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6 ABSTRACT

This study determined pollution level of Petroleum Hydrocarbons (PHCs) in Mwanza Region Marine Ports. The objectives of the study were three folds: to assess the pollution level of Total Petroleum Hydrocarbon (TPH) by Liquid-Liquid Partition gravimetric technique on Mwanza Region marine ports; to measure amount of Dissolved oxygen (DO) in water and Biochemical Oxygen Demand (BOD5) in marine ports by Titrimetric method; and to analyse the effect of pollution level of Petroleum Hydrocarbons on dissolved oxygen in water. The study was longitudinal in nature and the data were collected in July 2020. Laboratory and computer analysis were employed to prepare and analyse 104 samples of water from Mwanza south and north ports. Results indicated that, all eight sampling sites recorded high TPH concentration above the acceptable standard limit (0.3 mg/L) EPA, 2009. The Biochemical Oxygen Demand (BOD5) and Total Petroleum Hydrocarbon (TPH) have significant relationship with DO and they contribute 47.9% of the DO variation. Furthermore, TPH was found to be a significant negative predictor (p<.000) of DO. BOD5 was also a significant predictor (p<.000) of DO showing that, one-unit increase in attribute (BOD5) to 0.6 units decrease in DO. It is recommended that, community participation workshops should be carried out about marine ports health to address catchment conservation zones against pollution. The goal is to reduce inputs of sediments, oil spills and other pollutants so as to address their consequences for Lake Victoria's ecosystem, human and other end user’s health. The study also recommends measuring the concentration of heavy metals in the water as well as the sediments to ascertain more the health conditions of the Lake Victoria. This study informs general public and policy makers in environmental measures to be taken to conserve marine environments. 
Keywords: Pollution, Petroleum Hydrocarbons, and Marine Ports 
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10 CHAPTER ONE

11 INTRODUCTION
12 1.1
Background to the Study

Recently, the marine environment has turned out to be the major disposal ground for an accumulative quantity of petroleum wastes especially hydrocarbons (Godfrey et al., 2019). Escalating demands for petroleum products and the inefficient economic strategies to recycle waste disposal has increased the rate of disposing petroleum hydrocarbons in watery environment particularly along lake shores (Glaser et al., 2019). Petroleum hydrocarbons are prominent among organic contaminants, which are frequently disposed into the marine environment in form of automobiles wastes, storm water, industrial effluents, and domestic wastes (Adeniji et al., 2017).
Petroleum deliverables are considered as the major sources of energy for industries and societies globally. Transportation of petroleum derived products around the world marks the disposal and spills of oil in marine environment (Paniagua-Michel & Rosales, 2015). 
According to Paniagua-Michel et al. (2015) petroleum hydrocarbons contamination has resulted to extensive damage in marine environment at large including ocean and seas, and has become a constant threat to planet health. Petroleum hydrocarbons also have been noted as one of the biological problems affecting aquatic organisms that emerge in connection to ocean and sea pollution (Kurylenko & Izosimova, 2016). Research shows concentration of 0.001 mg/dm3 of oil and petroleum products accelerates the death of zooplanktons (small species of animals found in fresh and marine waters), their mortality rate increases from 2 to 56 times (Kurylenko & Izosimova, 2016).
Globally, several scholars have evidently Proven that petroleum hydrocarbons as a significant contributor of marine pollution. For example, Al-Saad and Hantoush (2016) revealed high concentrations of petroleum hydrocarbons in the sediments of Yemen red sea coast was influenced by anthropogenic activities such as fossil fuels burning. Similarly, Al Saad et al. (2017) found high concentration of Total Petroleum Hydrocarbons (TPH) in six commercial fish species and water samples. 
The amount of measurable TPH found in fish were due to food and water sources, environmental factors, lipid content, and habitat type. However, the amount of TPH in the species was not as high as expected in the gulf so there was likely no significant health risk among the surrounding population. Nozar et al. (2015) also measured amount TPH in Northern Persian Gulf. Their findings revealed TPH was a significant indicator of oil pollution as edible marine biota species such as anchovy and silver pomfret had high content of TPH. 
However, the concentration of TPH was not very high to the extent of causing reasonable health effects. The same scenario was observed by Zhou et al. (2014) who found TPH concentration among sampling site in Bohai bay, China was above 10 mg/L indicating potential biological risk. The situation was likely to be influenced by anthropogenic activities including wastewater discharge, oil spills, atmospheric deposition, and marine transportation. Adeniji et al. (2017) revealed both biogenic and anthropogenic activities attributed to TPH level in marine environment despite the slight level of pollution.
In Niger, TPH pollution has raised serious environmental issues in the region, despite the financial benefits accruing from hydrocarbon exports. The pollution has significantly affected the resident’s environment and health. Oil spill, gas flaring, and pipeline fires are prominent among the hydrocarbon-induced emissions. Over 10,000 instances of oil spills and pipeline explosions have been reported and over 350 billion cubic meters of gas have been flared in the area over the last 14 years. In addition to environmental degradation and poor air quality these have caused significant human and material losses (Anejionu et al., 2015).
The environmental concern for petroleum hydrocarbon pollution in Tanzania is rapidly becoming a core issue. Yet rising coastal communities and new industrial activities are increasingly affecting the quality of the water. The coastal waters that border towns such as Dar es Salaam, Tanga, Zanzibar and Mtwara are confirmed to have been heavily polluted (Machiwa, 2010; Mjemah et al., 2010; Kidibule et al., 2014). In addition, activities such as agriculture, industry and mineral mining contributed to coastal water quality degradation. TPH pollution has also been noticed to be a growing concern in Lake Victoria, the largest lake in the country.
Lake Victoria is the second fresh water BOD5 in the world; also it is the world largest fresh water fishery. The Lake serves over 40 million inhabitants covering surface area of approximately 68,000 km2 that is shared between Kenya (6%), Uganda (45%), and Tanzania (49%) (Kundu et al., 2017). Recently, the lake has been reported with substantial level of pollution to the extent of collapsing fish stock as the result of lower oxygen dissolved concentration and higher turbidity (Kerebba et al., 2017). Several indicators have been associated with Lake Victoria pollution including anthropogenic activities such as municipal and industrial discharges, wetland reclamations, fertilizer run-off from farms, and sediments from rivers (Otieno, 2016). However, despite petroleum hydrocarbons being one of the significant marine pollutants around the world, no or little attention has been paid for detail investigation in Lake Victoria particularly in Mwanza region gulf.
13 1.2

Problem Statement

Petroleum hydrocarbons have become the major environmental pollutant especially in marine ports. The contribution of petroleum hydrocarbons as one of the significant marine pollutant has been steered by marine operations, atmospheric fallout, and natural inputs such as oil seeps (Al Saad et al., 2017). Adeniji et al. (2017) pointed out the total input of petroleum in wetlands through man’s activities such as marine oil transportation is estimated at 2.37 x 106 t y-1. Petroleum hydrocarbons have been manifested to cause severe biological effects to marine species in respect to response level of organisms (Kurylenko & Izosimova, 2016). According to Kurylenko and Izosimova (2016), several indices ascertains the effects of petroleum hydrocarbons in marine organism including; impairment of metabolic pathways, reduction in growth and reproduction, and increased incidence of diseases.
Lake Victoria is one of the significant victims of petroleum hydrocarbon pollution in the world. According to Du and Jing (2018), the lake has reported to increase concentration of TPH from 17.0ng g-1 to 80.2ng g-1 in 2014 and 2018 respectively. This steady increase of pollutants in the lake alerts the survival possibility of the marine organisms. Several strategies including, Lake Victoria Environmental Management Project planning phase (LVEMP) and Lake Victoria Catchment Environmental Education Programme (LVCEEP) have been executed to save Lake Victoria from this ongoing scenario. 
For instance, in 2016, African Development Bank approved US$25 million for conducting a project aiming at making the lake safe for transportation and fisheries (AFDB Annual Report, 2016; Glaser et al., 2019). However, the success of these initiative programs is still questionable due to the increased rate of TPH concentration. Besides, little or no recent literature has been conducted to investigate level of TPH and their possible effects in the Lake Victoria.
The present study therefore determines whether there is presence of Petroleum Hydrocarbon which prevents oxygen transfer from the atmosphere and leads to low dissolved oxygen levels in the water due to microbial oxidative attack on hydrocarbon molecules. If present in excess it may interfere with aerobic and anaerobic biological process among marine organisms thus alter their chances of survival and reproduction in the environment (APHA Report, 2012).
14 1.3

Objectives of the Study

15 1.3.1 
General Objective

To asses pollution level of Total Petroleum Hydrocarbons (TPH) pollution from Marine Ports in Mwanza Region, Tanzania.

16 1.3.2
Specific Objectives

(i) To determine the concentration level of Total Petroleum Hydrocarbons (TPH) on Mwanza Region marine ports.

