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ABSTRACT

This study appraised the effects of the effluents from industrial, domestic on water quality in Karanga River. Specific objectives were to examine the variations of physical–chemical-biological parameters in water from Karanga River and identify the health problems of the people living near the river. The study employed both quantitative and qualitative methods. It involved purposive water sampling from two selected points along Karanga River stations, one from its point source and the other to the consumer level at Shirimatunda ward for comparisons. Water samples from Karanga River were collected and analyzed in the MU W SA laboratory. Standard water and wastewater analysis methods were used for Turbidity, Temperature, TDS and EC, Color, PH, DO and TSS and Total Coliforms. The results of parameters such as Color (81.88 ± 2.59 TCUs) & Total Coliforms 712.5 CFU/100 ml collected from Karanga River in both February and April were above the TBS (2016) that are (1-50 TCUs, 500 CFU/100 ml) and WHO (2016) which are (10 TCUs, 500 CFU/100 ml) permissible limits indicate that pollution stems from domestic and industrial effluents. While other parameters like turbidity, temperature, TDS, TSS, pH and DO collected from Karanga river in both February and April were within TBS, WHO (2016) and FAO (2008) permissible standards and have no restrictions on use. It is recommended to treat the wastewater before discharge into Karanga River. The use of constructed wetlands as a natural treatment method is crucial in addressing the problem of water quality pollution. The approach needs to plant the reed plants with vegetation with defined filter material and the direction of wastewater flow. 

Keywords: Water quality, physical-chemical-biological parameters, Effluents, River Karanga-Mosh Municipality-Kilimanjaro, Polluted river Water treatment.
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CHAPTER ONE

INTRODUCTION

1.1 
Background information

Water is essential to all life forms; it makes up 50-97% of the weight of all plants and animals and about 70% of the human body. Water is also a vital resource for agriculture, manufacturing, transportation, domestic and many other human activities (Phiri et al., 2005). Clean, safe and adequate freshwater is vital to the survival of all living organisms and the smooth functioning of ecosystems, communities, and economies. But the quality of the world’s water is increasingly threatened as human populations grow, industrial and agricultural activities expand and cause major alterations in the hydrologic cycle (Palaniappan et al., 2010). A healthy aquatic ecosystem depends on the biological diversity and Physico-chemical characteristics of water. Aquatic ecosystems are affected by several wastes that significantly deplete biodiversity. 
The loss of biodiversity and its effects are predicted to be greater for aquatic ecosystems than terrestrial ones. Water pollution significantly affects human health, the balance of aquatic ecosystems, socio-economic development and prosperity (Vaishali and Punita, 2010). Water pollution refers to the contamination of water bodies, lakes, rivers, oceans, aquifers and groundwater, usually due to human activities (Moss, 2008). Water pollution is caused by introducing contaminants into the natural environment, either intentionally or not intentionally (Moss, 2008). For example, releasing untreated wastewater into natural water bodies can lead to the degradation of aquatic ecosystems (Zingundu, 2015). Damaging ecosystems by commercial fishing, agricultural activities like the use of pesticides, and recreational and cultural values associated with rivers, lakes, groundwater and marine waters can lead to public health problems for people downstream (Duggal, 2011). Standard physical-chemical and biological limits of water are basic considerations for human health (FAO, 2005). Contamination of water makes physical-chemical and biological limits of water substandard as a result, the emphasis on the fact that safe, accessible water for all is an essential part of the world for humankind to live remains an unrealized dream, as millions of people, including children die every year due to consuming contaminated water, by diseases such as diarrhoea and cholera and inadequate water (Patil et al., 2012). 
Globally it is evident that more than 2 billion people are living with the risk of reduced access to freshwater resources, and by 2050, at least 25% of people are likely to live in a country affected by chronic or recurring shortages of clean and safe water (FAO, 2008). There are different important sources identified to be causes of water pollution. These include industrial effluents, town and city overpopulation, agricultural activities, waste disposal as manure and chemical application like pesticides (Saria, 2015). The identified sources can diffuse into surface and ground water due to soil infiltration, rainfall and surface runoff from agricultural land. If not controlled, such diffuses lead to considerable variations in the contaminant load of water over time (Gumbo, 1985). Water contamination threatens food security, energy production, environmental integrity and the health of humans. Likewise, there are water use conflicts between different sectors of the economy.

The primary focus of this study is to undertake a comprehensive evaluation of river Karanga's water quality for drawing a road map for water quality monitoring and public health safety in Moshi Municipality through the determination of physical and chemical parameters and then to evaluate how drains discharge may influence water quality. Water quality assessment is the overall evaluation of the physical, chemical and biological nature of the water, whereas water quality monitoring is the collection of the relevant information (Bartram and Balance 1996).

In developing countries, this pollution often goes undetected because monitoring is expensive (Corcoran 2010). In Tanzania, 80% of the industries are located in urban areas. By EPA standards, Tanzanian industries are highly polluting, the main reasons being that there are very few industries in the country which have incorporated provisions for treating the wastes they generate. The factories have been built without including technologies which help to reduce waste (Mkuula, 2004). While most people in urban areas of developing countries have access to piped water, rural areas still rely on boreholes and river water for domestic use. 90% of all wastewater (effluent) from industries in developing countries is discharged untreated directly into rivers, lakes or the oceans, where they pollute the usable water supply (Phiri et al., 2005; WWAP, 2009, Corcoran et al., 2010). 
Industrial effluents may contain heavy metals like mercury, chromium, lead and cadmium; salts of cyanide, nitrite and nitrate; organic matter, micro-organisms and nutrients; and toxic chemicals such as pesticides (Mkuula, 2004). Effluent is defined by U. S. EPA (2006) as wastewater treated or untreated that flows out of a treatment plant, sewer or industrial outfall. Unmanaged wastewater can be a source of pollution and a hazard to the health of human populations and the environment (Corcoran, 2010). The outbreaks of water-borne diseases like cholera, hepatitis, dysentery, and other possible, health effects due to polluted water (Brown et al., 2008). Globally, 2 million tons of sewage and industrial and agricultural waste is discharged into the world’s waterways. At least 1.8 million children under five-years-old die every year from water-related diseases, especially diarrheal (Corcoran et al., 2010). The underlying causes of 88% of diarrheal cases are unsafe water, inadequate sanitation and poor hygiene. Worldwide, 2.2 million people die yearly from diarrheal disease, while over half of the world’s hospital beds are filled with patients suffering from water-related diseases (Corcoran et al., 2010). In many instances, wastewater from industries does not only drain directly into rivers and lakes but also seeps into the ground contaminating aquifers and wells. 

