Kinawatak
Hydrogen a 12| 6.7500] .62158|.17944| 6.3551| 7.1449 6.00[ 8.00f
upstream
Kinawatak
a
12| 6.5000| .67420|.19462| 6.0716| 6.9284 5.00 7.00]
downstrea
m
Kinawatak
a stream
12| 6.8333|.71774|.20719| 6.3773| 7.2894 6.00[ 8.00|
at kito
bridge
Kyambogo
stream at| 12( 6.6667(.65134|.18803| 6.2528| 7.0805 5.00 7.00]
jinja road
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Ntinda

stream at
12| 6.8333|.71774|.20719| 6.3773| 7.2894 5.00| 8.00]
factory
road
Ntinda
stream at
1.0298
Ntinda- 12| 6.1667 .29729| 5.5123| 6.8210 5.00| 8.00]
6
stretcher
road
Total 72| 6.6250| .75875|.08942| 6.4467| 6.8033 5.00| 8.00]
Electrical Kinawatak
39.333|2.1461
conductiv a 12 .61955|37.9697|40.6969 36.00( 43.00]
3 7
ity upstream
Kinawatak
a 50.333|2.0597
12 .59459149.0247)|51.6420 47.00| 53.00]
downstrea 3 1
m
Kinawatak
a stream 46.500( 1.8829
12 .54356(45.3036|47.6964 44.00| 49.00]
at kito 0 4
bridge
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Kyambogo

34.333|2.6742
stream at| 12 .77198]32.6342)|36.0325 31.00f 38.00
3 3
jinja road
Ntinda
stream at 34.666| 3.6514(1.0540
12 32.3466|36.9867 30.001 39.00
factory 7 8 9
road
Ntinda
stream at
31.166| 1.2673
Ntinda- 12 .36584|30.3615|31.9719 29.00( 33.00
7 0
stretcher
road
Total 39.388|7.3245
72 .86321|37.6677|141.1101 29.00( 53.00
9 8
Total.Alk Kinawatak
1.1050(5.6165(1.6213(106.931(114.068
alinity a 12 100.00{ 120.00
E2 3 5 4 6
upstream
Kinawatak
a 1.4550(5.9314(1.7122(141.731(149.268
12 136.00| 157.00
downstrea E2 3 6 4 6
m
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Kinawatak

a stream 1.7533(5.0512|1.4581(172.123(178.542
12 167.00] 184.00
at kito E2 5 7 9 7
bridge
Kyambogo
1.3033(5.4993(1.5875(126.839(133.827
stream at| 12 121.00{ 140.00
E2 1 1 2 4
jinja road
Ntinda
stream at 1.2517(5.3739(1.5513(121.752(128.581
12 117.00] 136.00
factory E2 0 1 3 1
road
Ntinda
stream at
1.0733(7.7733(2.2439(102.394(112.272
Ntinda- 12 95.00( 121.00
E2 0 6 4 3
stretcher
road
Total 1.3236(23.878(2.8141(126.750(137.972
72 95.00( 184.00
E2 39 0 0 3
Total.Har Kinawatak
1.0183(6.5897(1.9022 106.020
dness a 12 97.6464 90.00| 112.00
E2 1 8 2
upstream