(ii) To measure amount of Dissolved Oxygen (DO) in water and Biochemical Oxygen Demand (BOD5) in marine ports.

(iii) To analyse the effect of pollution level of Total Petroleum Hydrocarbon (TPH) on dissolved oxygen in water.

17 1.4

Hypotheses

Ho: There is high level of TPH on Mwanza Region marine ports

Ha: There are no petroleum hydrocarbons on Mwanza Region marine ports

Ho: Level of TPH and (BOD5) concentration affect DO in Lake Victoria marine ports

Ha: Level of TPH and (BOD5) concentration does not affect DO in Lake Victoria marine ports

18 1.5

Significance of the Study

The significance of this study is developed based on the notion that, it postulates the effects and underlying factors that contributes to hydrocarbons pollution in marine ports. This study informs general public as well as policy makers in environmental matters. Thus, a researcher disaggregates significance in reference to other researchers, community, and stakeholders. 
To other Researchers: This study adds value on critical areas to the study of petroleum hydrocarbons pollution in marine environment. Therefore, the study may help other researchers uncover detailed findings on critical issues related to TPH pollution for future reference in relevant studies. 
To the Community: Findings of this study highlights the level of pollution that has been brought forth by petroleum hydrocarbons from marine ports, oil spills, and local garages. Also, the study highlights key strategies that can be applied to anticipate such pollution. On the other hand, the study expedites community to understand their position in terms of conservation, appropriate ways for oil effluents. 
To other Stakeholders: This study details the explicit and implicit outcomes of disposing petroleum hydrocarbons effluents in Lake Victoria. Therefore, it assists Government Policy makers and other stakeholders to take appropriate measure for reducing and preventing petroleum hydrocarbons pollution from marine ports in Lake Victoria.  
19 1.6

Limitations of the Study

Several shortcomings were raised during this study, which was sample size due to time limitation and financial support to cover lager area of the lake. Current results are therefore too fresh to reflect longitudinal scenario of TPH pollution as the matter of comparing with previous peer studies conducted in the lake. There was limited access of data in the Lake since the water samples were only collected from eight sample points. Due to higher water depth and strong waves, some sample points require sophisticated water transport to survey for data collection.
20 1.7

Delimitations of the Study

Delimitations of this study can be traced through research objectives, questions, variables and the study population.  The objectives of this research exclusively focus on total petroleum hydrocarbons concentration in Lake Victoria marine ports. The research objectives and questions aimed specifically at determining pollution level of TPH as regards to DO and (BOD5) concentration. Population of the study covered Lake Victoria Mwanza marine ports, which are alleged primary source of TPH pollution in the Lake. Further, the study was delimited on three principal variables; level of TPH, (BOD5) concentration, and DO concentration.

21 1.8

Conceptual Framework

The relationship between independent variables and dependent variable as depicted on conceptual framework is informed from level of pollutions escalated by marine operations. Figure 2.1 portrays that, oil transportation, oil spills, and crude oil ship tanker washing operations predicts concentration of Total Petroleum Hydrocarbons (TPHs) in marine environments. 
On the other hand, the framework adheres the level of oxygen dissolved (DO) in water, which is likely to be affected by the concentration of the total petroleum hydrocarbons. Linear regression was used to determine the strength and direction of significant relationship between the independent, intervening and the dependent variables. The conceptual framework also depicts intervening variables. Intervening variables usually controls the relationship between dependent and independent variables. 
In this case, intervening variables involved factors, which controls and catalyse the reduction level of petroleum hydrocarbons in marine ports. These include education campaigns, policy, by-laws, seminars, and workshops. Consideration of these variables is essential in raising community awareness and knowledge regarding marine ports conservation and effects of TPH pollution. The outcome of the conceptual framework variables are to have Clean and Safe Environments, Marine water, Biodiversity, and the End users of marine resources in a sustainable development. 

                                                       Outcome
Figure 1.1: Conceptual Framework 
Source: Researcher, (2020)
22 CHAPTER TWO

23 LITERATURE REVIEW

24 2.1

Definitions of the Key Concepts
25 2.1.1
TPH

Petroleum Hydrocarbons refers to the name given to a very broad range of chemicals that comprise oil and products refined from oil, such as gasoline and diesel. This mixture of chemicals can also be described by common chemical characteristics such as boiling point ranges or size of the molecules. These are complex substances that are made of carbon and hydrogen elements, at times; they comprise other molecules such as sulphur, nitrogen, and oxygen (Otieno, 2016). 
26 2.1.2
Origin of Petroleum Hydrocarbons

According to Aminzadeh and Dasgupta (2013), petroleum Hydrocarbons comes in many varieties and forms, from oil products that are used in vehicles and other internal combustion engines to gas used in the cooking and heating processes. They are available in form of light oils, heavy oils, wet gas and dry gas. But what is shared between them is an organic matter, plants and small animals which once lived and created the so-called "source rock". 
Source rocks are rich in certain types of organic matter and are the rocks, which generate hydrocarbons. Upon burial, the chemical changes turn plant and animal tissue into complex molecules that ultimately create oil or natural gas, caused over millions of years by heat and water pressure, accumulated underneath the earth's surface.

The most common, widely disseminated pollutants in the environment are petroleum hydrocarbons that arise from petroleum products, such as oil, gasoline and diesel fuel. The lightest fraction of petroleum hydrocarbons are volatile hydrocarbons and are often extracted from crude petroglyphs and crude oil products in combination with fuel oxygenates. The demand for crude oil is driven by the growing demand for energy worldwide. Petroleum Hydrocarbons are produced during manufacture, transport, refining, stockpiling, application and disposal of these hydrocarbons in the environment. Carbon products are unintentionally and intentionally released in the atmosphere at all phases of the discovery, processing, transport, storage, use and disposal of petroleum products (Fetter, 1993; Varjani, 2017).
Concentrated releases of environmental compounds are generally associated with substance misuse and storage and transportation incidents. For instance, fuel leaks from a tank release compounds to the surface of air, water and soils. The rapid dispersal of huge amounts of product can result from the spill of oil tankers at sea. The two more concentrated releases are called point sources. In the event of tanker discharge, however, the point release may create a serious regional issue, such as the Exxon Valdez shore in Alaska, which discharged oil that extends 750 km from the initial spill and has affected 1,750 km of shoreline (Lindeberg et al., 2018).
27 2.1.3
Marine Pollution

Marine pollution can be defined as the introduction of harmful contaminants that are outside the norm of marine environment. Common man-made pollutants that reach the ocean include pesticides, herbicides, chemical fertilizers, detergents, oil, sewage, plastics, and other solids. Many of these pollutants collect at the lake, sea or ocean's depths, where they are consumed by small marine organisms and introduced into the global food chain (Otieno, 2016).
28 2.1.4
Lake Victoria Water Pollution

Lake Victoria over the past 30 years has greatly increased the nutrient levels of nitrogen and phosphorus in its surface, which trigger massive growth of exotic water hyacinth in the late 1990’s (Luilo, 2008). Pollution of Lake Victoria is mainly due to discharge of raw sewage into the lake, dumping of domestic and industrial waste, and fertilizer and chemicals from farms. The Lake’s shores particular in Mwanza region has been surrounded by several marine ports including Mwanza South and North (Arinaitwe, 2015).
According to Kundu et al. (2017), the causes of rising pollution levels in the Lake are as many as they are diverse and each of the three East African nations is culpable. The Lake has for a long time been a sink to excessive nutrients and untreated effluent that have led to fish die-offs, algal blooms and the spread of hyacinth, a ferocious waterweed. Although mostly eradicated now, the remnants of hyacinth on Lake Victoria deplete dissolved oxygen, sunlight and are an obstacle to water transport. 
Along the shoreline, hyacinth provides habitat for malaria borne mosquitoes and snails, which harbour bilharzia parasites. Not to be left out, Tanzania’s town of Mwanza located near Lake Victoria discharges large quantities of untreated waste into the lake. Waste from fish processing factories, oil processing plants, textile facilities and tanneries are discharged into the lake without pre-treatment. Nutrient input appears to originate mainly from atmospheric deposition and land runoff, together accounting for approximately 90% of phosphorous and 94% of nitrogen input into the lake. The increase in eutrophication is most probably due to an increase in nutrient input from these sources, as a result of increased human activities in the lake surroundings, such as land exploitation for agriculture and forest burning (Scheren, 2000).
Mwanza Gulf is one of the largest gulfs at the southern end of Lake Victoria. The gulf extends 60 km southward with an average width of 5 km and a surface area of approximately 500 km2 (Van Densen & Witte, 1995; LVEMP, 1999).
29 2.2