1.1.1
 International Water Quality Monitoring Programme

The activity of monitoring and managing the water resources all over the world is under the Department of Water Affairs; it shows that this time, quality may is a very important factor than quantity as compared to the availability of water in some areas. So that, a water quality monitoring program is more important in water resources management. It solves water supply problems with structures and maintains the quality of water.

 International Water Quality Monitoring Programme is also connected with water quality monitoring. To make sure an agency supplies sufficient and quality water which can meet the needs of end water users, sufficient and compatible management tools must be implemented by an agency to effectively control water quality. The program also provides information relative to management tools, such as that information that comes from water quality monitoring. We have the tools that deal with water quality management in  international level that are the effluent standards in which river water quality is irrelevant, then receiving water quality objectives, in which river water quality is critical. 

Also, we saw in an International Water Association (IWA) how it effectively finds worldwide solutions to the world's water challenges. There is a network of water professionals and companies, also members of the International Water Association, that are leading in water services like infrastructure engineering and consulting. On an international level, also have Water Policy International, which has unique experience and an international reputation for controlling the water supply industry and other water-using sectors. It provides authoritative analysis, advice on water issues, and making policy through the Clients. 

1.1.2 
Water Resources Management and Catchments in Tanzania

Tanzania has several laws, tools, frameworks and strategies intending to reduce these hazards from industries and to protect human health and the environment. But they are largely non-functional due to a lack of effective enforcement. We have Water Utilization and Control Act (1974); there are some sections which Prevention and Control Water Pollution like Prohibition of Water Pollution S. 109 Any person who knowingly puts or permits to be put or to fall or to be carried into any stream, so as either only or in combination with other similar acts of the same nature or interfere with its due flow or pollute its waters, or puts solid refuse of any manufactory or manufacturing process, or puts solid refuse of any manufactory or manufacturing process, or puts any rubbish or any other waste or any solid matter into such a stream, commit an offence.  Any person who causes to fall or flow or knowingly permits to fall or flow or to be carried into any stream any poisonous, noxious or polluting liquid proceeding from any factory or manufacturing process commits an offence.
It shall be the duty of every organization and individual producing, transporting, trading, using, storing or disposing of chemicals, oil, toxic substances, and inflammable or explosive substances to comply with the regulations prescribed by the minister on safety for human and living beings and avoid causing environmental degradation.  Prohibition of Water Pollution S. 110
No person shall discharge any hazardous substance, chemical, oil or mixture containing oil in any waters or other environment segment except following guidelines prescribed under EMA, 2004 or any other written law. Any person who contravenes the above provision commits an offence. Apart from the punishment provided, the person convicted of an offence may be ordered by the court:
To pay the cost of removal, restoration cost of the damage 

Pay the cost of third parties in the form of reparation, restoration, compensation

Article 103 – Polluting Inland Water by Dumping

Anyone who pollutes inland water masses by dumping, spilling or depositing chemicals of any nature that may cause or increase water pollution is punished by a fine ranging from two million (2,000,000) to five million (5,000,000) Rwandan francs and imprisonment ranging from two (2) months to two (2) years or one of these penalties. 

In the case of recidivism, such a penalty is doubled. The offender may be required to rehabilitate the polluted place. 

Competent authorities may, in case of negligence, refusal or resistance, proceed to rehabilitate it but at the expense of the offending party.

National Water Quality Assessment Programme

This tool is concerned with the quality of receiving water; it is essential because it assesses existing water quality in rivers and streams. It describes the meaning of water quality from the rivers and streams. Effectively and Cleary information is required to describe the current water quality and how it changes over time and location. And we see the water supplied by dams is strongly affected by the quality of water from the rivers and streams. So the tool shows and gives information necessary for monitoring and evaluating the system by using the strategies. No system that exactly conforms to these requirements is in place in Tanzania, but some of the functions are met by existing river monitoring.
National water policy (Tanzania) 

This framework has some principles and laws to manage water in the long-term. It also has some plans which help to fix long-term challenges regarding water resources in Tanzania. We both know that decisions made today will potentially have an impact for better or worse over many generations of the future. National Water Policy is an implemented consultancy to help clients to make a wisely decisions and also find Cleary solutions to current and future challenges in Water resources. National water policy (Tanzania) Pagination IV, 46 p. 2000-08-01
1.1.3 
Water Quality Monitoring, control, and management at the Regional level.
Regional monitoring programmes deal with water quality within a region and certain zone in Kilimanjaro. This program only deals with monitoring and controlling the quality of water especially from the rivers and streams the programmes can be introduced or changed in response to specific water quality problems identified in a certain system, therefore, Kilimanjaro under Pangani basin monitoring systems to isolate the causes of changes in the water quality and quantity within a region. This monitoring can be short, medium, or long-term, and it is controlled by authorities responsible for following Water Act. In the Kilimanjaro region, Pangani water basin office takes control of that. 

Pangani water basin has set variables measurements, and the location of sampling sites can be taken in different sites to assess and monitor the programme. The regional monitoring system is essential because it monitors the systems and tells us about the water quality in the region, and it also tells us why it is important to keep and not compromise on the water quality. 