123




Kinawatak
a
downstrea

m

Kinawatak
a stream
at kito
bridge

Kyambogo
stream at
jinja road
Ntinda

stream at
factory

road

Ntinda
stream at
Ntinda-
stretcher

road

Total

12

12

12

12

12

72

1.1400

E2

98.666

84.000

80.833

77.166

92.750

4.8053

5.1581

6.3101

3.8808

31.003

91

18.601

64

1.3871

1.4890

1.8215

1.1202

8.9500

2.1922

110.946

9

95.3894

79.9907

78.3676

57.4677

88.3788

117.053

1

101.944

0

88.0093

83.2991

96.8656

97.1212

105.00

90.00

75.00

75.00

41.00

41.00

122.00

108.00

95.00

88.00

113.00

122.00
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Calcium

Hardness

Kinawatak
73.000( 12.947|3.7376
a 12 64.7736(81.2264 43.00| 90.00
0 45 1
upstream
Kinawatak
a 67.916| 17.490|5.0489
12 56.8040|79.0293 18.00| 87.00
downstrea 7 04 4
m
Kinawatak
a stream 62.583| 8.8055|2.5419
12 56.9885|68.1781 48.00| 76.00
at kito 3 6 5
bridge
Kyambogo
57.166| 12.089|3.4898
stream at| 12 49.4855|64.8479 44.00| 87.00
7 31 8
jinja road
Ntinda
stream at 53.833|17.103(4.9372
12 42.9666|64.7001 15.00] 82.00
factory 3 07 3
road
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Ntinda

stream at
57.083|26.510|7.6529
Ntinda- 12 40.2393|73.9273 12.00| 85.00
3 58 4
stretcher
road
Total 61.930( 17.548|2.0681
72 57.8068|66.0543 12.00] 90.00
6 59 2
Total.lron Kinawatak
a 12| .2583|.04569|.01319| .2293| .2874 .19 .35
upstream
Kinawatak
a
12| 1.0400( .09881|.02852| .9772| 1.1028 .92 1.25
downstrea
m
Kinawatak
a stream
12| .4983|.18737|.05409| .3793| .6174 .20 .85
at kito
bridge
Kyambogo
stream at| 12| .8283(.21620/.06241| .6910[ .9657 .50 1.25
jinja road
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Ntinda

stream at
12| .3583(.09806|.02831| .2960| .4206 .20 .55
factory
road
Ntinda
stream at
Ntinda- 12| .1600(.05862|.01692| .1228| .1972 .07 .25
stretcher
road
Total 72| .5239|.34098]|.04018| .4438| .6040 .07 1.25
sodium Kinawatak
39.833|5.7970|1.6734
a 12 36.1500|43.5166 30.00f 51.00
3 7 7
upstream
Kinawatak
a 45.833]9.8056|2.8306
12 39.6031|52.0636 31.00] 62.00
downstrea 3 9 6
m
Kinawatak
a stream 41.666(5.1404|1.4839
12 38.4006|44.9328 34.00[ 50.00
at kito 7 5 2
bridge
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Kyambogo

30.833|7.4934|2.1631
stream at| 12 26.0722(35.5944 19.00] 42.00
3 3 7
jinja road
Ntinda
stream at 36.666| 13.040(3.7645
12 28.3810(44.9524 17.00| 56.00
factory 7 73 3
road
Ntinda
stream at
27.166(4.4890(1.2958
Ntinda- 12 24.3145(30.0189 21.00[ 36.00
7 4 8
stretcher
road
Total 37.000] 10.167]1.1982
72 34.6107|39.3893 17.00| 62.00
0 61 6
Potassium Kinawatak
a 12| 1.3333(.49237|.14213| 1.0205| 1.6462 1.00[ 2.00
upstream
Kinawatak
a 2.1461
12( 2.3333 .61955| .9697| 3.6969 1.00[ 9.00
downstrea 7
m
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Kinawatak

a stream
12| 1.4167| .51493|.14865| 1.0895| 1.7438 1.00[ 2.00
at kito
bridge
Kyambogo
3.3934
stream at] 12| 3.6667 .97959| 1.5106| 5.8227 1.00[ 9.00
0
jinja road
Ntinda
stream at 3.2321
12| 3.9167 .93305| 1.8630| 5.9703 1.00[ 9.00
factory 8
road
Ntinda
stream at
3.3698
Ntinda- 12| 4.0833 .97280| 1.9422| 6.2245 1.00[ 9.00
8
stretcher
road
Total 2.7007
72| 2.7917 .31829| 2.1570| 3.4263 1.00[ 9.00
4
Floride Kinawatak
a 12( .0000(.00000{.00000| .0000| .0000 .00 .00
upstream
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Kinawatak
a
downstrea

