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ABSTRACT
Assessment of water quality at Themi River in relation to human activities in Arusha City was conducted in two seasons’ dry (October-November 2021) and rainy (March – April 2022) seasons. Water samples were collected by using special sterilized plastic containers at the designated points and hours. Measurements of pH, temperature, and dissolved oxygen were done at the site turbidity, TDS, TSS, Escherichia coli, and heavy metals (Zn, Ni, Fe, and Cu) were determined in the laboratory. Samples for laboratory analyses were stored and transported as appropriate. Water sampling was done while observing the different human activities along and within the river at each site. Temperature, pH, DO, turbidity, TDS and heavy metals (Zn, Cu, Ni, Fe, Pb) did not exceed WHO drinking water standards while presence of E. coli and TSS makes the water from River Themi not suitable for human use. Presence of E.coli and TSS is indicative of human activities along the river, which generate more pathogens and suspended solids. There is a need to raise awareness among water users on proper use of water resources. In addition, continuous and regular monitoring of the river health by Pangani Water Basin management is proposed.
Keywords: Water Quality, Water Temperature and Water Pollution in Relation to Human Activities
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CHAPTER ONE

INTRODUCTION
1.1     Background of the Study

In recent years there has been increasing awareness of, and concern about water pollution all over the world (Richard and Ivanildo, 1997). The quality of water is of vital concern for mankind since it is directly linked with human welfare. Today there are many cities worldwide facing an acute shortage of quality water. The quality of water is affected by human activities and is declining due to urbanization, population growth, industrial production, climate change and increasing scarcity of water. The resulting water pollution is a serious threat to the well-being of both the Earth and its population (Halder and Islam, 2015). Millions of people are exposed to dangerous levels of biological contaminants and chemical pollutants in their drinking water due to inadequate management of urban, industrial or agricultural wastewater, in addition, dangerously high concentrations of chemical hazards, such as arsenic and fluoride originating from natural sources affects millions and cause conditions such as cancer and fluorosis (WHO, 2012). 
A total of 58 countries from all continents reported a cumulative total of 589,854 cholera cases in 2011, representing an increase of 85% from 2010. The greatest proportion of cases was reported from the Island of Hispaniola and the African continent (WHO, 2012). Environmental qualities of some important water resources in developing countries of the sub-Saharan region like Tanzania are not well investigated, probably owing to, for example, a lack of modern analytical tools to assist in the monitoring programs. 
The main hazards placing the beneficial uses of Tanzania’s water sources are risks in all basins including faecal contamination and waterborne disease from poor domestic waste management in urban and peri-urban areas (Peter, 2010). It is observed that there are variations in exposure and possible contamination at River Themi. Close to the river, there are mixed peasants agriculture and human settlements which are likely to subject pollutants in the river like pesticides and agrochemicals, mainly in downstream floodplain areas. The downstream areas of the river are characterized by bare land, intensive grazing, large-scale agriculture and seasonality flooding in the wet season, which are more likely to contribute to the addition of pollutants to the river (Kitalika et al, 2018). This poses potential health concerns associated with exposure to chemicals contained in the garbage, rubbish, trash and sewage from homes, institutions and industries thrown or channelled to the river which changes the physicochemical and biological nature of the water.
1.2      Statement of the Research Problem
Water pollution control is one of the most critical of those challenges. Without urgent and properly directed action, developing countries face mounting problems of diseases, environmental degradation and economic stagnation, as precious water resources become more and more contaminated (Reda, 2016). The Pangani basin water office effluent monitoring program which is the longest-running and most comprehensively reported of all the basins in Tanzania reported that the local government sewage treatment plants serving the towns of Arusha and Moshi performed poorly in 2008-2009 and there were high levels of faecal contamination in rivers down streams of the discharge point (Hawkins, 2010). 
However, while a substantial amount of studies have been conducted in river Themi relatively little is published on the magnitude of human activities and the water quality in terms of physicochemical, chemical and biological parameters. Therefore, this study was intended to assess the quality of water in River Themi in relation to human activities. The river Themi is one of the important rivers surveyed in 2008-2009 by the Pangani basin water office effluent monitoring program which found high levels of faecal contamination, especially in downs streams of the discharge point, furthermore, the study intends to assess levels of the physicochemical and chemical parameter in water suitable not only for humans but for other organisms living in the water.
1.3     Research Objectives

1.3.1  General Research Objective
The general objective was to assess the quality of water in river Themi, Arusha city in relation to human activities. 
1.3.2  Specific Research Objectives
The specific objectives of the study were:

(i) To determine the levels of physicochemical parameters (temperature, pH, dissolved oxygen, turbidity, total dissolved solids, and total suspended solids) in the water from the study area with different human activities.

(ii) To evaluate the bacteriological parameters (Escherichia coli) in the water from the study area with different human activities.

(iii) To determine the levels of heavy metals (Zn, Ni, Cu, Fe and Pb) in water from the study area with different human activities.

(iv) To compare the magnitude of pollution of the river in relation to different rain seasons (dry and wet).

1.4     Statement of Hypothesis

The research was guided by the following hypotheses:

Ho1: There is no significant difference in the levels of physicochemical parameters in water in areas with different human activities.

Ho2: There is no significant difference in the bacteriological parameters in water in areas with different human activities.

Ho3: There is no significant difference in the levels of heavy metals in water in areas with different human activities.

H04:  There is no significant difference in the magnitude of pollution of the river water in relation to different rain seasons (dry and wet).
1.5     Significance of the Study

The findings of this study will help to raise awareness among all people living adjacent to the river and those using water from the river for different purposes. The awareness of the status of the environment whether is worse or good and take action. The management of River Themi who have given the mandate to control all activities practised along and within River Themi according to the Environmental Management Act of 2004 and the related acts, the management will decide and take appropriate measures to prevent or reduce sewages goes to the river and chemicals generation, and decide what steps to take to control farming, grazing, dumping of solid waste along the river and control of wastewater channels from homes, institutions and industries to the river. At the Earth Summit in Rio de Janeiro in June 1992, World leaders recognized the crucial importance of protecting freshwater resources. Chapter 18 of Agenda 21 sees “Effective water pollution prevention and control programmes” as key elements of national sustainable development plans. The steps will involve many interested parties and encompass economic and public policy concerns. Furthermore, the findings will be useful to academicians and researchers for further research and other studies. 