In Kilimanjaro, over the years, river Karanga's quality has deteriorated because of mushrooming, small industries, vegetable gardens, flowers and oil spills due to regular motor accidents in the notorious Moshi - Arusha highway. The Mailsita and Kwa Sadala sections of the river are rich in agricultural practices, which may contribute to elevated levels of chemical parameters. Anthropogenic sources due to volcanic-rich soils are another source of elemental pollution of the river occasioned by surface runoffs during the rainy season and water drainages from car washing industries. Therefore, this study is one of the first in-depth investigations of water quality resources in the Karanga water basin. Karanga River is located the Southwest of Mount Kilimanjaro and drains water from the western slopes of the Mountain.
 It is about 40.66 kilometers long and is fed by Msoo, Lombanga and Umbwe River upstream. At the same time, Weruweru River joins Karanga River downstream then discharge its water into Kikafu River and later joins Kikuletwa River and discharge its water into Nyumbaya Mungu dam. The effluents from some human activities, agriculture, runoff and industries are channelled into Karanga River.

In recent years, Pangani Basin Water Office (PBWO) work has focused on water use efficiency, public participation in decision-making, and reducing water pollution. Quality of water in Pangani basins because of increases in population, several new irrigated agriculture projects, industrial growth, etc. Pollution can be expected to continue without well-conceived interventions to address this problem. It could even intensify population, several new irrigated agriculture projects, municipal wastewater and industrial growth. Karanga River is an important river in Kilimanjaro and the other neighbouring regions. Apart from being used in agricultural and industrial activities, it is source of domestic water supply for the about 700 population of the region. Running close to the sugarcane plantations at some points, the river receives agricultural runoffs, effluents and agrochemical inputs. The poor water quality of rivers and spring water affects irrigation water quality. In the last century, surface water resources have been polluted to such levels that they could no longer be used in agricultural irrigation (Simsek and Gunduz, 2007). The quality of irrigation water directly influences the quality of the soil and the crops grown on this soil. Poor irrigation water quality hurts public health (Qadir et al., 2007; Listkas et al., 2010; Muthana, 2011).
1.2 
Statement of the problem

Most Sub-Saharan African rivers are the primary means for disposal whether treated, untreated or partially effluents from industries, agriculture and domestic runoff near them. The water demand is snowballing in most of Sub-Saharan African (SSA) and Tanzania is no an exception due to rapid population growth, industrialization and urbanization. These factors cause water resources to be over-exploited and polluted, leading to water shortages, and therefore approximately 1.8 million people perish annually due to ingesting contaminated water (Aschermann et al., 2016). River Karanga, which is 40.66 km long, is the main water source for several activities such as domestic purposes, and irrigation of crops like maize, coffee and sugarcane to the people who are living near it, supporting about 7,000 population of the region. Unfortunately, it receives a heavy loads of industrial wastes from several industries, agricultural runoff from nearby farms and domestic runoff due to the increased the population around the river that might cause the interference with the water quality. 
This increases organic wastes and nutrients hence eutrophication which later causes low dissolved oxygen with an unbalanced ecosystem, fish mortality, odours and aesthetic nuisances in the aquatic systems. River Karanga and its tributaries are under pressure of pollution from agrochemicals, and physical and other domestic wastes, variably affecting water quality and health of water users (Mesia, 2019). In 2020 to the current agricultural area had expanded alongside the river compared to before was only done upstream due to the increase in population from 4,485 in 2012 to 5,488 in 2021 at Shirimatunda (URT), then Bonite bottlers have increase production by increasing machines from 3 to 7 which tend to increase pollution in liver Karanga due to discharge their wastewater into a liver. To ensure quality water and human health, this study intends to assess physical chemical and bacteriological parameters of great Karanga river water and other water systems around the area and its implication for human health.

1.3
 Justification/Significance of the study 
Water quality pollution could occur rapidly on the receiving rivers if attention is not paid to the quality of the effluents. It is acceptable to discharge industrial effluents into a water body only when parameters of the effluent are within the maximum permissible standards of TBS (2016), FAO (2008), WHO (2016) and EPA (2008).
The results and recommendations of the study will be used towards reducing water quality deterioration that will be provided to all stakeholders: the Public, the Study area, LGAs, Policy makers & other researchers for sustainable river water management. The results obtained are also helpful for baseline data for a future plans on pollution control measures of the rivers and quick assessments of the impacts of the existing situation. The findings will help the community around Karanga river to know the prevalent health problems in the area, physical-chemical and bacteriological parameters of Karanga river and other associated water systems. 
Also, know the impact of their activities along the river on getting quality water, and its the implication for their health. The study also intended to serve as a future reference not only for beneficiaries in Moshi District but to other areas where the study has been poor and for other researchers who like to know about the assessment of the physical-chemical and bacteriological parameters of Karanga River water in Shirimatunda and its insinuation to human health. Kilimanjaro municipality faces the problem of water pollution in many areas. The government, policy makers, private and public institutions, individual and other stakeholders of construction sector must seek ways to address and control all aspects or conditions that lead to the increase of pollution in the water. 
It should be emphasized (people should see the importance) that water pollution mitigating measures should be employed at all non-point and point sources of pollution this, including agriculture, industrial and municipal. To that effect, developing strategies, education and information provision to planners and developers on the mitigating measures for water pollution is of utmost importance. The researcher believes that the study will be of much value in helping the management and decision-makers of the PWBO to know the implications of identified issues on their strategic improvement of the firm since, by analyzing this information, the institution would be able to better design schemes & services. This study helps to identify how climatic change will affect the quality of water, like rain and dry seasons. Also, it will help researchers to identify viable areas for further research, to be used as an additional reference to researchers on water quality improvement more specifically, the study will enable the researcher to fulfil the requirement for the Masters in Environment health.

1.4
 Objectives of the Study

1.4.1 
General objective
The general objective of this study is to appraise the water quality at River Karanga in Moshi Municipality Kilimanjaro, Tanzania.