m

Kinawatak
a stream
at kito
bridge

Kyambogo
stream at
jinja road
Ntinda

stream at
factory

road

Ntinda
stream at
Ntinda-
stretcher

road

Total

12

12

12

12

12

72

.0000

.0000

.0000

.0000

.0000

.0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
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Chloride Kinawatak
a

upstream

Kinawatak
a
downstrea

m

Kinawatak
a stream
at kito
bridge

Kyambogo
stream at
jinja road
Ntinda

stream at
factory

road

12

12

12

12

12

35.000

44.000

40.000

29.166

31.166

5.1698

7.0194

4.2426

3.9273

3.0401

1.4924

2.0263

1.2247

1.1337

.87761
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31.7152

39.5401

37.3044

26.6713

29.2351

38.2848

48.4599

42.6956

31.6620

33.0983

28.00

34.00

34.00

23.00

26.00

45.00

56.00

47.00

37.00

37.00




Ntinda

stream at
30.333| 3.0846
Ntinda- 12 .89047128.3734|32.2932 25.00( 35.00
3 6
stretcher
road
Total 34.944|7.0489
72 .83072|33.2880|36.6009 23.00[ 56.00
4 0
Sulphates Kinawatak
a 12( 9.7250( .37203|.10740| 9.4886| 9.9614 8.90| 10.00
upstream
Kinawatak
a
12| 8.2167(.91536|.26424| 7.6351| 8.7983 6.80] 9.50
downstrea
m
Kinawatak
a stream
12| 8.7500( .46613|.13456| 8.4538| 9.0462 7.90f 9.50
at kito
bridge
Kyambogo
11.850(2.5632
stream at| 12 .73993(10.2214(13.4786 9.10| 16.00
0 0
jinja road
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Ntinda

stream at 14.833(1.7494
12 .50503113.7218|15.9449 13.00] 18.00
factory 3 6
road
Ntinda
stream at
14.833(2.5878
Ntinda- 12 .74705]13.1891|16.4776 11.00] 19.00
3 5
stretcher
road
Total 11.368|3.1790
72 .37465|10.6210]12.1151 6.80| 19.00
1 2
Nitrite Kinawatak
a 12| .0167(.03892|.01124| -.0081| .0414 .00 .10
upstream
Kinawatak
a
12( .0000(.00000{.00000| .0000| .0000 .00 .00
downstrea
m
Kinawatak
a stream 8.1501(2.3527
12| 7.6667 2.4883(12.8450 .00[ 18.00
at kito 1 3
bridge
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Kyambogo

stream at] 12| .0000|.00000|{.00000{ .0000| .0000 .00 .00]
jinja road
Ntinda
stream at
12( .0000(.00000{.00000; .0000| .0000 .00 .00]
factory
road
Ntinda
stream at
2.9083
Ntinda- 12( 2.7000 .83955| .8522| 4.5478 .00[ 6.40]
0
stretcher
road
Total 4.4419
72| 1.7306 .52349| .6867| 2.7744 .00[ 18.00]
8
Nitrate Kinawatak
a 12| 8.0667| .60653|.17509| 7.6813| 8.4520 6.90 8.90]
upstream
Kinawatak
a 11.491( 3.8688(1.1168
12 9.0335(13.9498 7.401 17.00]
downstrea 7 6 4
m
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Kinawatak

a stream 3.9338|1.1356
12(9.2083 6.7089(11.7078 5.10] 15.00
at kito 8 1
bridge
Kyambogo
2.2094
stream at] 12| 2.5833 .63780| 1.1795| 3.9871 .30  5.20
2
jinja road
Ntinda
stream at 1.9448
12| 6.1667 .56143]| 4.9310| 7.4024 4.10| 8.80
factory 5
road
Ntinda
stream at
1.4009
Ntinda- 12| 6.5500 .40443| 5.6599| 7.4401 5.000 9.30
7
stretcher
road
Total 3.7649
72| 7.3444 .44370| 6.4597| 8.2292 .30 17.00
2
Ammoniu Kinawatak
m a 12| .2167|.11934|.03445| .1408| .2925 .00 .40
upstream