Theoretical Literature

30 2.2.1
The Game Theory
This theory describes a systematic study of rational human strategic interactions. Game theory is a mathematical philosophy that deals with the wording of the right strategy to enable the individual or organization to successfully meet the challenge in the face of a complex challenge (Szep & Forgo, 2012). It was built on the premise that there was a strategy that would allow one player to 'win' in any situation or for any 'game.' Any company can be seen as a competitive game or even as a consumer game. Scholars have used this as an instrument for analysing the behaviour of various actors in different field including decision making in solving environmental pollution, oil spills in particular (McKinsey, 2003). 
The game theory can also be defined as the analysis of the ultimate outcome of a competitive situation, based on the goals and desires of certain players, and the strategy that each player uses, by communicating with the individuals involved in the game (also known as 'players' or 'agents'). A strategy is essentially a predetermined 'play way' for the agent to decide what steps to take when other players (i.e. gaming players) react to previous and planned actions (Forgo et al., 1999). 
This theory was adopted in the present study in order to conceptualize how various agents play role in attributing to TPH pollution in marines, besides, the theory conceptualize how these agents as in a form of game can construct strategy to get rid of the pollution.
31 2.2.2
Environmental Sustainability Theory
Environmental sustainability theory represents the so-called "triple bottom line" for sustainable development since the start of the 1980s and is one of three distinct sustainability structures over and above the social and economic dimension (Dobson, 1998). The 3 Dimension is focussed on Environmental Conservation, protection and for Sustainable Development. In this scenario, social dimension, any negative effect from industrial practices needs to be minimized. The economic factor relates to market productivity, the balance of capital for profitable goods and the provision of services to employees (Basiago, 1998). The focus of this study is on the environmental dimension to the conservation and protection of natural resources for years to come. In general, it has been possible to encourage sustainable development with the balance of these three dimensions, with a clear connection with corporate social responsibility, which needs every organization adopting ethical conduct and fostering economic development by improving the quality of life for all workers, families and society in general (Orlitzk et al., 2011).
Walker (2016) insists that, in marine environment, port authorities are important players in the port sector, so they need to take steps to protect the main regulator inside seaports through mitigating and avoiding the negative external effects of port facilities, the atmosphere, the global climate, local communities and society as whole. However, environmental sustainability and green management practices must be continuously and actively promoted and implemented. Overall, port stakeholders must address, encourage, support, develop and implement environmental sustainability strategies and policies. There is therefore a need for effective and efficient management instruments to evaluate, track, calculate and track the overall activities and processes of the port, to inform, training and assist all stakeholders in promoting sustainable behaviours and in ensuring that all current social and environmental regulations are complied with (Basurko & Mesbahi, 2014).
32 2.2.3 
The Polluter-Pays Principle

In 1972 the Polluter-Pay Principle (PPP) was introduced by Organization for Economic Co-operation and Development (OECD) in order to assign the cost of pollution control as an economical principle (Ingwani et al., 2010). The PPP, in compliance with the 1972 and 1974 OECD recommendations indicate that, a polluter has to bear "the costs of prevention and regulation of pollution, which are the steps agreed by state authorities in maintaining an appropriate state for the atmosphere." 
This ensures that the polluter is responsible for costs of steps legally needed for protecting the environment, such as pollution reductions at the source of contaminants and pollution mitigation measures through mutual effluent treatment of pollutant facilities, and by other pollution sources (Bugge, 2009). A polluter must in general bear all the costs involved in preventing and handling pollution. Support for pollution control has actually been widely used even if such support from a macroeconomic point of view is extremely limited. The European Community initially approved assistance of up to 45% of the expenditure on pollution reduction, but has now become very modest. More broadly, assistance is increasing in cases where there are new and important efforts worldwide, e.g. to protect the ozone layer (Zhu & Zhao, 2015).
33 2.2.4 
A Concept of a Sustainable Maritime Transportation System

The maritime transport system should ensure that, goods transport worldwide is, secure, safe, effective and reliable, with a view to achieving the best possible quality and reliable service while reducing pollution, improving energy efficiency and guaranteeing the conservation of resources. The difficulty of interaction between maritime actors to achieve this when addressing particular steps, the transport system should be understood and taken into account (Sekimizu, 2012). The following paragraphs briefly highlight main elements of a Sustainable Marine Transportation System.
According to International Maritime Organisation (IMO, 2017), a Sustainable Maritime Transportation System needs a well-organized administrative authority, which cooperate internationally and promote compliance with international standards, supported by institutions with appropriate technical expertise, such as classification societies acting as recognised organisations. A sustainable maritime transport system needs organized assistance from coastal shipbuilding agencies such as navigation aid providers, oceanographic, hydrographic and meteorological services, rescuing services, incident and emergency services, port facilities, trade aid measures and freight-hair services to operate with the high efficiencies. The shipping industry faces an important challenge today on how to attract and maintain adequate skilled and qualified seafarers’ professionals in the maritime industry having the correct inspiration, experience, and ability to apply emerging technology and procedures professionally. With growing global trade and growing shipping activity, this challenge will increase.
For a sustainable maritime transport system, security is important, but it is far beyond its actors' control. The maritime industry has been at the forefront of emerging security threats from global terrorism and modern piracy along the coasts of the world, as well as conventional forms of armed robbery of port and anchor ships. Ships do not naturally defend themselves against such threats. The shipping sector therefore requires external assistance to meet its security needs, as from maritime patrols or intervention onshore. Yet it must also take its own proactive measures to counter safety risks at sea or harbour, and where both freight and crew are endangered (IMO, 2017).
A sustainable maritime transportation system must also be backed by a sound financial system to support its changing economic, social and environmental sustainability requirements. In order to ensure efficient, long-term allocation of capital to support all three pillars of sustainable growth, the financial sector should be adequately assessed as to the changing nature of the Maritime Transportation System (IMO, 2017).

In order to take up new technologies and new operational functional practices that enable it to continuously advance to achieve higher quality, environmental goals, and economic growth, a sustainable maritime transportation system must work actively with classification societies, universities and other research and development entities (IMO, 2017).
34 2.2

Empirical Literature from Relevant Studies
35 2.2.1
TPH in Marine Environments

Several studies have discussed the effects of heavy metal and hydrocarbons contamination in Lake Victoria and their effects in fish, sediment, and flora (Mohammed, 2000). Pollution of petroleum hydrocarbons in marine environment can be reviewed in the context of global, Africa, East Africa, and Tanzania.
Globally, the study was conducted in Romania by Ţiganuș et al. (2016) to determine level of petroleum hydrocarbons in sea water during offshore exploration activities. Ultra-violet fluorescence spectroscopy was deployed to quantify 154 water samples collected from 28 sample station at 3 different locations. Extraction was conducted using hexane/dichloromethane 7/3(v/v). Petroleum hydrocarbon concentration was measured using Fluorat -02-3M analyser at wavelength of 360 nm. 
Findings revealed petroleum hydrocarbons were presented in all samples and their concentrations were highly significant ranging from 28.8 to 271.3 (ug/L). However, Tiganus et al. (2016) did not determine the level of oxygen dissolved in water in order to check if there was chance of marine organisms’ survival.

Another study was conducted in China by Zhou et al. (2014) to determine total petroleum hydrocarbons and heavy metals in the surface sediments on Bay. The 4 mm sieve samples were collected from 15 sampling sites using VaanVeen bottom grab. 20gm of dried samples were extracted using dichloromethane and a TPH concentration was determined using ultra-violet fluorescence spectroscopy. Results revealed that sediment concentration of TPC (6.3–535 l g/g,), Zn (58–332 l g/g,), Cu (7.2–63 l g/g,), Pb (4.3–138 l g/g,), Cd (0–0.98 l g/g), and Hg (0.10–0.68 l g/g) were higher than 0.10 mg/L indicating that there was potential adverse biological risk at the Bay.
In Philippines, Saramun and Wattayakorn (2000) investigated petroleum hydrocarbons concentrations in seawater. 4 litres of water samples were collected from 31 sample stations and extracted three times using Nano-grade hexane. A concentration of petroleum hydrocarbons was measured using ultra-violet fluorescence spectroscopy at an emission wavelength of 360nm. Results showed concentrations ranged between 0.02 – 1.47 ug/l implying there were significant concentrations of petroleum hydrocarbons in seawater. 
In Africa context, the study was done in South Africa by Adeniji et al. (2017) to determine petroleum hydrocarbons fingerprints and sediment samples in Buffalo River. 21 water samples were collected from 5 sampling sites 100mm below the surface level. Sediments samples were collected from 4 sampling locations using Van Veen Grab sampler. Extraction of samples using dichloromethane and hexane were analysed using gas chromatography flame ionization detection. Results indicated serious impact of industrial growth and urbanization in water pollution since the total petroleum hydrocarbons was significantly high varying from 7.65 – 477 ug/L in water and 12.59 – 1100 mg/kg in sediments. 
Another peer study was done by Adeniji et al. (2017) to assess petroleum hydrocarbons profiles of water and sediments of Algoa bay. Sample was collected from five sampling sites and extracted using liquid-liquid and soxhlet extraction techniques. Analysis of the samples were analysed by gas chromatography-flame ionization detector (GC-FID). Results revealed the total petroleum hydrocarbons (TPH) varied from 45.07 to 307 ug/L in the water and 0.72 to 27.03 ug/L indicating slightly level of pollution.
In Tanzania, Gaspare et al. (2009) investigated contamination of aromatic hydrocarbons on the inter-tidal areas of Dar es Salaam. Surface sediments and oyster samples were analysed for 23 Polycyclic Aromatic Hydrocarbons (PAH) using gas chromatography. Results showed total concentration PAH varied from 78 to 25,000 ng/g in the sediments while oyster concentrations ranged from 170 to 650 ng/g dry weights. Furthermore, no correlation was observed between sediment and oyster concentration indicating low contamination of PAH.
36 2.3
 Environmental impacts of Marine Ports activities