1.4.2    Specific objectives
(i) To determine the mean values of physicochemical and bacteriological parameters along Karanga River.

(ii) To examine variations ofphysical–chemical, and bacteriological parameters over a space or distance from its point source to the consumer level at Shirimatunda ward.

(iii) To examine the variation of physicochemical and bacteriological parameters in water from Karanga River across different seasons of the year between February through April.

(iv) To identify health problems facing the community of Shirimatunda division associated with the consumption of water sources from Karanga River.

1.5 
Hypothesis of the study

i. The mean values of physico-chemical and bacteriological measured parameters are within TBS (2016), WHO (2016) and FAO (2008) standards along Karanga River.
ii. There is no significant variation in the mean values of physico-chemical and bacteriological measured parameters from a point source to the consumer’s level.

iii. There is no significant variation in mean values of physico-chemical and bacteriological measured parameters from Karanga River between February and April. 

iv. There are no prevalent health problems in community around Shirimatunda division associated with the consumption of water sources from Karanga River.
1.6
 Scope and limitation of the study 
The research will concentrate on the assessment of water quality along Karanga River within Kilimanjaro region, Tanzania, from its point source to the consumer level at Shirimatunda ward. Sample collected in two different seasons, the dry season and rainy season months of February (Dry season) and April (Wet season) 2021. Research focused on determining the values of physicochemical and bacteriological parameters that are are Turbidity, Temperature, Color, total dissolved solids (TDS), total suspended solids (TSS),  Electric conductivity (EC), PH,  Dissolved oxygen (DO) and Total Coliforms (TC) from Karanga river. The study also focused on determining the variation of the same parameters along Karanga River. Furthermore, the study also examines prevalent health problems in the community around Shirimatunda division associated with the consumption of water sources from Karanga River. The researcher chose this river because it is surrounded by many activities like industrial, agricultural and municipal, Bonite bottles, china paper, and Serengeti breweries are some of the industries that discharge their wastewater into the Karanga River. Also, this area contains a population and still growing up.

1.7
 Conceptual framework

Water quality is one of the most pressing environmental concerns facing many parts of the world. Tanzania has a huge number of rivers, lakes, ponds and seas. All these water bodies play the simultaneous role of Source and Sink. They act as a source by providing Water on a regular basis to fulfil all the necessities. After a long journey of this water through various processes, it turns into Wastewater, which requires treatment. This wastewater is then treated at the Treatment Plants, and the treated effluent is disposed into the sink. This whole cycle degrades the water quality to an extent where a need has arisen to bring into action the Water Quality Trading (WQT) concept. Water quality degradation Damages rivers in many regions worldwide. Currently ecological river restoration has increased and become a promising way to recover impaired river systems in terms of ecosystem structure and functions, river restoration planning and efforts must target the main contributing factors that have exerted the most significant pressures and impacts on river ecosystems to accomplish this.
This study will have been done by the modified DPSIR framework (Drivers, Pressure, State, Impact and Response) to assess the river water quality degradation by agricultural, domestic and industrial effluents. It is assumed that water pollution involves a chain of causal links starting with ‘drivers’ (industries, agricultural, domestic wastewater) through ‘pressures’ (discharging of untreated or poorly treated industrial, agricultural, domestic wastewater to the river) to ‘states’ (water quality degradation, scarcity of freshwater) and ‘impacts’ (health risk, ecological degradation), then leading to ‘responses’ (sustainable option for industrial agricultural, domestic wastewater, education, engineering solution, treatment of wastewater before the discharging to the receiving water and policy implementation (Frostell, 2012).
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Figure 2.1: The conceptual framework for the effects of industrial, agricultural, and domestic effluents in Karanga river (Source: Adopted and modified from Xingjian song, 2012).
CHAPTER TWO

LITERATURE REVIEW

2.1
 Introduction
This chapter reviews the works done by scholars in the area of river water pollution by industrial, agricultural and municipal effluents and its effects on biological and ecological systems. The chapter also identifies research gaps left by other scholars.

Due to the increased pollution of watersheds in Tanzania caused by the Discharge of untreated or partially treated industrial and domestic disposal of solid wastes, population, flow, and use, which often affect the quality of water, mostly coming from human activities which are sewage system, urbanization, mining activities and industrialization (MUWSA, Peters and Meybeck, 2000).
2.2
Definition of the concepts

2.2.1
 River Water Pollution
Water pollution can be defined as any physical, chemical or biological change in water quality that adversely impacts living organisms in the environment or makes a water resource unsuitable for one or more beneficial uses (UNEP/WHO, 2010). Globally almost nine hundred million people lack access to safe drinking water. Water quality is affected by changes in nutrients, sedimentation, temperature, pH, heavy metals, non-metallic toxins, persistent organics, pesticides, and biological factors, among many other factors Chikogu et al.,(2012). Dealing industrial, domestic and runoff into water bodies is one of the main causes of environmental pollution in many cities, especially in developing countries. According to WHO/UNICEF (2010), Water pollution has become a common problem in all urban areas in Tanzania, particularly in rainy seasons. Major water pollutants include microbes, nutrients, heavy metals, organic chemicals, oil and sediments; heat, which raises the temperature of the receiving water, can also be a pollutant. Sewage and wastewater: Sewage, garbage and liquid waste of households, agricultural lands and factories are discharged into lakes and rivers. Water pollution happens when toxic substances enter water bodies such as lakes, rivers, oceans and so on, dissolved in them, lying suspended in the water or depositing on the bed. These wastes contain harmful chemicals and toxins which make the water poisonous for aquatic animals and plants. 