135




Kinawatak
a
downstrea

m

Kinawatak
a stream
at kito
bridge
Kyambogo
stream at

jinja road

12

12

12

1417

.0917

2.8917

.11645

.07930

2.9907

.03362

.02289

.86335

.0677

.0413

.9914

.2157

.1420

4.7919

.00

.00

.00

.30

.20

6.60

Ntinda
stream at
factory

road

Ntinda
stream at
Ntinda-
stretcher

road

Total

12

12

72

.0833

.1833

.6014

.08348

.14668

1.5689

.02410

.04234

.18490

.0303

.0901

.2327

.1364

.2765

.9701

.00

.00

.00

.20

.40

6.60
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Phosphat Kinawatak

e

a

upstream

Kinawatak
a
downstrea

m

Kinawatak
a stream
at kito
bridge

Kyambogo
stream at
jinja road
Ntinda

stream at
factory

road

12

12

12

12

12

.5833

.2000

.2333

.1833

.3500

.07177

.07385

.04924

.05774

11677

.02072

.02132

.01421

.01667

.03371

137

.5377

.1531

.2020

.1467

.2758

.6289

.2469

.2646

.2200

4242

.50

.10

.20

.10

.20

.70

.30

.30

.30

.50




Ntinda

stream at

Ntinda-

stretcher

road

Total

12

72

J417

.3819

.20652

.23696

.05962

.02793

.6104

.3263

.8729

4376

.50

.10

1.00

1.00

Manganes

e

Kinawatak
a

upstream

Kinawatak
a
downstrea

m

Kinawatak
a stream
at kito
bridge
Kyambogo
stream at

jinja road

12

12

12

12

.0000

.0000

.0000

.0000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000
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.0000

.0000

.0000

.0000

.0000

.0000

.0000

.0000

.00

.00

.00

.00

.00

.00

.00

.00




Ntinda

stream at
12( .0000(.00000{.00000; .0000| .0000 .00 .00]
factory
road
Ntinda
stream at
Ntinda- 12( .0000(.00000(.00000| .0000| .0000 .00 .00|
stretcher
road
Total 72| .0000|.00000]/.00000{ .0000| .0000 .00 .00|
BOD Kinawatak
46.666|5.6138|1.6205
a 12 43.0998/50.2335 38.00( 55.00]
7 4 7
upstream
Kinawatak
a 34.166|4.9144|1.4186
12 31.0442|37.2891 26.00( 41.00]
downstrea 7 2 7
m
Kinawatak
a stream 30.000] 3.8612(1.1146
12 27.5467(32.4533 23.00( 37.00]
at kito 0 3 4
bridge
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Kyambogo
45.833|12.021|3.4702
stream at| 12 38.1953|53.4714 25.00( 63.00
3 45 9
jinja road
Ntinda
stream at 66.333|7.8083]2.2540
12 61.3722(71.2945 53.00] 78.00
factory 3 1 6
road
Ntinda
stream at
59.500| 7.6693|2.2139
Ntinda- 12 54.6272|64.3728 48.00| 72.00
0 0 4
stretcher
road
Total 47.083|14.777|1.7416
72 43.6107|50.5560 23.00( 78.00
3 93 0
CcoD Kinawatak
80.833|6.0126(|1.7356
a 12 77.0131(84.6536 70.00{ 92.00
3 1 9
upstream
Kinawatak
a 61.500| 8.5864(2.4787
12 56.0444|66.9556 49.00| 75.00
downstrea 0 6 0
m
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Kinawatak

a stream 40.666(6.6923|1.9319
12 36.4145|44.9188 29.00( 52.00
at kito 7 7 2
bridge
Kyambogo
1.3000(9.2932(2.6827(124.095(135.904
stream at| 12 115.00( 145.00
E2 0 2 4 6
jinja road
Ntinda
stream at 1.5800(10.912(3.1502(151.066(164.933
12 140.00] 173.00
factory E2 88 8 3 7
road
Ntinda
stream at
1.2283(9.9163(2.8625(116.532(129.133
Ntinda- 12 105.00] 140.00
E2 2 9 8 9
stretcher
road
Total 98.972(42.265(4.9810 108.904
72 89.0403 29.00( 173.00
2 42 3 1
Si02 Kinawatak
30.500| 1.8829
a 12 .54356|29.3036|31.6964 27.00( 33.00
0 4
upstream
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Kinawatak