Port operations can have an impact on air, water and soil environment. There are also variations in health outcomes in certain societies with environmental justice, which some researchers attribute in part to exposure to port pollution. Port authorities and other port operators are instrumental in reducing unreasonably high and adverse effects of port projects and activities on human health or the environment (Champ, 2003). 
Port activities can have a major impact on water quality and marine health. Shipping waste and other port activities may lead to habitat loss or damage, and may also be harmful to marine life. Ships frequently discharge sewage, waste water and bilge water, often polluted with oil. In port operations, air pollution is a major concern. Pollutants including particulate matter (PM), nitrogen oxides (NOx), sulfur oxide (SOx), volatile organic compounds (VOCs), and air-toxic substances are emitted by mobile sources at ports (Villalba & Gemechu, 2011).
The health outcome disparities are also a central issue for near-port populations in environmental justice. The characterization, evaluation and management of these differences in health outcomes are a problem for societies (Walker et al., 2019).
37 2.4
The Challenges of Dealing with Marine Ports Activities

In spite of the fact that emissions are often the main environmental issue, there are also many environmental problems at sea, such as accidents, oil spills and water pollution from marine waters. EMSA (2016) shows 3,296 number of accidents and involving number of 3,669 ships alone in one year. From these accidents 36 ships were lost and 115 numbers of deaths occur. Another critical problem that took decades to solve is ballast water. As a result of ballast water discharge, microorganisms across the globe can be transported in ballast water and devastated local species. Several annual cost ranges, including 14.2 billion dollars in the United States and 1.2 billion Euros in Europe have been calculated (David & Gollasch, 2015). At port level, noise, dust, waste and water contamination are environmental concerns (BergQvist and Monios, 2019). Furthermore, one of the major problems that policymakers currently face is how to handle the rise of Arctic transport (Fedi, 2019).
38 2.5
Strategies for Pollution Control in Marine Ports

In 1997, the International Maritime Organization introduced a global sulphur limit of 4.5 m / m and provisions calling for the establishment of a region of special sulphur oxides for pollution control. In Sulphur pollution control, Sulphur content of oil on board ship must not exceed 1.0% m/m or the exhaust gas cleaning system could be used to minimize the maximum emissions to 6.00 g sulphur oxides/KWh of total sulphur dioxide emissions from ships, including both auxiliary and main propulsion engines (Trozzi & Vaccaro, 2000).
In the last International Marine Organisation (IMO) Maritime Environment Committee on March 2000, the Baltic Sea was designated as a Sulphur Oxides Pollution Control Area in the Protocol and the North Sea. The air pollution from ships is regulated by sulphur oxides emissions. IMO approves the technical code for minimizing the emissions of nitrogen oxides in the same way. Reductions were expected to affect new diesel engines of more than 130 kW power outputs, which were mounted, built on or updated in ships after 1 January 2000 (Trozzi & Vaccaro, 2000).
In order to develop an instrument to regulate use of shipboard fuel control systems, particularly for the phased-out of organ tins, such as tributyltin (TBT), the International Marine Environment Protection Committee (MEPC) established an anti-fouling system. In November 1999, the IMO Assembly adopted the proposed instrument by hosting a diplomatic conference in 2001. The instrument ensured that organotin compounds which work in anti-fouling systems on vessels are banned globally by 1 January 2003 and that the existence of organotin compounds that are acting as biocides in anti-fouling systems on ships is banned fully by 1 January 2008 (Trozzi & Vaccaro, 2000).
39 2.6 
Sustainable Development in Marine Ports 

Marine ports form the core of national and regional economies with historical and commercial infrastructures and are main nodes for the logistics and transportation chains. Ports, however, are also pollution-related sites from land-based operations, ships and ports' ecological activities (Dinwoodie et al., 2012). Consequently, it is increasingly understood that economic development in ports must be matched with conservation of the environment and social change. The need for sustainable development in ports has been strengthened in this way. There is a small synthesis of sustainable port practice from various parts of the world, while much is written on harbour-related environmental practices in Europe and the USA. In addition, a detailed case study and critical consideration of sustainable port growth issues is minimal (Puig et al., 2014).
The strains on integrations into the global supply chain, the demands for increased port growth, the urgent need to protect natural resources and increasingly stringent international regulations require ports to not only announce their environmental protection intentions, but also to make creative and sustainable activities tangible (AIVP, 2008; MISL, 2009). The literature review has shown that, the idea of sustainability in the port industry is growing recognition, requiring it to learn new skills and new methods (e.g. Balbaa et al., 2009; Comtois & Slack, 2007; Darbra, et al., 2009; Oliver, 2007; Port Strategy, 2008; Sletmo, 2002). The situation in which the port is in a position to meet its needs without jeopardy of its own future is known as the port's sustainable development (Abbott, 2008).
As international transport is taking place on the world's oceans, the IMO is in charge of actions to enhance international safety and security. This study adheres to IMO work, which is integral to Sustainable Development Goal (SDG) number 14: safe shipping and marine pollution prevention. The goals of IMO may be summarized as “safe, secure and efficient shipping on clean oceans (IMO, 2017).”
40 2.7

Identified Research Gap
Literature has shown that, petroleum hydrocarbons contamination in marine environments has been geared by activities such as oil transportation, oil spills, and offshore operations (Saramun et al., 2000; Zhou et al., 2014; Tiganus et al., 2016). Pollution induced by PHC in marine ports has been stipulated by researchers as a threat to the life of aquatic organisms in terms of reproductive growth, tissues toxification, and biological processes. 
However, empirical studies in Tanzania, Lake Victoria in particular, did not discuss the level of TPH, no research has been done in this area also no any studies have been done to assess the level of oxygen dissolved in water which is a most prominentparameter affected by high concentration of petroleum hydrocarbons. Concentration of TPH above 1g/L (Saramun et al., 2000) prescribes the dissolution of oxygen in water. Insufficient absorption of oxygen in water leads to biological consequences to aquatic organisms in the ecosystem. Therefore, current study assesses the pollution level of Total Petroleum Hydrocarbons (TPHs) and their relationship to the level of oxygen dissolved in Mwanza marine ports to safeguard the biodiversity, the environment and the end users of the marine resources. 

41 CHAPTER THREE
42 RESEARCH MATERIALS AND METHODS
43 3.1

Study Area

The study was conducted in Mwanza city Marine ports. Mwanza city consist of two marine ports namely; Mwanza South and Mwanza North port. The selection of this area was chosen basing on the fact that most of the marine operations are conducted along ports. In addition, Mwanza ports are among major marine ports in Lake Victoria thus their findings were significant in obtaining a snapshot of PHC pollution in the lake.  Figure 3.1 portray sampling points in the survey area.
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Figure 3.1: Map of the Mwanza South Port showing Sampling Sites
Table 3.1: Sampling Sites Definitions with Geographical Grid References
	S/NO
	Sampling Sites
	Geographical Grid References

	1
	P1- Parking 1 of ships. Located at Cargo sites 
	36M 0488886UTM 9719961

	2
	P2-Parking 2 of ships at Operational area.
	36M 0488880UTM 9719867

	3
	P3-Inlet and Outlet sites for marine movements. 
	36M 0488747UTM 9719925

	4
	P4- Parking 3 of ships at Operational area
	36M 0488842UTM 9719990


44 3.2

Research Paradigms

Paradigm is an analysis of social phenomena that can contribute to a specific interpretation of these phenomena and seek for their clarification (Saunders et al., 2007). In this study the researcher used positivist paradigm which aligns itself with a particular view of the mechanisms and assumptions of natural sciences, supported by a belief that only what is grounded in the observable can count as a valid knowledge.
45 3.3

Research Design

Cross-sectional survey design was used to carry out this study. The design attempts to describe and explain conditions of the present situation using many subjects and questionnaires to fully describe a phenomenon (Kombo et al., 2006). The rationale for its selection is because it explores relationships to make predictions and also uses one set of subjects with two or more variables for each. It also attempts to gain a snapshot of information from different units within a short period of time through using questionnaires or structured interview.
46 3.4

Survey Population

The study was conducted in Mwanza city Marine ports. Mwanza city consist of two marine ports namely; Mwanza South and Mwanza North port. The selection of study area was essential because it influences the usefulness of information produced. The city of Mwanza is made up of two administrative districts; Nyamagana and Ilemela, with a total population of 706,453 (342,530 males and 363,923 females). The population of Nyamagana district is 363,452 (177,812 males and 185,640 females) while the district of Ilemela has a population of 343,001 (164,718 males and 178,283 females) National Census Report, (2012).