2.2.2
Degradation of water quality

Water pollution is a global problem and one that does not respect national boundaries. In many areas of the world, water resources are shared transnationally but not managed jointly and consequently, there are no prior principles to guide partners as to how much each of them can utilise from common water resources and for what purposes (Kliot, Shmueli, & Shamir, 2001, p. 231). In certain circumstances, conflicts may arise because national interests differ and nations develop diverging policies and plans that are not compatible (Savenije & van der Zaag, 2007). In general, many obstacles complicate the management of water resources. These obstacles arise for two main reasons: first, because of the critical importance of water for human existence and second, because of its many uses – for drinking and domestic purposes, irrigation, fishing and navigation, hydropower generation, flood management, recreation, tourism and preservation. Various uses are often in conflict with one another, and the satisfaction of one obstructs the fulfilment of the other (Kliot et al., 2001). Other major difficulties in managing transboundary water resources are their sheer scale and the frequent gaps between policies, plans and practices (Savenije & van der Zaag, 2000).

Water quality degradation is lower in character or quality (Elliott et al., 2011).
 Water quality degradation is mostly a result of diffuse-source contaminants and the spatial and temporal variability associated with these sources. How pollution spreads out over time downstream of point sources also presents challenges to those managing water resources. The effects of degraded water quality are if drinking water contains unsafe contaminants. It can cause health effects, such as gastrointestinal illnesses, nervous system or reproductive effects, and chronic diseases such as cancer. A river is defined as a large natural stream of water emptying into an ocean, lake, or other body of water and usually fed along its course by converging tributaries. Rivers and streams drain water that falls in upland areas. Moving water dilutes and decomposes pollutants more rapidly than standing water, but many rivers and streams are significantly polluted worldwide. A primary reason for this is that all three major sources of pollution (industry, agriculture and domestic) are concentrated along the rivers. Industries and cities have historically been located along rivers because the rivers provide transportation and have traditionally been convenient places to discharge waste. Agricultural activities have tended to be concentrated near rivers because river floodplains are exceptionally fertile due to the many nutrients deposited in the soil when the river overflows.

The quality of river water in rivers depends on several interrelated factors. In its movement on and through the surface of the heart, water can react with the minerals that occur in the soil and rocks and dissolve a wide range of materials so that its natural state is never pure. It always contains a variety of soluble inorganic, soluble organic and organic compounds. In addition to these, water can carry large amounts of insoluble materials that are held in suspension. Both the amounts and type of impurities found in natural water vary from place to place and by the time of year and depend on several factors. These factors include geology, climate, topography, biological processes and land use. The impurities determine the characteristics of a water body. Water pollution destroys important food sources and contaminates drinking water with chemicals that can cause immediate and long-term harm to human health. Water pollution also often severely damages aquatic ecosystems. Rivers, lakes, and oceans are open sewers for industrial and residential waste. Pesticides, herbicides, oil products, heavy metals (such as mercury, lead, and zinc), detergents, and industrial wastes can kill aquatic organisms outright or make the environment so inhospitable that species can no longer thrive. For instance, water pollution threatens 90% of the endangered fishes and freshwater mussels in the US.

Unlike terrestrial dumps, whose effects are primarily local, toxic wastes diffuse over a wide area in aquatic environments. Many aquatic environments are naturally low in essential minerals, such as nitrates and phosphates, and aquatic species have adapted to the natural scarcity of minerals by developing the ability to process large volumes of water and concentrate these minerals. When these species process polluted water, they concentrate toxic chemicals along with the essential minerals, which can eventually poison the plant or animal. Species that feed on these aquatic species then ingest these high concentrations of toxic chemicals.

Essential minerals beneficial to plant and animal life can become harmful pollutants at higher levels. Human sewage, agricultural fertilizers, detergents, and industrial processes often release large amounts of nitrates and phosphates into aquatic systems, causing cultural eutrophication. For instance, humans release as much nitrate into the environment as all natural processes, and this input is expected to increase in tandem with the increasing human population. Even small amounts of these nutrients can stimulate plant and animal growth. High concentrations often result in thick algae blooms at the surface of ponds, lakes, and coastal areas. 
These algal blooms may be so dense that they outcompete with other plankton species and shade out bottom-dwelling plant species. As the algal mat becomes thicker, its lower layers die and sink. Bacteria and fungi decompose the dying algae, absorbing all the oxygen in the water. Without oxygen, much of the remaining animal life dies off, sometimes visibly in the form of dead fish floating on the water's surface. The result is a greatly impoverished and simplified community consisting of only those species tolerant of polluted water and low oxygen levels. The spreading dead zone where the Mississippi River enters the Gulf of Mexico is an example of the direct consequences of water pollution. Such dead zones are increasing in number and size around the world as a result of human activities.

British poet W. H. Auden once noted, “Thousands have lived without love, not one without water.” Yet while we all know water is crucial for life, we trash it anyway. Some 80 percent of the world’s wastewater is dumped-largely untreated-back into the environment, polluting rivers, lakes, and oceans.

This widespread problem of water pollution is jeopardizing our health. Unsafe water kills more people yearly than war and all other forms of violence combined. Meanwhile, our drinkable water sources are finite: Less than 1 percent of the earth's freshwater is accessible to us. Without action, the challenges will only increase by 2050, when global demand for freshwater is expected to be one-third greater than it is now.

2.3 
Causes of water pollution

Degradation of water quality is a major issue in Tanzania. The severity of water quality problems in Tanzania varies among different water bodies depending on: Discharge of untreated or partially treated industrial and domestic, disposal of solid wastes, population, flow, and use, which often affect the quality of water mostly coming from human activities which are sewage system, urbanization, mining activities and industrialization (MUWSA, Peters and Meybeck, 2000). Pollutants are discharged directlyly into the river and make some of the chemicals found in freshwater, like Ammonia, nitrogen, chlorine, lead, magnesium, phosphate, sulphate and copper, which are from common human activities.

The point source of water pollution is coming from Industries. Anthropogenic factors such as agricultural development, population growth, urbanization, industrialization, and market policy failures, have been identified as the root causes of water pollution (UNEP, 2006, 2008).  Wastewater from industrial facilities and all related activities contribute to poor water quality worldwide. In developing countries, the situation is too bad, where over seventy percent of untreated industrial effluents are discharged into surface water sources, polluting the usable water supply (WWAP, 2009). 