CHAPTER TWO

LITERATURE REVIEW

2.1     The Concept of Water Quality
Water quality is commonly defined by its physical, chemical, biological and aesthetic (appearance and smell) characteristics (Voudouris and Voutsa, 2012). In view of the complexity of factors determining water quality and the large choice of variables used to describe the status of water bodies in quantitative terms, it is difficult to provide a simple definition of water quality. Water may be used for drinking, irrigating crops and watering stock, industrial processes, production of fish, shellfish and crustaceans, wildlife habitats, protection of aquatic ecosystems, navigation and shipping, recreation (swimming, boating), and scientific study and education. Liquid water is never pure and is affected by agriculture, urban, industrial and recreation uses. The modification of natural stream flows and the weather can also have a major impact on water quality (Voudouris and Voutsa, 2012). 
When water becomes contaminated by unexpected substances, it is considered harmful to human and aquatic life. This water is termed as polluted water (Chakraborty et al, 2013). The presence of contaminants and the characteristics of water are used to indicate the quality of water. These water quality indicators can be categorized as, biological (algae, bacteria), physical (temperature, turbidity and clarity, colour, salinity, suspended solids, dissolved solids, sediment), chemical: pH, dissolved oxygen, biological oxygen demand, nutrients (including nitrogen and phosphorus), organic and inorganic compounds (including toxicants), aesthetic (odours, taints, color, floating matter), radioactive (alpha, beta and gamma radiation emitters). Measurements of these indicators can be used to determine and monitor changes in water quality and to determine whether the quality of the water is suitable for the health of the natural environment and the uses for which the water is required (Voudouris and Voutsa, 2012).  
2.2     Water Pollution in Relation to Human Activities
Water pollution is the contamination of water bodies usually as the result of human activities in such a manner that negatively affects its legitimate uses. Human activities related to extensive urbanization, agricultural practices, industrialization and population expansion have led to water quality deterioration in many parts of the world (Baig et al, 2009, cited by Romeo and Gupta, 2016). For example, uncontrolled land use for urbanization or deforestation, accidental (or unauthorized) release of chemical substances and discharge of untreated wastes or leaching of noxious liquids from solid waste deposits. 
Similarly, the uncontrolled and excessive use of fertilizers and pesticides has long term effects on ground and surface water resources. Such activities produce pollutants in the form of untreated wastes of industries, solid wastes from urban and commercial areas, wastes of sewerage in the municipality, faeces of animals, pesticides, fertilizers, radioactive wastes, erosion of lands river banks as well as hot water from die engines and oil from storage tanks (Chakraborty et al, 2013). These pollutants can be released into the aquatic environments as gases, dissolved substances or in particulate form. 
The global deterioration of rivers is due to the presence of pathogens, decomposable organic matter, organic micropollutants, suspended solids, trace elements, and nutrients (phosphates, nitrate, and nitrites) that cause acidification. The most important anthropogenic impacts on water quality on a global scale distinguish the severity of the impairment of use in rivers, lakes, reservoirs and ground waters types of water bodies (Meybeck and Helmer, 1992). 
Pollution and water quality degradation interfere with vital and legitimate water uses at any scale i.e. local, regional or international (Meybeck et al., 1989). Generally, the water quality of rivers is best in the headwaters, where rainfall is often abundant, declining as rivers flow through regions where land use and water use are intense and pollution from intensive agriculture, large towns, industry and recreation areas increases.
2.3     Physicochemical Parameters as Determinants of Water Quality
Each freshwater body has an individual pattern of physiochemical characteristics, which are determined largely by the climatic, geomorphological and geochemical conditions prevailing in the drainage basin and the underlying aquifer (Meybeck and Helmer, 1992). In addition, human activities also determine the physicochemical properties of water. 
2.3.1  Temperature 
Temperature is an important water parameter because it influences quantity for the generality of other water parameters and also because it determines many physical characteristics of a water body. Higher temperatures often exacerbate low dissolved oxygen level problems in rivers, lakes and reservoirs. High temperatures encourage the microbial breakdown of organic matter; a process that requires dissolved oxygen. Unfortunately, warm water naturally holds less dissolved oxygen. Thus, persistent warm conditions may lead to a depletion of dissolved oxygen in the water body (Voudouris and Voutsa, 2012). The study conducted by Hellar-Kihampa (2016) states the water temperatures were all above 200C ranging from 21.00C to 30.50C, reflecting the climatic conditions of the area.
2.3.2 pH 