47 3.5

Sample Size

Sample size of the study was 104 water units. This comprises 52 units from Mwanza south and north ports respectively. The study chose four points of data collection from each selected port. These points were selected in regards to cargo sites and oil tanks location. There was a variation of data collection time trends in which a researcher collected 13 samples per week. Therefore, the data collection process took 8 weeks in total. 
48 3.6

Sampling Techniques

The sampling technique was Purposive and Systematic. The sample from points P1 to P4 was taken at the Surface of water so as to grip the amount of Total Petroleum Hydrocarbon, which forms layer at the surface of water. Sample for PHC was collected for oil and grease determination in the amber glass bottle (of 1 litre with a Teflon seal. The sample was acidified to level pH 2 with 1.0 ml H2SO4 and then refrigerated. In sampling sludge, every possible precaution was taken to obtain a representative sample. The sample was preserved with 1 mlconc. H2SO4/500 ml sample before getting refrigerated.
Sample for dissolved Oxygen was collected carefully in a 250-300-ml glass bottle while preventing it from air entrance. Sample temperature was recorded at site. Thereafter, 1ml of Manganese (MnSO4) solution and 1ml of Alkali-Iodide was added to glass bottle with volumetric pipette. The bottle was then stoppered to exclude air bubbles and mixed by inverting it upside down before being transported to the laboratory for analysis.

Sample for BOD5 analysis was also collected carefully using a 250-300-ml glass bottle while ensuring no air entrance. To minimize sample degradation, the sample was cooled until freezing point during storage. The frozen sample was warmed to 20+/- 3°C before analysis.
The plates 1, 2 and 3 in the appendix (ii) illustrate the Researcher doing sampling in the sampling points of Mwanza Marine Ports.

49 3.7

Data Quality and Validity Control
In the case of quality control, the following TPH concentrations were obtained before and after quality control samples added to TPH. 
Table 3.2: TPH Concentration before and after Addition of Quality Sample
	Date
	 Blank Sample TPH Mg/L
	QC Sample TPH Mg/L 

	8/4/2020
	0
	103

	8/6/2020
	5
	102

	8/11/2020
	4
	97

	8/13/2020
	2
	104

	8/18/2020
	5
	100

	8/20/2020
	4
	98

	8/25/2020
	4
	103

	8/27/2020
	3
	101

	9/1/2020
	4
	99

	9/3/2020
	0
	101

	9/8/2020
	1
	100

	9/10/2020
	1
	99

	9/15/2020
	0
	98


50 3.8

Unit of Analysis

Unit of analysis is the major entity that researcher is analysing in a given study. In scientific research, typical units of analysis include individuals of most common groups, social organizations and social artefacts (Niels, 2007; Benson et al, 2014). In this particular study, the unit of analysis was water samples from Lake Victoria. 
51 3.9

Sample Analysis

52 3.9.1
Determination of Total Petroleum Hydrocarbon  (TPH)
For the determination of TPH content, Liquid – Liquid Partition Gravimetric technique was used. The process is predominantly for the extraction of solvent dissolved or emulsified oil and fat from water. Many extractable, especially unsaturated fatty acids and saturated fatty acids easily oxidize; therefore, particular care was taken to minimize this effect in respect of temperature and the vapor displacement of the solvent. The described method is appropriate for bio-lipids and mineral hydrocarbons. The extracted oil and grease were dissolved back into 100 ml n-hexane after calculating total oil and grease. Thereafter, the total weight of oil and grease was added to 100 ml of Solvent 3.0 gm silica gel/100 mg. Also, the solution was filtered by filter paper pre-humidified with solvent and washed using silica gel, 10 mL solvent filter and combined with filtrate by using a gravimetric analysis.
Thereafter, water samples were poured in 500 mL and bottle weighed. The bottle was shaken vigorously and poured into 500 mL separator funnel. The sample bottle was reweighted to determine the volume of the sample used. 25 mL of n-Hexane was then added to separator funnel. The separator funnel was shaken vigorously for 2 minutes until layers’ separation. Top layer was organic while a lower layer was an aqueous layer. The aqueous layer was drained into 600 mL beaker and solvent layer was drained through a funnel containing phase separating filter with 10 g Na2SO4 into a clean pre-weighed 150 mL beaker. The beaker was then transferred to vacuum oven at 40 °C for four hours.
Lastly, the beaker was transferred to desiccators for one hour. Then, Petroleum hydrocarbon level was calculated using the following formula: PHC= Wr/Vs
Wr =Total weight of flask and residue minus tare weight of flask.

Vs =Initial sample volume in 1L

53 3.9.2
Determination of DO and BOD5

Sample for dissolved oxygen was added a 1 mL H2SO4, stopper and mixed well by inverting it several times until a complete dissolution. 200 mL of sample was transferred to 250 ml conical flask and then be titrated with 0.025 M of NaS2O3 solution until pale straw colour observed. Also, 1ml of starch indicator was added and titrated again to colourless end point. Lastly, its volume was recorded. For titration of 200 mL sample, 1ml 0.025 M of Na2SO3 is equal to 1mg DO/L. Volume obtained was equal to concentration of dissolved oxygen. 
The determination Biochemical Oxygen Demand (BOD5) were done by Titrimetric Technique where by Dilution water were prepared at temperature of 27°C.The following reagent were added 1 mL of phosphate buffer, MgSO4, CaCl2 and FeCl3 to the dilution water to make solution to PH 7.0 which is favorable for growth of bacteria which decompose organic waste. The made dilution water was mixed with portion of water sample based on the nature of water sample.  The Day one BOD5 was to determine on the day of sample collection and Day five BOD5 was incubated at temperature of 20oC then determination made after five days of sample Collection. The procedure for determination of BOD5 was the same as Dissolved Oxygen because what is determining is the difference between dissolved Oxygen of Day five and Day one. 
Finally, the value of BOD5 was calculated by the following formula:  BOD5 at 20°C mg/L=DO-DT/P

Where by:  D0=DO of diluted sample initially

DT=DO of diluted sample after five days

P=Decimal volumetric fraction of the sample used

Dilution Factor (P) =Bottle volume (300 ml)/Sample volume
Amount of oxygen and biological oxygen demand values obtained in the laboratory was compared with the PHC values. This determined whether obtained PHC level could prevent dissolved oxygen penetration in water enough for the survival of marine biodiversity. 
54 3.10
Data Analysis

Obtained data from laboratory were customized, published for completeness, and readiness using computer program known as Statistical Package for Social Science (SPSS, Version 24). Data were classified according to their nature and their relationships on the basis of the objectives and the questions they addressed. Data were analysed using descriptive statistics and inferential statistics. Descriptive statistics were adopted to investigate sample size distribution using measures of central tendency and dispersion. On the Contrary, inferential statistics were deployed to calculate significant means difference among groups, and investigate relationship between independent variables and dependent variable. In particular, first, second, and third objective were analysed using descriptive statistics.
55 3.11
Multiple Linear Regression Analysis

In this particular study, multiple linear regression models were established to examine variables association as depicted on the conceptual framework. A linear regression is a tool for the investigation of relationships between variables. The technique is used to develop a better understanding of the relationship between a dependent variable and a set of independent variables (Wakefield & Baker, 1998). At the outset of any regression study, researcher should formulate some hypotheses about the relationship between the variables of interest. Therefore, the relationship between the variables was tested basing on the hypotheses stated in chapter one.
56 3.12 
Ethical Consideration 

Permission for doing the research was requested from authorities of the Open University of Tanzania (OUT) and Regional Admistrative Secretary (RAS) Mwanza Region attached in the last of the appendices.
57 CHAPTER FOUR

58 RESULTS AND DISCUSSIONS
59 4.1

Results
60 4.1.1
Concentration Level of TPH on Mwanza Region Marine Ports
Descriptive statistics were conducted to check the mean concentration and standard deviation of TPH in water samples from south port and north port. A total of eight sampling sites were recorded, four from each respective port within a period of eight weeks.