Water pollutants are categorized as point  or nonpoint source, the former being identified as all dry weather pollutants that enter watercourses through pipes or channels. Storm drainage, even though the water may enter watercourses by pipes or channels, is considered nonpoint source pollution (Linda Schweitzer 2017).  Other nonpoint source pollution comes from farm runoff, construction sites, and other land disturbances. Point source pollution comes mainly from industrial facilities and municipal wastewater treatment plants. The range of pollutants is vast, depending only on what gets “thrown down the drain.” (James Noblet, in Green Chemistry, 2018).

Oxygen-demanding substances, such as might be discharged from milk processing plants, breweries, or paper mills, as well as municipal wastewater treatment plants, make up one of the most important types of pollutant because these materials decompose in the watercourse and can deplete the water's oxygen and create anaerobic conditions. Suspended solids also contribute to oxygen depletion; they create unsightly conditions and can cause unpleasant odours. Nutrients, mainly nitrogen and phosphorus, can promote accelerated eutrophication, and some bio-concentrated metals can adversely affect aquatic ecosystems and make the water unusable for human contact or consumption, Linda Schweitzer, James Noblet, in Green Chemistry, 2018).

Heat is also an industrial waste that is discharged into the water; heated discharges may drastically alter the ecology of a stream or lake. Although local heating can have beneficial effects, such as freeing harbours from ice, the primary effect is deleterious: lowering the solubility of oxygen in the water because gas solubility in water is inversely proportional to temperature, and thereby reducing the amount of dissolved oxygen (DO) available to gill-breathing species. As the level of DO decreases, the metabolic activity of aerobic aquatic species increases, thus increasing oxygen demand. (Vishal Sharma., Namrata Sharma, in Heavy Metals in the Environment, 2021).

2.4
 Content of Agricultural, industrial, municipal and domestic effluents

2.4.1
 Effluent from Agricultural

As we know, the Kilimanjaro region is one of the most intensive agricultural areas in the country. It riches volcanic soil from the slopes of Mount Kilimanjaro make different types of crops be produced in this region. The process can incorporate agrochemicals, like pesticides that make the residue of Organ chlorine pesticide (OCP) be found in water, especially from sugarcane plantations. Agriculture is also a major non-point sources water polluter which drains to form point sources of pollution for the Karanga River, Major pollutants in agricultural effluents are nutrients (phosphorus & nitrogen), pesticide residues, and salts, organic and inorganic pollutants (Meybeck, 2000).

Should agricultural wastes flow directly into surface waters, they have a collective population equivalent of about 2 billion. Feedlots, where large numbers of animals are penned in relatively small spaces, provide an efficient way to raise animals for food. They are usually located near slaughterhouses and, thus, near cities. Feedlot drainage (and drainage from intensive poultry cultivation) creates an extremely high potential for water pollution. Aquaculture has a similar problem because wastes are concentrated in a relatively small space.

Sediment from land erosion may also be classified as a pollutant. Sediment consists of mostly inorganic material washed into a stream resulting from land cultivation, construction, demolition, and mining operations. Sediment interferes with fish spawning because it can cover gravel beds and block light penetration, making food harder to find. Sediment can also damage gill structures directly. Rachel Morrison, in Encyclopedia of Biodiversity (2Ed.), 2013.

 2.4.2
 Effluent from industry 

Industrial effluents have very varied compositions depending on the types of industries, water use and materials processed. The effluents may contain suspended solids and soluble solids, organics both degradable and non-biodegradable, colour, odour, high temperature, pH, oils, greases, acids, bases and colouring compounds. Industrial wastewater may also contain inorganic chemicals such as free ammonia, organic nitrogen, nitrites, nitrates, organic phosphorus, inorganic phosphorus, chloride and sulphate (Kanu et al., 2011). Wastewater may also contain trace elements, including heavy metals such as iron, copper, zinc, cobalt, arsenic, cadmium, mercury, and others (UNEP GEMS, 2007). 

The industrial sector is an important user of natural resources and a major contributor to water and soil pollution. The industrial sector of Tanzania is comprised of construction (50%), manufacturing (31%), mining (15%), electricity supply (3%), water supply, sewerage, and waste management (2%). 

According to WHO/UNICEF (2010), almost nine hundred million people worldwide lack access to safe drinking water. Water quality is affected by changes in nutrients, sedimentation, temperature, pH, heavy metals, non-metallic toxins, persistent organics, pesticides, and biological factors, among many other factors. Dealing industrial effluent into water bodies is one of the main causes of environmental pollution in many cities, especially in developing countries. Many of these industries lack liquid and solid waste regulations and proper disposal facilities, including for harmful waste (World Health Organization (WHO, 2004) cited by Chikogu et al. (2012). Water pollution has become a common problem in all urban areas in Tanzania, particularly in the rainy season. Every year outbreaks of water-related diseases, such as diarrhoea and cholera, are reported (Kamukala and Crafter, 2003).

2.4.3
 Municipal and domestic Wastewater 

Now we have few primary or secondary treatment plants operating which treat the almost little amount of wastewater according to population increase based on population studies. The water consumption rate has increased and is expected to grow more in  Therefore, the untreated loads that will reach water bodies are not expected to decline in the coming years. The constituents in domestic and municipal wastewater are nutrients, parasites, pathogens and suspended solids, which increase risks to human health and the environment (UNEP, 2006, 2008).

Municipal wastewater is as important a source of water pollution as industrial waste. A century ago, most discharges from municipalities received no treatment whatsoever. Since that time, the population and pollution contributed by municipal discharge have increased, but treatment has also increased. We define a population equivalent of the municipal discharge as equivalent to the amount of untreated discharge contributed by a given number of people. For example, if a community of 20,000 people has 50% effective sewage treatment, the population equivalent is (0.5) (20,000) =10,000. Similarly, if each individual contributes 0.2 lb solids/day into wastewater, and industry discharges 1000 lb/day, the industry has a population equivalent of 1000/0.2 or 5000 persons.