pH is defined as the negative log-base 10 of the hydrogen ion activity. The pH is a log-base 10 scale that measures the acidity of a solution on a scale of 0 to 14. The pH of neutral solutions, such as pure water, is equal to 7. Alkaline solutions will have high pHs (8-14) and acidic solutions will have low pHs (1-6), (Voudouris and Voutsa, 2012). The Hellar-Kihampa (2016) observed that the levels of pH of the river waters were near neutral to slightly alkaline (6.77 ± 0.34 to 8.94 ± 0.45). These values are within the usual range for natural river water and are within the WHO's maximum permissible limits of 6.5-9.2 for portable water.
2.3.3    Dissolved Oxygen (DO)
Dissolved oxygen (DO) refers to the volume of oxygen that is contained in water. Oxygen enters the water by photosynthesis of aquatic biota and by the transfer of oxygen across the air-water interface. The amount of oxygen that can be held by the water depends on the water temperature, salinity, and pressure. Gas solubility increases with decreasing temperature (colder water holds more oxygen). Gas solubility increases with decreasing salinity (freshwater holds more oxygen than saltwater (Voudouris and Voutsa, 2012). Dissolved oxygen (DO) concentrations were found to range between 2.0 and 8.3mg/L at 250C in the study conducted by Hellar-Kihampa (2016).
2.3.4  Turbidity
Turbidity is a quantity quantifying the degree to which light travelling through a water column is scattered by the suspended organic (including algae) and inorganic particles. Light scattering increases with the quantity of solids suspended in water. Turbidity may be due to organic and/or inorganic constituents. Organic particulates may harbour microorganisms. Thus, turbid conditions may increase the possibility of waterborne disease. Inorganic constituents have no notable health effects. If turbidity is largely due to organic particles, dissolved oxygen depletion may occur in the water body. The excess nutrients available will encourage microbial breakdown, a process that requires dissolved oxygen. In addition, excess nutrients may result in algal growth. Although photosynthetic by day, algae respire at night, using valuable dissolved oxygen. Fish kills often result from extensive oxygen depletion (Voudouris and Voutsa, 2012).
2.3.5  Total Dissolved Solids (TDS)
The total dissolved solids (TDS) in water consist of inorganic salts and dissolved materials. In natural waters, salts are chemical compounds comprised of anions such as carbonates, chlorides, sulphates, and nitrates (primarily in groundwater), and cations such as potassium (K), magnesium (Mg), calcium (Ca), and sodium (Na). In ambient conditions, these compounds are present in proportions that create a balanced solution. If there are additional inputs of dissolved solids to the system, the balance is altered and detrimental effects may be seen. Inputs include both natural and anthropogenic sources. Mineral content determined by the total dissolved solids present is an essential feature of the quality of any water body resulting from the balance between dissolution and precipitation (Voudouris and Voutsa, 2012). The total dissolved solids (TDS) ranged between 48 and 652 mg/L, which was within the WHO acceptable standard for drinking water quality of 1000mg/L (Hellar-Kihampa, (2016).
2.3.6  Total Suspended Solids (TSS)

Total suspended solids are a measure of the undissolved solids matter in water that remains on the surface of a filter after all the water has been evaporated. The majority of total suspended solids comprise inorganic materials; however, algae and bacteria may also be considered TSS. TSS could be anything that floats or suspend in water which affects water quality by making it unfit or unsafe to drink, aesthetically unacceptable for recreational use and aquatic habitats and unsuitable for use in many industrial or other applications (Baird et al., 2017).
2.4     Bacteriological Parameter as Determinants of Water Quality 
For over a century, faecal indicator bacteria (FIB) i.e., total coliforms, faecal coliforms, Escherichia coli, faecal streptococci, and enterococci have been used to detect sewage contamination in water in order to protect the public from waterborne pathogens associated with faecal materials such as bacteria, protozoa, and viruses (Kehr et al., 1941; NRC, 2004). E. coli is a species of bacteria that is naturally found in the intestines of humans and warm-blooded animals. It is present in faeces in high numbers and can be easily measured in water, which makes it a useful indicator of faecal contamination for drinking water providers. E.coli is the most widely used indicator for detecting faecal contamination in drinking water supplies worldwide. 
The detection of E.coli in drinking water can pose a health risk to consumers. The proposed maximum acceptable concentration for E.coli is consistent with drinking water guidelines established by other countries and international organizations. The World Health Organization (WHO), The European Union, The United States Environmental Protection Agency (US.E.P.A) and Australian National Health and Medical Research Council have all established a limit of zero E.coli per 100mL (Health Canada, 2019).
2.5     Heavy Metals as Indicators of Water Pollution
In recent years metal contamination in the aquatic environment has attracted global attention owing to its environmental toxicity, abundance and persistence (Sin et al., 2001, Armitage et al., 2007, Yuan et al., 2011., cited by Islam et al 2014). Large quantities of hazardous chemicals especially heavy metals have been released into rivers worldwide due to global rapid population growth and intensive domestic activities, as well as expanding industrial and agricultural production (Srebotnjak et al., 2012, Su et al., 2013 cited by Islam et al., 2014). Rivers in urban areas have also been associated with quality problems because of the practice of discharging untreated domestic and industrial waste into the water bodies, which leads to the increase of metals in the river water (Khadse et al., 2008, Venugopal et al., 2009).
2.5.1 Zinc
Zinc in its elemental form is a bluish-white metal. Zinc is found naturally at low concentrations in many rocks and soils principally as sulphide ores and to a lesser degree as carbonates. Zinc can be introduced into water naturally by the erosion of minerals from rocks and soil. Most zinc is introduced into water by artificial pathways such as by-products of steel production or coal-fired power stations or from the burning of waste materials (Manne et al., 2021).
2.5.2  Copper
Copper is an ancient metal that has been used for several thousands of years. Because of its antibacterial properties, ancient cultures held this metal in high regard. Copper vessels are still in use today for storing drinking water due to their ability to purify water. Corrosion of copper pipes can lead to levels of copper in the drinking water that exceed health guidelines and cause bitter or metallic-tasting water. The US Environmental Protection Agency (US EPA) has determined that copper levels in drinking water should not exceed 1300ug/L. No adverse health effects would be expected if this level is not exceeded. Measures should be taken to reduce exposure to copper if this level is exceeded (Manne et al., 2021).
2.5.3 Iron
Iron occurs naturally in rocks and soil, which are easily dissolved in water. Iron is therefore commonly found in well water. While not a health issue, iron gives water a metallic taste and will stain fixtures and clothing. The amount of iron and the nature of its source point to the most effective treatment approach. Iron is not considered hazardous to health. In fact, iron is essential for good health because it transports oxygen in human blood. The present recommended limit for iron in water is 0.3mg/L (ppm) is based on taste and appearance rather than on any detrimental health effects (Karen and Bradbury, 2021).