a 32.666|5.1404|1.4839
12 29.4006(35.9328 25.00( 41.00
downstrea 7 5 2
m
Kinawatak
a stream 30.666|4.4991(1.2988
12 27.8080(33.5253 24.00( 38.00
at kito 7 6 0
bridge
Kyambogo
30.500| 2.6798
stream at| 12 .77362|28.7973132.2027 26.00( 34.00
0 9
jinja road
Ntinda
stream at 30.500]2.2360
12 .64550(29.0793131.9207 28.00( 35.00
factory 0 7
road
Ntinda
stream at
30.666| 3.2844
Ntinda- 12 .94815|28.5798|32.7535 24.00( 35.00
7 9
stretcher
road
Total 30.916| 3.4590
72 .40765|30.1038|31.7295 24.00( 41.00
7 2
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Appendix 2: Summary of ANOVA results for water quality parameters

Sum of Mean
Squares df Square F Sig.
potential Between
3.958 5 7921 1.415 .230
Hydrogen Groups
Within Groups 36.917 66 .559
Total 40.875 71
Electrical Between
3429.778 5 685.956| 119.349 .000
conductivity Groups
Within Groups 379.333 66 5.747
Total 3809.111 71
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Total.Alkalinity  Between
38152.944 5/ 7630.589| 216.176 .000
Groups
Within Groups 2329.667 66 35.298
Total 40482.611 71
Total.Hardness  Between
12365.833 5/ 2473.167| 13.378 .000
Groups
Within Groups 12201.667 66 184.874
Total 24567.500 71
Calcium Hardness Between
3246.569 5 649.314( 2.302 .055
Groups
Within Groups 18618.083 66 282.092
Total 21864.653 71
Total.lron Between
7.081 5 1.416| 79.594 .000
Groups
Within Groups 1.174 66 .018
Total 8.255 71
sodium Between
2912.000 5 582.400| 8.681 .000
Groups
Within Groups 4428.000 66 67.091
Total 7340.000 71
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Potassium Between
95.125 5 19.025( 2.970 .018
Groups
Within Groups 422.750 66 6.405
Total 517.875 71
Floride Between
.000 5 .000
Groups
Within Groups .000 66 .000
Total .000 71
Chloride Between
2117.778 5 423.556| 19.826 .000]
Groups
Within Groups 1410.000 66 21.364
Total 3527.778 71
Sulphates Between
524.804 5 104.961| 35.943 .000
Groups
Within Groups 192.732 66 2.920
Total 717.537 71
Nitrite Between
577.189 5 115.438| 9.249 .000
Groups
Within Groups 823.723 66 12.481
Total 1400.913 71
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Nitrate Between
550.579 5 110.116| 15.944 .000
Groups
Within Groups 455.818 66 6.906
Total 1006.398 71
Ammonium Between
75.692 5 15.138| 10.084 .000
Groups
Within Groups 99.077 66 1.501
Total 174.770 71
Phosphate Between
3.187 5 .637| 52.646 .000
Groups
Within Groups .799 66 .012
Total 3.987 71
Manganese Between
.000 5 .000
Groups
Within Groups .000 66 .000
Total .000 71
BOD Between
11821.833 5/ 2364.367| 42.362 .000
Groups
Within Groups 3683.667 66 55.813
Total 15505.500 71
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COD Between
121788.944 5| 24357.789| 318.781 .000
Groups
Within Groups 5043.000 66 76.409
Total 126831.944 71
Si02 Between
44.500 5 8.900 .730 .604
Groups
Within Groups 805.000 66 12.197
Total 849.500 71
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