The sewerage systems have aggravated the wastewater discharge situation. When cities were first built, engineers realized that sewers were necessary to carry off storm water and sanitary wastes. They usually designed a single system to carry both discharges to the nearest appropriate body of water. Such systems are known as combined sewers. As years passed, city populations increased, and the need for sewage treatment became apparent. Separate sewer systems were built: one to carry sanitary sewage to the treatment facility and the other to carry off storm water runoff.

Almost all cities with combined sewers have built treatment plants that can treat dry weather flow—the sanitary wastes when there is no stormwater runoff. As long as it does not rain, the plants can handle the flow and provide sufficient treatment; however, rain increases the flow to many times the dry weather flow, and most of it must be bypassed directly into a river, lake, or bay. The overflow will contain sewage and storm water, which can be a significant pollutant to the receiving water. Attempts to capture and store the excess flow for subsequent treatment are expensive, but the cost of separating combined sewer systems is prohibitive. (Linda Schweitzer, James Noblet, in Green Chemistry, 2018).

2.5 
Physicochemical and biological parameters 
Water must be tested with different physical – chemical, and biological parameters. , The selection of parameters for the testing of water, solely depends upon for what purpose we will use that water and to what extent we need its quality and purity. It is essential and important to test the water before it is used for drinking, domestic, agricultural or industrial activities; the physical test should be performed for testing water are turbidity, temperature, colour, TDS, TSS, EC, odour, etc., while chemical tests should be performed for its pH, alkalinity, total hardness, dissolved oxygen, BOD, COD, minerals, heavy metal and other characters (Patil et al., 2012).

Physical, chemical and microbial properties of water determine water quality. These water quality characteristics throughout the world are characterized by wide variability. Therefore the quality of natural water sources used for different purposes should be established in terms of the specific water-quality parameters that most affect the possible use of water. Physical characteristics of water (temperature, colour, taste, odour etc.) are determined by the senses of touch, sight, smell and taste. For example, temperature by touch, colour, floating debris, turbidity and suspended solids by sight, and taste and odour by smell. The temperature of water affects some of the important physical properties and characteristics of water: thermal capacity, density, specific weight, viscosity, surface tension, specific conductivity, salinity and solubility of dissolved gases etc. Chemical and biological reaction rates increase with increasing temperature. Reaction rates are usually assumed to double for an increase in temperature of 10 °C. The water temperature in streams and rivers worldwide varies from 0 to 35 °C. Colour in water is primarily a concern of water quality for aesthetic reasons. Coloured water gives the appearance of being unfit to drink, even though the water may be perfectly safe for public use.

On the other hand, colour can indicate the presence of organic substances, such as algae or humic compounds. More recently, colour has been used as a quantitative assessment of potentially hazardous or toxic organic materials in water. Taste and odour are human perceptions of water quality. Human perception of taste includes sour (hydrochloric acid), salty (sodium chloride), sweet (sucrose) and bitter (caffeine). Relatively simple compounds produce sour and salty tastes. However, sweet and bitter tastes are produced by more complex organic compounds. Humans detect many more tips of odour than tastes. Organic materials discharged directly into the water, such as falling leaves, runoff, etc., are sources of taste and odour-producing compounds released during biodegradation (Chirag Ramesh Shah, 2017).

2.5.1 
Turbidity 

Turbidity is a measure of the clarity of a water body. It is an optical measurement that compares the intensity of light scattered by a water sample with the intensity of light scattered by a standard reference suspension. Turbidity is commonly measured with a turbid meter in a relatively straightforward procedure and recorded in nephelometric turbidity units (NTUs) (Walakira, 2012). It can be conducted at HRI, although Standard Methods (Brian Campbell et al., 2021) recommends measurement within 24 hours of sample collection as ideal. Because of the influence of light on primary productivity, combining turbidity and chlorophyll data can provide useful information relative to the likelihood of algal blooms. Turbidity, on the other hand, is most often measured with a turbidity meter. Turbidity is reported in units called a Nephelometric Turbidity Unit (NTU) or a Jackson Turbidity Unit (JTU). 
The JTU was the original turbidity unit based on the visibility of candlelight in a tube (Jackson Candle Turbid meter). However, this method is considered outdated and inaccurate compared to newer methods (Fondriest Environmental, Inc. 2014). While some organizations consider the two units to be approximately equal, there are some specific differences. In particular, NTU is more precise and has a wider range (JTU cannot measure above 25 JTU/NTU). In addition, NTU is the standard unit of many broadband outputs (400-680 nm wavelengths) turbidity meters. Nephelometric refers to the measurement technique used. This technology method requires the photodetector in the meter to be placed at a 90-degree angle from the illumination source. The photo detector can measure the scattered light as light bounces off the suspended particles. (Fondriest Environmental, Inc. 2014).

The USGS also suggests the use of the Formazin Nephelometric Unit (FNU) if turbidity meter only has a monochrome/infrared output, as opposed to the white/broadband output. This applies to instruments that comply with the European drinking-water protocol, including most submersible turbidity meters. NTU and FNU will show equal measurements when calibrating as they both use nephelometric technology but may operate differently in the field due to the different light sources. Turbidity meters that use FNU units can compensate for dissolved coloured materials (such as humic stain), while NTU turbidity meters cannot.