2.5.4 Nickel
Nickel may be released into the environment from the stacks of large furnaces used to make alloys or from power plants and trash incinerators. The nickel that comes out of the stacks of power plants attaches to small particles of dust that settle to the ground or are taken out of the air in rain or snow. Food is the major source of exposure to nickel. You may also be exposed to nickel by breathing air, drinking or smoking tobacco containing nickel (Manne et al., 2021).
2.5.5 Lead 
Ingestion of lead (Pb) and other metals such as cadmium (Cd), mercury (Hg), arsenic (As), barium (Ba), and chromium (Cr) may pose great risks to human health. Trace metals such as lead and cadmium will interfere with essential nutrients of similar appearance, such as calcium (Ca2+) and zinc (Zn2+). Lead can substitute for calcium and include bone. Lead that is stored in bone is not harmful, but if high levels of calcium are ingested later, the lead in the bone may be replaced by calcium and mobilized. Once free in the system, lead may cause nephrotoxicity, neurotoxicity, and hypertension (Manne et al., 2021).
2.6     Spatial and Temporal Variations of Water Quality
Spatial variation in water quality is one of the main features of different types of water bodies and is largely determined by the hydrodynamic characteristics of the water body. Water quality varies in all three dimensions, which are further modified by flow direction, discharge and time. Consequently, water quality cannot usually be measured in only one location within a water body but may require a grid or network of sampling sites. The temporal variation of the chemical quality of water bodies can be described by studying concentrations (also loads in the case of rivers) or by determining rates such as setting rates, biodegradation rates or transport rates. It is particularly important to define temporal variability. The temporal and spatial scales of many water quality issues are associated with water residence time; other issues, however, are hardly linked to water residence time or water body size (Meybeck and Helmer, 1992).

CHAPTER THREE

RESEARCH METHODOLOGY

3.1     Overview

This chapter describes the research area, design of data sampling and analysis. 
3.2     Research Strategies

The main method of acquiring information on this research is by laboratory work, where water samples were taken from the river Themi from five different sites with different human activities, which are practised around that site so as to compare the magnitude of water pollution versus human activities.
3.2.1  Description of the Study Area
River Themi is an unseasonal river flowing from Mount Meru through the centre of Arusha city towards the lower levels of the south of Arusha region. The river is situated at coordinates between 36040’0” E and 36045’0” E and between 3015’0” S and 3020’0” S (Kitalika et al., 2018).
3.2.2   Population

The population development of Arusha city according to the census of 2022 is 2,356,255, which is almost 6 times the population recorded in the census of 2012, which had 415,000 people (Tanzania Census, 2022).
3.3     Sampling

The water samples were collected in two different seasons, the dry season (September- October) and the rainy season (March-April). Five different sites were involved in collecting samples with the observation of human activities which are conducted around those sites such as agriculture, residential, forested, industrial, and commercial areas (Table 3.1). 
Table 3.1: Sampling Sites, Location, Elevation and Human Activities
	Sampling station
	Location
	Elevation (M)
	Associated human activities

	Site 1 (Sanawari bridge)
	0244662 E

9628272 N
	1440
	Residences, washing clothes, bathing, trespassing


	Site 2 (Themi Garden)
	0243867 E

9627089 N

	1393
	Forest area (Undisturbed area)

	Site 3 (Darajambili bridge)
	0243777 E

9625973 N

	1362
	Residences, washing clothes, trespassing, breweries waste water pipe, grazing, farming

	Site 4 (Lemara)
	02436363 E

9624937N

	1331
	Residences, washing clothes, grazing, trespassing, stabilization pond.

	Site 5 (Rokii bridge)
	0252355E

9612481N

	1020
	Grazing


The sampling sites of the river were located using Global Positioning System (GPS) Garmin locator. Surface grab water samples were taken in the morning hours between 8 am to 10 am from each site by using separate sterilized sampling containers. The measurement of temperature, pH, and dissolved oxygen was done onsite while analyses of turbidity, total dissolved solids, total suspended solids, heavy metals (Cu, Zn, Ni, Fe and Pb) and bacteriological parameters were carried out in the laboratory immediately after sampling. Samples for analyses of inorganic contaminants were collected in plastic bottles and preserved by acidification using a few drops of concentrated H2SO4, while samples for analyses of organic contaminants were collected in 1L glass sampling bottles with Teflon caps that were precleaned with de-ionized water and thoroughly rinsed with acetone. The samples were filtered and preserved with 100g of 10% NaCl. The sampling was done on-site. 

3.4     Measurement of Physicochemical Parameters
The physicochemical parameters were measured and recorded directly on-site using HANNA® multiparameter model H19829 serial number B0087297 as described by Hellar-Kihampa, (2016). A summary of the analysis parameters and the analytical method used is given in Table 3.2.
Table 3.2:  Analytical Parameters, Abbreviations, Units, and Methods
	Parameter
	Units
	Data Collection instrument/ method 
	Analytical Methods

	Temperature (T)
	((C
	HANNA® multiparameter 
	Celsius

	pH
	pH
	HANNA® multiparameter 
	pH meter

	Turbidity 
	FTU
	Turbidimeter
	Turbidimeter

	DO
	mg/L
	HQ 40d multiparameter
	Probe method

	TDS
	mg/L
	TDS meter
	Probe method

	TSS
	mg/L
	Multimeter
	Probe method

	Zinc (Zn)
	ppm
	GST
	GST

	Nickel (Ni)
	ppm
	GST
	GST

	Copper (Cu)
	ppm
	GST
	GST

	Iron (Fe)
	ppm
	GST
	GST

	Lead (Pb)
	ppm
	GST
	GST


Source: Jahangir et al., (2013)
3.4.1  Determination of Water Temperature

Temperature measurements were done immediately after sampling. The measurement was done with a good mercury-filled Celsius thermometer. As a minimum, the thermometer should have a scale marked for every 0.1 0C with markings etched on the capillary glass (EPA, 1983).
3.4.2  Determination of Water pH