61 4.1.2
TPH Concentration Level in each Sampling Site
It was found that, all sampling sites recorded high TPH concentration above the acceptable standard limits despite small variations of TPH concentrations in both South and North ports. The lowest concentration was measured in MS-site 1, MS-site 2, and MN-site 4 recording a minimum of 10 mg/L and maximum of 20 mg/L respectively, with an exceptional ofMS-site 2 which recorded a minimum of 0 mg/L. The rest of the sites, MS-site 3, MS-site 4, MN-site 1, MN-site 2, and MN-site 3 recorded a minimum of 10 mg/L and maximum of 30 mg/L in each respective site. 
The highest mean concentration was 26.2 ±6.51The lowest mean concentration was 6.92 ±6.3The rest of the sampling sites mean concentration ranged between 12 mg/L and 20 mg/L as indicated on Table 4.1. The analysis adhered by two hypotheses:

Ho: There are petroleum hydrocarbons on Mwanza Region marine ports.

Ha: There are no petroleum hydrocarbons on Mwanza Region marine ports.

Table 4.1: Descriptive Statistics showing Concentration level of TPC in Sampling Sites

	Sampling site
	N
Sample
	Minimum (mg/L)

TPC
	Maximum (mg/L)

TPC
	Mean (mg/L)
	

	MS – site 1
	13
	10.00
	20.00
	17.6923±4.40
	

	MS – site 2
	13
	.00
	20.00
	6.9231±6.30
	

	MS – site 3
	13
	10.00
	30.00
	12.3077±5.99
	

	MS – site 4
	13
	10.00
	30.00
	17.6923±5.99
	

	MN – site 1
	13
	10.00
	30.00
	20.7692±6.40
	

	MN – site 2
	13
	10.00
	30.00
	26.1538±6.50
	

	MN – site 3
	13
	10.00
	30.00
	20.7692±4.93
	

	MN – site 4
	13
	10.00
	20.00
	14.6154±5.19
	

	Total
	104
	
	
	
	


62 4.1.3
Overall TPH concentration in Mwanza south and north ports

Findings indicated that, the maximum concentration of TPH was 30 mg/L while minimum was 0.0 mg/L. The mean concentration of TPH was recorded high at 17.02 mg/L and a standard deviation of 7.9 mg/L as shown on Table 4.2. Therefore, the null hypothesis was accepted and alternative hypothesis rejected.
Table 4.2: Descriptive Statistics showing Concentration Level of TPH

	
	N
	Minimum (mg/L)
	Maximum (mg/L)
	Mean (mg/L)
	

	TPH
	104
	.00
	30.00
	17.0192±7.8678
	


63 4.1.4
Bivariate Correlation Matrix of the TPH Concentrations

Pearson correlation matrix was calculated to reveal the linear relationship of TPC concentration between south port and north port. Findings indicated that, correlation between south and north port TPH concentration was statistically significant (p = 0.045) at 0.05 significance level as shown on labelling to Table 4.3. The results also attest that: null hypothesis was accepted and alternative hypothesis was rejected. 
Table 4.3: Correlation Matrix showing Relationship of TPH Concentration Level
	
	South Port
	North Port

	South Port
	Pearson Correlation
	1
	

	
	Sig. (2-tailed)
	
	

	
	N
	52
	

	North Port
	Pearson Correlation
	.279*
	1

	
	Sig. (2-tailed)
	.045
	

	
	N
	52
	52

	*. Correlation is significant at the 0.05 level (2-tailed).


64 4.1.5
Trend of pollution level of TPH concentration

Trend of TPH concentration was measured using time series graph. The line chart shows that, there is irregular variation of TPC concentration in water in each sampling site for the period of eight weeks as indicated on Figure 4.1.
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Figure 4.1: Time Series showing Trend of TPH Concentration for the Period of Eight Weeks
 Source: Researcher, (2020)
[Note: X axis is time frame in dates specified and Y axis is the concentration of Total Petroleum Hydrocarbon (TPH) in mg/L]
65 4.1.6
Amount of Dissolved Oxygen (DO) in Water and Biochemical Oxygen Demand in Marine Ports
66 4.1.6.1 Amount of Dissolved Oxygen Dissolved in Water

Descriptive statistics were calculated to indicate the mean amount of oxygen dissolved in the eight sampling sites. The most minimum amount was 3.0 mg/L of dissolved oxygen obtained at MS-site 4 and MN-site 1 whereas the very maximum amount of oxygen dissolved in water was 7.4 mg/L observed at MS-site 1. The highest mean amount of was 6.8 mg/L obtained at MS-site 3 while the lowest was 4.8 mg/L obtained at MN-site 1 as demonstrated on Table 4.4.
Table 4.4: Descriptive Statistics showing amount of Dissolved Oxygen in Marine Ports
	Sampling site
	N
	Minimum (mg/L)
	Maximum (mg/L)
	Mean (mg/L)
	

	MS – site 1
	13
	6.30
	7.40
	6.7154±0.31
	

	MS – site 2
	13
	6.30
	7.10
	6.6615±0.24
	

	MS – site 3
	13
	6.60
	7.10
	6.7615±0.17
	

	MS – site 4
	13
	3.00
	7.00
	6.3923±1.0
	

	MN – site 1
	13
	3.00
	6.40
	4.8077±0.78
	

	MN – site 2
	13
	4.30
	5.80
	5.0923±0.41
	

	MN – site 3
	13
	5.00
	6.50
	5.7154±0.49
	

	MN – site 4
	13
	4.90
	6.40
	5.6462±0.40
	

	Total
	104
	
	
	
	


Source: Researcher, (2020)
67 4.1.6.2
 Biochemical Oxygen Demand (BOD5) in Marine Ports
Results indicate that, the most minimum biochemical oxygen demand was 15.0 mg/L observed at MS-site 1, MS-site 2, MS-site 3, and MS-site 4. Whereas, the maximum biochemical oxygen demand was 45 mg/L at MN-site 1, MN-site 2, and MN-site 3 respectively. Mean biochemical oxygen demand results shows that, MN-site 2 and MN-site 3 have the highest BOD5, M = 38.7 and M = 38.8 respectively. The lowest BOD5 was attained at MS-site 1 (M =21.0). The rest of sampling sites yielded BOD5 range between 22 mg/L and 36 mg/L as depicted on Table 4.5.
Table 4.5: Descriptive Statistics showing Biochemical Oxygen Demand in Marine Ports
	Sampling site
	N
	Minimum (mg/L)
	Maximum (mg/L)
	Mean (mg/L)
	

	MS – site 1
	13
	15.00
	24.00
	21.0000±2.74
	

	MS – site 2
	13
	15.00
	30.00
	22.3846±5.4
	

	MS – site 3
	13
	15.00
	33.00
	23.0769±4.65
	

	MS – site 4
	13
	15.00
	33.00
	23.5385±5.98
	

	MN – site 1
	13
	21.00
	45.00
	36.0000±7.25
	

	MN – site 2
	13
	27.00
	45.00
	38.6923±5.22
	

	MN – site 3
	13
	30.00
	45.00
	38.7692±4.497
	

	MN – site 4
	13
	24.00
	51.00
	35.5385±6.80
	

	Total
	104
	
	
	
	


Source: Researcher, (2020)
68 4.1.6.3
Effect of Pollution Level of TPH on Dissolved Oxygen in Water
Multiple linear regressions were employed to analyze the effect of TPH on dissolved oxygen in water. TPH and BOD5 were treated as independent variables while level of dissolved oxygen as dependent variable. Assumptions of multiple regression were taken into account, including linearity, normality, autocorrelations, and multicollinearity. Two hypotheses were constructed to guide the analysis:

Ho: Level of TPH and BOD5 concentration affect DO in Lake Victoria marine ports.

Ha: Level of TPH and BOD5 concentration does not affect DO in Lake Victoria marine ports.

69 4.1.6.4
Assumptions of Multiple Linear Regressions
(a) Linearity assumption

This test was conducted using Pearson correlations to verify that the relationship between dependent and independent variables is linear in nature. It was found that, Dissolved Oxygen (DO) has negative significant relationship (p<.000) with TPH and BOD5. The decrease in TPH, r (104) = -.46, and BOD5, r (104) = -.67 accounts for increase in DO in water, thus confirms a negative linear relationship of the variables as indicated on Table 4.6.
Table 4.6: Pearson Correlation Test showing Linearity Experiment
	
	TPH
	BOD5
	DO

	TPH
	Pearson Correlation
	1
	
	

	
	Sig. (2-tailed)
	
	
	

	
	N
	104
	
	

	BOD5
	Pearson Correlation
	.484**
	1
	

	
	Sig. (2-tailed)
	.000
	
	

	
	N
	104
	104
	

	DO
	Pearson Correlation
	-.464**
	-.674**
	1

	
	Sig. (2-tailed)
	.000
	.000
	

	
	N
	104
	104
	104

	**. Correlation is significant at the 0.01 level (2-tailed).


Normality assumption 

This assumption checks whether the values in independent variables are normally distributed. This presumption was met with skewness and kurtosis checking. As shown in Table 4.7, all variables displayed normal value distribution as their skewedness and kurtosis coefficient were within ±2.58.