The pH of a sample was determined electrometrically using a pH meter by immersing it in the sample as soon as possible preferably in the field at the time of sampling.  The pH meter was immersed directly in the stream at each sampling site to an adequate depth (EPA, 1983).
3.4.3  Determination of Water Turbidity

Turbidity was determined as soon as possible after sampling. Gently agitation of all samples before the examination was done to ensure a representative measurement. The nephelometric method was used to compare the intensity of light scattered by the sample under defined conditions with the intensity of light scattered by a standard reference suspension under the same conditions. The higher the intensity of scattered light, the higher the turbidity (EPA, 1983).
3.4.4  Determination of Dissolved Oxygen (DO)

The membrane Electrode method was used to measure DO, the most common instrumental probes for the determination of dissolved oxygen in water are dependent upon electrochemical reactions under steady-state conditions, the current or potential can be correlated with DO concentrations interfacial dynamics at the probe-sample interface are a factor in probe response and a significant degree of interfacial turbulence is necessary for precision performance, turbulence should be constant (EPA, 1983). 
3.4.5  Determination of Total Dissolved Solids (TDS)

Analysis of TDS was done as soon as possible after sampling because of the impracticability of preserving the sample. The sample was refrigerated at 40C until the time of analysis to minimize the microbiological decomposition of solids. A well-mixed sample was filtered through a standard glass fiber filter and the filtrate was evaporated to dryness in a weighed dish and dried to constant weight at 1800C. The increase in dish weight will represent the total dissolved solids (APHA (2007). 
3.4.6  Determination of Total Suspended Solids (TSS)

A well-mixed sample was filtered through a weighed standard glass-fibre filter and the residue retained on the filter was dried to a constant weight at 103 to 1050C. The increase in weight of the filter will represent the total suspended solids (APHA, 2007).
3.4.7  Determination of Bacteriological Parameters (E.coli)
 Escherichia coli in water were determined by membrane filtration method using a Simultaneous Detection Technique (MI Medium). An appropriate volume of a water sample (100mL of water) is filtered through a 47-mm, 0.45 um pore size cellulose ester membrane filter that retains the bacteria present in the sample. The filter was placed on a 5mL plate of membrane infiltrating (MI) agar with 2-3 mL of MI broth and the plate was incubated at 350C for up to 24 hours. 
The bacterial colonies that grew on the plate were inspected for the presence of blue colour from the breakdown of chromogen Indoxyl--D-glucuronide (IBDG) by the E.coli enzyme B-glucuronidase and fluorescence under long wave ultraviolet light (366 nm) from the breakdown of fluorogen 4-Methylumbelliferyl--D-galactopyranoside (MUGal) by the total coliforms (TC) enzyme (USEPA, 2002).
3.4.8  Determination of Heavy Metals in Water
An aqua-regia method (concentrated HCl and HNO3) was used for heavy metals extraction (Zn, Ni, Cu, Fe, Pb) based on USEPA method 3051a and the concentrations of heavy metals were measured by Graphite Furnace atomic absorption spectrophotometer (Model novAA400 Analytikjena). 
3.5     Statistical Analysis

Descriptive statistics (range, mean and standard deviations) were computed from the instrumental measurements. Correlation analyses were used to evaluate interrelationships between various parameters (Temperature, pH, DO, TDS, TSS, bacteriology and chemicals) from five sites and nonparametric tests for two independent variables were employed to compare the concentrations of individual elements between the two seasons (dry and rainy). Statistical analyses were performed by using Microsoft Excel. The results obtained from the analysis were presented in the form of graphs and tables.
CHAPTER FOUR

RESULTS AND DISCUSSION
4.1     Introduction
This chapter presents the results, analysis, and discussions of the study of assessment of water quality conducted at Themi River in Arusha city in relation to human activities in dry and rainy seasons. The analysis was geared to find out if there are variations of water quality between two seasons at five different sites along Themi River. 
4.2     Levels of Water Temperature
The water temperature recorded in both seasons was in the average range of 22°C-31°C. The data shown in Table 4.1 indicate the mean value of dry season temperature to be 27.6°C while its range value was 7.6°C. The mean and range values of temperature in the rainy season were 24.2°C and 3.6°C respectively. The variation observed in site 2 (Themi garden) which is an undisturbed site occupied by forests, its temperature was low compared to the other sites, this finding is in line with the report of Helllar-Kihampa (2016) who got similar findings on water temperature which were above 20°C ranging from 21°C - 30.5°C, reflecting the climatic conditions of the area. 
The findings of this study revealed that undisturbed areas correlate well with low-temperature water similar to a study by Chen et al. (2021) who argue that keeping trees in sensitive areas like farms, cities, or other sensitive places might help prevent temperature spikes that harm human health and diminish agricultural productivity.
Table 4.1:  The Analysis Results








	Parameter
	Sanawari Bridge
	Themi Garden
	Darajambili Bridge
	Lemara
	Roki Bridge
	Mean ± SD (range)
	WHO standard

	
	dry season
	wet season
	dry season
	wet season
	dry season
	wet season
	dry season
	wet season
	dry season
	wet season
	dry season
	wet season
	

	Temperature (°C)
	25
	22.4
	23.8
	22.6
	28.7
	25
	29
	25
	31.4
	26
	27.6 ± 3.1 (23.8 - 31.4)
	24.2 ±1.6
(22.4 - 26.0)
	<32

	pH
	7.99
	7.03
	7.75
	7.91
	7.63
	7.73
	8
	7.76
	8.83
	8.1
	8.04 ± 0.5 (7.63 - 8.83)
	7.706 ± 0.4
(7.03 - 8.1)
	6.5-8.5

	DO, mg/L
	7.05
	6.42
	6.89
	7.2
	3.38
	6.72
	6.73
	6.46
	8.97
	6.97
	6.6 ± 2.0 
(3.38 - 8.97)
	6.754 ± 0.3
(6.42 - 7.2)
	6.5-8

	Turbidity, mg/L
	8
	0
	0
	2
	0
	0
	2
	0
	4
	4
	2.8 ± 3.3
 (0 - 8.0)
	1.2 ± 1.8
(0 - 4.0)
	5

	TDS, mg/L
	110
	95.2
	115.8
	111
	206
	146
	184.6
	144
	358
	152
	194.9 ± 100.4 
(110 - 358)
	129.64 ± 25.0
(95.2 - 152)
	300

	TSS, mg/L
	2
	84
	4
	129
	5
	107
	17
	301
	3
	634
	6.2 ± 6.1 
(2 - 17)
	251 ± 230.6
(84 - 634)
	5

	Faecal coliform CFU/100ml
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	>100
	0

	Zinc (Zn), µg/L
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.1
	<0.01
	<0.01
	<0.01
	<0.01
	10

	Copper(Cu), µg/L
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	2000

	Nickel (Ni), µg/L
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	20

	Iron (Fe), µg/L
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	300

	Lead (Pb), µg/L
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	<0.01
	10


This observation indicates that high temperature is also determined by human activities. Chen et al. (2021) assert that several human activities have undesirable effects on the rivers due to massive temperature rise exacerbated by extensive forest loss. Again, a study by Yin et al. (2022) asserts that human activities practised along the rivers have a negative impact on the aquatic biodiversity of the rivers due to the changes in the level of temperature. 
Moreover, Yuan et al. (2023) support the findings that the level of temperature tends to raise along hydrologic routes due to every human activity conducted. Also, the level of temperature has the potential a cyclical and cascading impact on water quality and quantity.
The sampling location was so designed that Sanawari Bridge was the highest in elevation down to Roki Bridge via Themi Garden, Darajambili Bridge, and Lemara in that order. The results revealed variations in temperature during dry and wet seasons. Moving down the river, as the elevation decreased in meters below sea level, the temperature increased in all seasons (Figure 4.1). 
The mean values were 27.6°C and 24.2°C during dry and rainy seasons, respectively with respective standard deviations of 3.12°C and 1.6°C. It was evident that the lower the altitude, the higher the temperature. During the dry season, the temperature dropped by 0.015°C for every meter increase in altitude whereas during the rainy season, the temperature dropped by 0.0075°C for every meter increase in altitude.
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Figure 4.1: Water Temperature During Wet and Dry Seasons
The Paired samples t-test was employed (IBM SPSS Statistics 23) to ascertain if the temperature variability during dry and rainy seasons was statistically significant. The result indicates that t(4) = 4.797, p < .05. Since the confidence interval was 95%, the p–value was less than the significance level of 5%, so the difference was statistically significant.
4.3     Levels of Water pH

The findings on the levels of pH have revealed that the water of Themi River is alkaline because the pH values of collected water samples were within 7.0-8.8. There was no difference in terms of values of mean, range and standard deviation of data taken in two seasons, and the result shows the variation in mean pH during wet and dry seasons. The mean values recorded in the dry season were 8.04 and the range was 1.2 while the mean and range values obtained in the rainy season were 7.7 and 1.0 respectively. This report is in line with the study conducted by WHO (2004) on river water and commended that pH values of measured water samples were within 8.0-8.6 mostly within those defined by WHO guideline of 6.5-8.5, or the average of 7.5. A later study by Hellar-Kihampa (2016) showed that the pH values of the river water studies in the Pangani water basin were near neutral to slightly alkaline (6.77-8.94), or the average of 7.86. 
When one sample t-test was conducted against the WHO standard average of 7.5. It indicated that the pH values were not statistically significant (t(4) = 2.433, p = 0.72 for dry season, and t(4) = 1.661, p = 0.172).
4.4     Levels of Dissolved Oxygen
The study was also interested in studying dissolved oxygen. The findings indicate that the value of the mean is 6.67mg/L and the range is 6 mg/L of dissolved oxygen recorded in the dry season and a mean value of 6.78mg/L and range value of 1 mg/L recorded in the rainy season. It indicates that the water of Themi River has adequate dissolved oxygen for living organisms because is within acceptable standards of WHO which is 6.5-8mg/L. Wei et al. (2019) support the findings by arguing that if the dissolved oxygen concentration is lower than 5% some water species like fish may end up suffocating due to the absence of oxygen. The variation of range value in the dry season seems to be high than in the rainy season, the reason is a climatic condition where the sun during the dry season influenced much evaporation of water and thus remained with little water with a high amount of organic matter and dissolved salts. 
Site 2 was observed with high DO in the rainy season (Figure 3) because the site has cold water which holds more dissolved oxygen than warm water. Similar results were observed from the report of Hellar-Kihampa (2016) who investigated river water and got a concentration of DO ranging between 2.0 and 8.3mg/L. Again, the finding relates to the study by Zhang et al. (2015) who claim that adequate DO is crucial for good quality of water and an ecosystem that is healthy since oxygen is required in water-bodies to support aquatic life. This study aimed at measuring the dissolved oxygen among other things because the same was supported by Geetha and Gouthami (2016); Zhi et al. (2021) that the measurement of DO is significant for aquaculture stations because the DO parameter plays a great role in whether or not a species will survive in a particular water source. Wei et al. (2019).
The analysis shows the comparison of the DO on sites compared to the WHO acceptable values of 6.5 – 8 mg/L (or mean of 7.25mg/L). These findings are also in line with other studies carried out by other authors who show that dissolved oxygen in the particular station ranged between 6.8 and 8.4 mg/L during the dry season, however, DO concentration was slightly down in the wet season ranging from 6.3 and 7.8 mg/L (Fitri et al., 2021). Wahab et al. (2018) are almost in the same line when they recorded a higher DO of 6.05 mg/L during the dry season. 
The study was interested to observe if the variation during dry and rainy seasons is statistically significant, so the one-sample t-test was employed. It was observed that the results are not statistically significant during dry and rainy seasons as t(4) = -646 and p = 0.554 during dry seasons and rainy seasons,  t(4) = -2.871, p = .045.
4.5     Levels of Turbidity