Table 4.7: Normality Test

	Variable
	N
	Skewness
	Kurtosis

	
	Statistic
	Statistic
	Std. Error
	Statistic
	Std. Error

	TPH
	104
	-.025
	.237
	-.492
	.469

	BOD5
	104
	.183
	.237
	-1.177
	.469


70 Autocorrelation assumption 
The assumption of autocorrelations proves the independence of errors between independent variables. As shown in Table 4.8, this assumption was verified with the Durbin-Watson test. Results showed that, there were weak autocorrelations between independent variables because the coefficient of Durbin-Watson was 2.0. Durbin-Watson coefficient should vary between 1.5 and 2.5 for the indication of low autocorrelation (Field, 2009).
Table 4.8: Durbin-Watson showing Autocorrelations Test
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Durbin-Watson

	1
	.692a
	.479
	.468
	.62065
	2.038


Multicollinearity assumption

This assumption is often used to verify whether a correlation exists between independent variables. High correlations between variables make it difficult to estimate the importance of each variable's effect size. In order to test this assumption, Variance Inflation Factor (VIF) and the tolerance rate were calculated. Table 4.9 shows that, the tolerance rates were high while VIF was very low, suggesting a very low association between the variables. The low VIF and high tolerance rates are suggested to imply low collinearity. The VIF ranges from 1 to 10 and the tolerance ranges from 0 to 1.

Table 4.9: Tolerance and VIF showing Multicollinearity test
	Model
	Collinearity Statistics

	
	Tolerance
	VIF

	1
	  (Constant)
	
	

	
	  TPH
	.766
	1.306

	
	 BOD5
	.766
	1.306


(a) Multiple linear regression analysis

Analysis of multiple regressions between DO, BOD5, and TPH was conducted after completion of regression assumptions tests. Results show that, R Square = .479, p <.000 which indicate that, independent variables explain significant 47.9% of variations of the regression model. In other words, BOD5 and TPH have a significant relationship with DO and they contribute 47.9% of the DO as demonstrated on Table 4.10 and 4.11.
Table 4.10: Regression Model Summary
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.692
	.479
	.468
	.62065


Table 4.11: ANOVA Test showing Significance Level of the Regression Model

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	35.716
	2
	17.858
	46.360
	.000

	
	Residual
	38.906
	101
	.385
	
	

	
	Total
	74.622
	103
	
	
	


Furthermore, contribution of each regression coefficient on the model was determined. TPH was found to be a significant negative predictor (p<.000) of DO such that, one-unit increase of TPH accounts for 0.2 decrease inDissolve Oxygen (DO). Biochemical Oxygen demand (BOD5) was also a significant predictor (p<.000) of DO showing that, one-unit increase in BOD5 attribute to 0.6 decrease in DO. Table 4.12 illustrates the regression coefficients results. Therefore, null hypothesis was accepted while the alternative hypothesis was rejected.
Table 4.12: Multiple Regression Coefficients

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	7.941
	.210
	
	37.868
	.000

	
	TPH
	-.020
	.009
	-.181
	-2.201
	.030

	
	BOD5
	-.054
	.008
	-.586
	-7.138
	.000

	a. Dependent Variable: DO


The developed equation for the regression model is demonstrated as follows;

From,

      Y= 0 +1 X1 + 2 X2 +… n Xn+ 

Then, 

      DO =- TPH - BOD5
Where,

DO = Dissolved Oxygen
BOD5= Biochemical Oxygen Demand

TPH = Total Petroleum Hydrocarbon
= Error Term
Findings suggest that, there is moderate amount of oxygen dissolved in water of Lake Victoria marine ports. A total of six sampling sites had a minimum DO concentration level above 3 mg/L with a mean DO between 5 mg/L and 6 mg/L while only two sampling sites yielded a minimum of 3 mg/L with a mean DO between 4mg/L and 6 mg/L.
71 4.2

Discussions
72 4.2.1
Concentration Level of TPH on Mwanza Region Marine Ports
Based on the findings, concentration level of Petroleum Hydrocarbon in Mwanza region ports was above the accepted standard limit. Seven sampling sites had a minimum TPH concentration of 10 mg/L which exceed 0.3mg/L international standard of TPH concentration in water. According to the European Union Environmental Protection Agency (EUEPA, 2009), the acceptable standard limit for TPH in lake and river water is 300 μg/L, which is equal to 0.3 mg/L. 
These findings give an implication that, marine operations in Lake Victoria ports have adverse effect on TPH concentration in water. Findings also indicate that, within the period of two months, south and north ports sampling sites have recorded 20 mg/L to 30 mg/L maximum level of TPH concentration with a mean concentration of 17mg/L. 
This implies that, TPH concentration is increasing in water as regards to time. The overall mean concentration affirms the null hypothesis and rejects the alternative hypothesis. Further, results suggest that, south port and north port have significant correlation on level of TPH concentration in water. It implies that, both ports are experiencing the increasing trend of TPH concentration in water. 
However, north port has shown higher trend of TPH concentration level than south port considering the higher mean concentration observed in its sampling sites. The Mwanza North Port is nearby Mirongo River which is passes through Mwanza City Council. Mirongo River drain water near to the North Port which pollute the lake water at the Port area. Sewage from domestic, Industrial waste, Total Petroleum Hydrocarbon from garages drains to the river which then being entered the lake and causes the increase of Total Petroleum Hydrocarbons and Biochemical Oxygen Demand and result for depletion of oxygen.
Currents findings were in harmony with several empirical studies. For instance, Iteet al. (2018) revealed that, Niger delta zone had higher concentration of TPH on surface water and ground water due to oil producing community activities. Ashraf and Mian (2018) also found that, Arabian Gulf had a tendency of accumulating higher TPH concentration level to the extent of affecting aquatic organisms. 
73 4.2.2
Amount of Oxygen Dissolved in Water and Biochemical Oxygen Demand in Marine Ports
According to EPA (2013), the standard amount of DO for survival of aquatic organisms varies from species to species. Bottom feeders, crabs, oysters and worms need minimum oxygen concentrations from 1-6 mg/L, whereas shallow-water fish demand high oxygen levels from 4-15 mg/L.  This imply that, among the surveyed eight sampling sites, two sites had lower DO concentration level below 4 mg/L which is insufficient for survival of shallow-water fishes who demands at least DO concentration of 4mg/L and above. It also gives an indication that, these sites are highly polluted to the extent of allowing low dissolution of oxygen. For the case of results suggest BOD5 was very high as the minimum was 15mg/L and the maximum being 45 mg/L. The mean BOD5 ranged from 21 mg/L to 38 mg/L for the period of eight weeks in all eight sampling sites. EPA (2013) recommends that, for fairly clean water Biochemical Oxygen Demand (BOD5) should be 3.0 mg/L or below. Biochemical Oxygen Demand (BOD5) concentration from 10-20 mg/L indicative heavy pollution of water while 20 mg/L or more indicate severe pollution. The more the BOD5, the quicker the oxygen is drained. This implies that, the higher levels of marine life have less oxygen. High BOD5 have the same effects as low-dissolved oxygen: water BOD5ies become exhausted, suffocate, and die.
These findings align with various empirical studies such as, Freije (2014) who revealed that, high BOD5 and low DO have significant effect on water BOD5 particular shallow water fishes. McCabe (2020) also revealed that, excessive organic matter in coastal areas influenced variation of BOD5 and DO concentration level in water. Findings also concur with Mocuba (2010) on the significant influence sewage discharge on changes of DO and BOD5 in water.
74 4.2.3
Effect of Pollution Level of TPH on Dissolved Oxygen in Water
In regards to the findings, independent variables proved to have significant relationship with dependent variable. This means that, BOD5 and TPH significantly influence DO in the water. BOD5 and TPH were found to explain around 48% of DO concentration level. However, this relationship was negatively oriented. This gives a notion that, higher level of BOD5 and TPH accounts for lower DO concentration level. Results also suggest that, lower DO was mostly likely influenced by higher BOD5 which attributed 0.6mg/L decrease of DO compared to TPH which decreased only 0.2 mg/L of DO. Based on this notion, marine activities which involve oil spills contribute to higher level of petroleum hydrocarbon in water. This in turn influences higher concentration of BOD5 which adversely lowers DO in the ports.