The mean value of turbidity of water recorded in the dry season is 2.8 and the range value is 8 Formazin Turbidity Units (FTU), while the mean and range values recorded in the rainy season are respectively 1.2 and 4 FTU.  These values indicate that the water of Themi River has low turbidity and is at an acceptable limit under WHO standards, which is a maximum of 5 FTU. High turbidity values indicate low water quality while low turbidity means high water quality. WHO (2017) holds that the increase in turbidity reduces the water clarity to transmitted light because it leads light to being scattered and adsorbed.
The distribution of Turbidity during dry and rainy seasons at 5 sites was analysed. It is indicative that during the dry season, the turbidity in site 1 is higher compared to other sites because of increased human activities (washing clothes, and trespassing) and the low flow of water. The same conclusion is true for site 5 which is downstream after the water has passed many settlements.  The findings in site 1 and 5 especially in the dry season reflects the John et al. (2013) study that anthropogenic activities like washing clothes, bathing, agriculture, and cattle rearing tend to rise the turbidity during the dry seasons.  
The turbidity levels are almost constant at all sites in the rainy season (Figure 4.5) because of increased water flow and increased sediments from runoff. Those sites observed with high temperatures are also observed with high turbidity because the particles have the tendency of absorbing the sunlight resulting in less oxygen content leading to hypoxic conditions.
4.6     Levels of Water Dissolved Solids (TDS)

The total dissolved solids during dry and rainy seasons were also analysed. The statistics for these data indicate that the mean and the range for the dry season is 195.5 mg/L and 248 mg/L respectively whereas the mean and range for the rainy season is 130.2 mg/L and 57 respectively. The data show marked mean variations between dry and rainy seasons whereas within the site, the range (and the variance) during the dry season is greater than during the rainy season. 
According to WHO standards, a TDS level of less than 300 mg/L is considered excellent, between 300 and 600 mg/L is good, 600-900 is fair, 900 – 1200 mg/L is poor, and a TDS level of more than 1200 mg/L is unacceptable. The values of TDS obtained are within the acceptable limit, which is 300 mg/L which indicates that the water of Themi is reliable to be used by a human being. 
The higher TDS may indicate higher dissolved inorganic and organic matter in the water due to the low flow of water and make water taste bitter, salty or blackish. Similar results were reported by Hellar-Kihampa (2016) who observed TDS ranged between 48 and 252mg/L, which is within the WHO acceptable standard for drinking water quality. The findings are also backed up by Meride and Ayenew (2016) who assert that a wide range of inorganic and some organic can be dissolved by water producing diluted colour in water appearance as well as unwanted taste. The same study explains that high TDS values might not be harmful to people, however, high TDS concentration may negatively affect people suffering from heart diseases and kidney.
Water has the ability to dissolve minerals or salts such as potassium, calcium, sodium, bicarbonates, chlorides, magnesium, sulfates etc. These minerals produced and.
4.7     Level of Water Total Suspended Solids (TSS)
The distribution of the level of total suspended solids (TSS) values by different sites was compared during dry and rainy seasons. The data indicate marked variations between the two seasons. The mean and range values for the dry season were respectively 6.9 mg/L and 15mg/L, while the same statistics for the rainy season were 252 mg/L mean and 550mg/L respectively. This higher variation is caused by rain in the rainy season, which increased erosion of the banks of the river and suspended particles released from dirt and soil settled out across the water and giving the water a murky appearance. 
The acceptable WHO permissible limit of TSS is 5 which means the TTS of Themi River has a TSS higher than the WHO threshold across the board. Higher TSS can often mean higher concentrations of nutrients, bacteria, pesticides and metals in the water, this study is in line with that of Kitalika et al (2018) who reported that the downstream areas of the river are characterized by bare land, intensive grazing, large scale agriculture and seasonality flooding in the wet season which are more likely to contribute to the addition of pollutants to the river.
4.8     Levels of Eschelia coli (E.coli) in Water (FTU/100ml)
Eschelia coli (E.coli) is a proxy of water faecal contamination. The level of contamination by site and seasons (dry and rainy) was shown to be greater than 100 FTU/100ml. The acceptable WHO standard of E.coli is 0, but the analysed water had more than 100 FTU/100ml of water. This report is similar to the report of Hawkins (2010), who reported on the status of all rivers under the Pangani Basin Water. The report indicated that there were high levels of faecal contamination in rivers downstream of the discharge. The report of Meybeck and Helmer (1992) observed similar cases which indicate more severity of the impairment of use in rivers than in lakes, reservoirs and groundwaters, the report stipulated the severe deterioration of rivers in terms of pathogens, decomposable organic matter and organic micropollutants. Peter (2010) pointed out that the main hazard in Tanzanian’s water sources in all basins includes faecal contamination and waterborne diseases from poor domestic waste management in urban and peri-urban areas.
4.9     Levels of Heavy Metals in Water
In the aquatic environment, the minute quantities of some metals such as Copper, Zinc, Iron and Nickel are essential for biological systems to function, but their excessive concentration can be toxic to living organisms, another metal such as Lead is non-essential and therefore has a toxic effect on living organisms.
The mean value of all investigated five heavy metals (Zinc, Copper, Nickel, Iron and Lead) in Themi River were computed and all the values were within the WHO limits except for a minor variation in Iron in the rainy season, but all show low detection limits in all sites in both seasons. The results imply that the water samples in the investigated sites were not severely contaminated by the elements. The Hellar-Kihampa (2016) report showed similar results to the study which showed that the heavy metals investigated including Zinc, Copper, Nickel, Iron and Lead, were below the detection limits of the method, which implies that the water samples in the investigated locations were not so much contaminated by these elements. 
4.10     Magnitude of Pollution Compared to Human Activities 
 Different human activities are practiced along and within the river Themi. It is indicative that there is a high relationship between human activities and the magnitude of pollution irrespective of whether the season is dry or rainy.