Present findings are in consistency with Kurylenko and Izosimova (2016) on the fact that, oil pollution causes complicated structural changes and functional changes in natural habitats as well as infringements of metabolic processes, development and degradation of organic matter, and ultimately leads to a reduction in the diversity of aquatic organisms. For instance, the planktonic animals are very susceptible to sea water oil contamination, which speeds up their deaths atthe Concentration of 0.01 mg/L concentrations.
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76 CONCLUSION AND RECOMMENDATIONS
77 5.1

Conclusions

This study was primarily set to assess the pollution level of Petroleum Hydrocarbons in Mwanza marine ports. 
78 5.1.1
Concentration level of TPH on Mwanza Region Marine Ports

In regards to the study findings, the pollution level was found to be significantly severe. Concentration of Total Petroleum Hydrocarbons (TPH) in the two selected Mwanza marine ports was above the accepted standard limit of 0.3 mg/L as recommended by EPA (2009). The surveyed sampling sites in the selected ports yielded a high mean concentration of TPH above 17 mg/L which may raise a concern for aquatic organisms’ survival and provide an indication for water pollution in the study areas.
The study also suggests that, the amount of Dissolved Oxygen (DO) in the Mwanza south and north port does not suffice the recommended standard limits. The average amount of DO was found ranging from 3 mg/L to 7 mg/L concentration level which is lower by 8 mg/L that is equal to 53.3% more than a half of the needed oxygen for the fishes to survive. This amount of DO can be hazardous for some species of fishes dwelling in shallow water which demand 4-15 mg/L of DO concentration level. In the same manner, BOD5 concentration level was also very high (15-45 mg/L) compared to the standard which is 3.0 mg/L in fresh water environments such that, it threatens the possibility for a decreasing level of DO. This can be associated with marine operations conducted along the ports, which cause oil spills and water pollution.
In a nutshell, TPH and BOD5 are significant predictors of the decreasing level of DO in Mwanza marine ports. Statistical evidence shows that; these variables significantly affect 53.3% of the DO concentration level in water. This study provides an evidence that, DO in Mwanza marine ports is at risk as regards to the increasing level of TPH and BOD5 in water due to on-going severe water pollution from oil spills.
79 5.1.2 
Effects of Amount of Oxygen Dissolved in Water and Biochemical Oxygen Demand in Marine Ports
In regards to the findings, it was concluded that, there is moderate amount of oxygen dissolved in water and very high level of BOD5 in Mwanza marine ports. This indicates that, the observed amount of Dissolved Oxygen and BOD5 may raise a concern on marine life particularly shallow water fishes. Water which contains BOD5 causes DO become exhausted, which make the fishes to suffocate, and die due to high level of BOD5.
80 5.1.3 
Effects of Pollution Level of TPH on Dissolved Oxygen in Water
It can be concluded that, BOD5 and TPH have significant negative relationship with DO. Higher level of BOD5 and TPH contributes to the decrease level of DO concentration in Mwanza marine ports. This situation may result to structural and functional changes in natural habitats as well as infringements of metabolic processes, development and degradation of organic matter, and ultimately leads to loss of biodiversity and a reduction in the diversity of aquatic organisms.
81 5.2

Recommendations

From the conclusions of the study, the following recommendations were addressed;

A decreasing trend in the DO and rise of TPH in Mwanza marine ports were revealed in this analysis. A variety of policies and management steps are therefore recommended to address severe petroleum hydrocarbon pollution problems in Lake Victoria. The continuation of the routine environmental and fisheries surveillance of Lake Victoria biodiversity call an emphasis on eradication of pollutants and their fatalities.
82 5.2.1 
Recommendation to the Stakeholders

Community/stakeholders participation workshops on the environmental catchment conservation zones and proper, integrated water-catching management is paramount. The goal is to reduce inputs of sediments, mineral ions and nutrients/pollutants and their consequences for Lake Victoria's ecosystem health. The lessons which the stakeholders can learn will apply in other fields of water quality management. 
83 5.2.2
Recommendation to the Local Government Authorities (LGAs)

Local Government Authorities (LGAs) around the Lake Victoria Marine Ports should observe that the set out Environmental Laws and Policies are enforced and adhered to by the stakeholders in order to safeguard the marine environment, the biodiversity, human being and other end users.
84 5.2.3 
Recommendation to Policy Makers

Besides, to deal with increasing trend of TPH, multidimensional approaches and strategies, challenges and methods are required to control marine ports. Marine ports institutions and organisation have to be active in implementing evidence-based policies on the management of the environment and natural resources aimed at enhancing the ecosystem's well-being of the Lake.
85 5.3

Recommendations for Further Studies
The findings of this study cannot be generalized to reflect the entire Lake Victoria TPH concentration. Further studies are therefore recommended to investigate similar aspect on TPH pollution on other marine ports around the Lake Victoria located in Mwanza region and East Africa as well. The study also recommends to ascertain the concentration level of heavy metals in the water as well as the sediments to know the trends of heavy metal and effects to the biodiversity of the Lake Victoria.
According to International Maritime Organisation (IMO, 2017), a Sustainable Maritime Transportation System needs a well-organized administrative authority.
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87 APPENDICES

SURVEY DATA FROM THE SAMPLING SITES

	CODE NO
	DATE
	PHC Mg/L
	DO Mg/L
	BOD55 Mg/L

	MS 1
	8/4/2020
	20
	6.3
	21

	MS 2
	
	0
	6.4
	30

	MS 3
	
	10
	6.8
	18

	MS 4
	
	20
	7
	30

	MN1
	
	20
	3
	27

	MN2
	
	30
	5.8
	32

	MN3
	
	20
	5.4
	30

	MN4
	
	10
	5.6
	36

	MS 1
	8/6/2020
	10
	6.6
	21

	MS 2
	
	10
	6.7
	18

	MS 3
	
	10
	6.7
	24

	MS 4
	
	20
	6.1
	18

	MN1
	
	20
	4.6
	39

	MN2
	
	30
	4.9
	36

	MN3
	
	20
	6.4
	39

	MN4
	
	10
	5.6
	33

	MS 1
	8/11/2020
	10
	7.4
	15

	MS 2
	
	10
	7
	15

	MS 3
	
	10
	7.1
	18

	MS 4
	
	20
	6.7
	21

	MN1
	
	10
	6.4
	21

	MN2
	
	20
	5.4
	27

	MN3
	
	20
	6.2
	30

	MN4
	
	20
	6.4
	36

	MS 1
	8/13/2020
	20
	6.4
	24

	MS 2
	
	10
	6.3
	18

	MS 3
	
	20
	6.7
	21

	MS 4
	
	20
	6.9
	15

	MN1
	
	20
	4.5
	30

	MN2
	
	20
	5.7
	45

	MN3
	
	30
	5.6
	42

	MN4
	
	20
	5.5
	30

	MS 1
	8/18/2020
	20
	6.7
	24

	MS 2
	
	10
	6.8
	24

	MS 3
	
	10
	6.7
	21

	MS 4
	
	10
	6.6
	18

	MN1
	
	20
	4.7
	36

	MN2
	
	30
	4.8
	42

	MN3
	
	20
	6.5
	45

	MN4
	
	10
	5.7
	42

	MS 1
	8/20/2020
	10
	7.2
	21

	MS 2
	
	10
	7.1
	27

	MS 3
	
	10
	7.1
	33

	MS 4
	
	10
	6.9
	21

	MN1
	
	30
	5.8
	42

	MN2
	
	10
	5.3
	36

	MN3
	
	30
	6.2
	39

	MN4
	
	20
	6.1
	36

	MS 1
	8/25/2020
	20
	6.7
	18

	MS 2
	
	0
	6.4
	18

	MS 3
	
	10
	6.8
	15

	MS 4
	
	20
	6.7
	21

	MN1
	
	20
	4.6
	36

	MN2
	
	30
	4.9
	39

	MN3
	
	20
	5.8
	45

	MN4
	
	10
	5.9
	30

	MS 1
	8/27/2020
	20
	6.8
	24

	MS 2
	
	0
	6.8
	24

	MS 3
	
	10
	6.7
	24

	MS 4
	
	20
	6.9
	27

	MN1
	
	30
	4.8
	42

	MN2
	
	30
	4.9
	42

	MN3
	
	20
	5.1
	39

	MN4
	
	10
	5.2
	30

	MS 1
	9/1/2020
	20
	6.7
	24

	MS 2
	
	10
	6.6
	18

	MS 3
	
	10
	6.7
	27

	MS 4
	
	10
	6.6
	18

	MN1
	
	30
	4.4
	30

	MN2
	
	20
	4.3
	39

	MN3
	
	20
	5
	39

	MN4
	
	20
	4.9
	42

	MS 1
	9/3/2020
	20
	6.6
	21

	MS 2
	
	0
	6.5
	30

	MS 3
	
	10
	6.6
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Photo 1: Picture showing the researcher on boat, documenting sampling point for data collection along the Mwanza north marine port
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Photo 2: Picture showing the researcher on boat, addressing the measurement instrument of sampling sites for data collection in one of the sampling points in Mwanza south port.
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Photo 2: Picture showing the researcher on boat, addressing the view of one of the sampling points for data collection in Mwanza south port.
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Appendix II:  Research Clearance Letter

Appendix III: Plagiarism Report

Clean and Safe Environments, Marine water, Biodiversity, and the End users of marine resources
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