Table 4.2: Water Pollution (Average Values) in Relation to Human Activities at Five Sites
	Site
	Associated human activities
	Temp (°C)
	pH
	DO (mg/L)
	Turbidity (FTU)
	TDS (mg/L)
	TSS (mg/L)
	Faecal coliform (FTU/100ml)
	Heavy Metal (g/L)

	1
	Residences, washing clothes, bathing, trespassing
	23.7
	7.6
	6.7
	4
	103
	44
	>100
	<0.01

	2
	Forest area (Undisturbed area)
	23.2
	7.8
	7.1
	1
	114
	67
	>100
	<0.01

	3
	Residences, washing clothes, trespassing, breweries waste water pipe, grazing, farming
	26.9
	7.7
	5.1
	0
	177
	56.5
	>100
	<0.01

	4
	Residences, washing clothes, grazing, trespassing, stabilization pond.
	27
	7.9
	6.6
	1
	165
	160.5
	>100
	<0.01

	5
	Grazing
	28.7
	8.5
	8.0
	4
	255.5
	319.3
	>100
	<0.01*


* The level of Iron during the rainy season was <0.27 at site 5

The pollution of water occurred in all 5 sites and the polluted water increase downwards the river this makes the whole river to be contaminated though the exception is at site 2 which is a reserved area (forested) and it is free from human activities. The results confirm the results reported by Kitalika et al., (2018) that though there are variations in exposure and possible contamination at Themi River water, the variations of contaminations are minimal. It asserted that the Themi River water has a low level of determined heavy metals, which are Zn, Cu, Pb, Fe and Ni, but higher contamination with pathogens (E.coli) caused by the presence of faeces in water from human and domestic animals. The WHO (2012) report states that a total of 58 countries from all continents reported a cumulative total of 589,854 cholera cases in 2011, representing an increase of 85% from 2010, the greatest proportion of cases reported from the Islands of Hispaniola and the African continent. 
More pollutants are coming from human activities than natural ways of water pollution such as rock disintegration. Sites 1,3,4 and 5 are free-entered sites, which developed trespassing of people and animals, people cultivating along the river, washing, and bathing regardless of the high level of pathogens present in the river. These results are similar to the report of Romeo and Gupta (2016) who reported that human activities related to extensive urbanization, agricultural practices, industrialization and population expansion have led to water quality deterioration in many parts of the world. Kitalika et al., (2018) also reported that close to the river there are mixed peasants’ agriculture and human settlements, which are likely to subject pollutants in the river like pesticides and agrochemicals. Plate 1, Plate 2, and Plate 3 show the sites along Themi River with human activities.
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Plate 4.1: Themi River at Sanawari Bridge in the Dry Season
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Plate 4.2: Themi River in the Rainy Season (Site 5, Rokii Bridge)
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Plate 4.3: Themi River Human Activity (Washing) at Rokii Bridge
CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS
5.1     Introduction
This chapter involves the conclusion of the findings and recommendations from the findings. The research title was to assess the quality of water of river Themi in Arusha city in relation to human activities. The conclusion of the study relates to the study variables as well as the research rationale. Recommendations for the study are drawn from the conclusion of the study. 
5.2     Conclusion
The findings of the study of assessment of water quality at Themi River in Arusha City reject the null hypothesis but accept the alternative hypothesis, which concluded that there are effects on water quality in areas with higher human activities.
The water of the river is good for some parameters investigated but not all, water is of good quality in terms of pH, turbidity, dissolved oxygen, total dissolved oxygen and low levels of heavy metals studied (Zn, Cu, Fe, Ni, Pb), but higher in pathogens (E.coli) and total suspended solids (TSS).
The study concluded that sites 1,3,4 and 5 were free-entered sites, which developed trespassing of people and animals. Due to this free-centeredness, human activities were taken and thus the study informs more on the human activities, which deteriorate the water of the river organically rather than inorganically. The study concluded that the faeces of humans and animals are more pollutants than chemicals and physic-chemical pollutants. All sites with free entrance or minimum restriction of human activities to the river have more pollutants than those that which restricted to human activities which means the magnitude of pollution goes together with human activities practiced in that particular site.
The study also concluded that people living adjacent to the river are taking care of practiced activities along and within the river, which add chemicals directly to the water but practicing activities, which add more pathogens in the river such as E.coli. Again, the study was of the view that there is a need to put into consideration the variation observed in different sites in terms of temperature. The conclusion was drawn that there is a need to maintain and conserve the environment around us since site 2 (Themi garden) which is an undisturbed site occupied by forests was found to have low temperature compared to the other sites which were disturbed by human activities. It was also concluded that excessive concentrations of heavy metals in the aquatic environment must be controlled since they are toxic to living organisms.

5.3     Recommendations
Themi River is a river that economically, socially and ecologically very potential, therefore more efforts should be based on protection through regular patrol to control human activities, which deteriorate this precious resource.
As far as it is known that human activities are the ones, which contribute more to polluting the river, there should be minimal entrance and trespassing along and within the river.

People living adjacent to the should be advised and reminded of proper uses of the river by taking water outside from the flow of the river to allow the clean flowing of water as they move downwards. All human activities such as washing clothes, throwing garbage in the water and taking baths should strictly be prohibited and punishable by law. 
Management of the river should enforce laws and regulations of different acts concerned through penalties to those who violate laws and regulations on conserving water sources while monitoring changes in the river.
Above all these findings should inform the Arusha Water Supply Management to set a well-strategized mechanism and also raise awareness among the people around water sources and along the rivers. This kind of awareness should make people informed on the long-term effects of water source destruction. This will also mean empowering them with the necessary knowledge they need to keep and protect their environment.
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