When not measured in terms of turbidity, water clarity is measured by Secchi depth. This measurement is based on the depth that a black and white Secchi disc can be lowered into a body of water. At the point visibility is lost, the disc's depth is recorded, known as the Secchi depth. High Secchi depths correspond with low turbidity levels, while low Secchi depths are associated with high levels of suspended solids. This method is generally only useful in oceans, lakes and deep, low-flow Rivers. In marine environments, a larger solid white disc is often used, while some shallower lakes use a black disc and take a horizontal measurement. Due to the effects of salt on suspended sediment, ocean clarity is often much higher than a lake or river clarity. Most Secchi disc records reach around 65-80 m. Water clarity has a theoretical limit of 200 m, based on light penetration and calculations with distilled and ultrapure water. However, most Secchi discs are not large enough to be seen at that depth. In shallower streams, a Secchi tube can be used. A Secchi tube is usually one meter long and is filled with collected water. A small Secchi disc is then lowered into the tube and read at the point of disappearance, just as it is in a larger body of water.
Turbidity and transparency are intimately related to the hydrological regime of a water body. When there is an increase in turbidity, transparency is reduced. This indicates an increase in the concentration of suspended matter in the water due to effluent inflow. Turbidity in water is caused by suspended matter such as clay, silt, finely divided organic and inorganic matter, plankton, and other microscopic organisms (Walakira, 2012). The suspended particles help attach heavy metals and many other toxic organic compounds and pesticides. Turbidity can provide food and shelter for pathogens. If not removed, turbidity can promote the re-growth of pathogens in the distribution system, leading to waterborne disease outbreaks, which may cause gastroenteritis. Typical sources of turbidity in water include waste discharges from industries and domestic, runoff from watersheds, especially runoffs that are disturbed or eroding, algae or aquatic weeds and products of their breakdown in water reservoirs, rivers, or lakes, humus acids and other organic compounds resulting from the decay of plants and leaves  (Walakira, 2012). 

The WHO and TBS (2016) standard for turbidity in drinking water are 1 FTU and 5-25 FTU, respectively. Excessive turbidity or cloudiness in drinking water, is aesthetically unpleasant and may also represent health problems. 

The turbidity degree of stream water is an approximate measure of pollution intensity (CCREM, 1987). Turbidity is an expression of the optical property of water that causes incident light to be scattered and absorbed rather than transmitted in straight lines through the sample. (Brian Campbell et al., 2021). The concept of turbidity is related to, but different from, suspended and settleable solids because the solids affect the appearance of turbidity or water clarity in the river. The term suspended solids refer to the material which remains in suspension but is too large to pass through a 1.5/xm filter (Brian Campbell et al., 2021).

In contrast, the particles that cause turbidity in water range in size from colloidal dimensions (approximately 10 nm) to diameters in the order of 0.1 mm (CCREM, 2007). Settleable solids are the material that settles out of suspension within a specified time. There is no size restriction in the definition, but the particles that settle out tend to be large compared to those that do not settle.

There is a relationship between turbidity and suspended solids, but the correlation of turbidity with the weight concentration of suspended matter is difficult. Light scattering is a function of the surface area, the particle shape, and the refractive index of suspended material. The same concentration of coarse material will give lower turbidity than fine material. Plate-shaped particles produce more light scattering than spherical-shaped ones (Brian Campbell et al., 2021). The relationship between turbidity and suspended solids appears to be site-specific, depending on the characteristics of the catchment. The relationship can change with significant land use changes in the catchment, for example, afforestation, or on a short-term scale within a rainfall event (Kruger 2022). Water clarity refers to the inverse of turbidity. It indicates the limit of visibility in the water.

Turbidity is important in all five of the recognized water uses. In treatment for drinking water, turbidity is of great importance first because of the aesthetic consideration and second because pathogenic organisms can hide on the tiny particles. Other health-related considerations include disinfection efficiency, biological nutrient availability and concentrations of heavy metals and biocides (Kruger 2022). A possible benefit is the sorption of organic material, such as pesticides, to the suspended inorganic material. When the suspended material settles or is flocculated, the organic material is removed from the water column (USEPA, 2018). The effects of suspended solids on irrigation water are the formation of crusts on top of the soil, the formation of films on plant leaves which can reduce the marketability of some leafy crops like lettuce, and the reduction in the capacity of irrigation reservoirs and canals (USEPA, 2018). Studies of the suspended sediment load in rivers can provide valuable information about erosion within the catchment (Kruger, 2022).

Measurement of water clarity is important in numerous industries producing materials destined for human consumption, such as the food and beverage industry and various manufacturing industries. In the paper industry, turbidity can affect the brightness or colour of white or tinted papers. At swimming beaches, high turbidity reduces the area's aesthetic appeal, and swimmers should be able to see underwater. For conservation uses, research has suggested that suspended solids may have significant effects on succession because of shading, abrasive action, habitat alteration and sedimentation, and community dynamics when they interfere with light transmission. An increase in turbidity in shallow Clearwater systems may potentially reduce primary stream productivity and be associated with increased suspended sediment concentration (CCREM, 2007). A reduction in primary productivity is not detrimental in eutrophic systems that might otherwise be prone to algal blooms.

Turbidity and transparency are intimately related to the hydrological regime of a water body. When there is an increase in turbidity, transparency is reduced. This indicates an increase in the concentration of suspended matter in the water due to effluent inflow (Imoobe and Koye, 2010).  The suspended particles absorb heat from the sunlight, making turbid waters warmer, reducing the oxygen concentration in the water (oxygen dissolves better in colder water). Some organisms also can’t survive in warmer water. The suspended particles scatter the light, thus decreasing the photosynthetic activity of plants and algae, which contributes to lowering the oxygen concentration even more. High turbidity can harm fish and other aquatic life by reducing food supplies, degrading spawning beds, and affecting gill function.

In most countries advise a standard for turbidity level to be lower than 2 NTU only for directly consumed crops and unrestricted irrigation, a country like Spain recommends a level lower than 10 NTU for vegetables. The MOE sets the standards at under 2 NTU for food crops and under 5 NTU for processed food crops. Most countries with no standard for turbidity have a standard for suspended solids instead. Tanzania, we have both standards for turbidity and suspended solids regarding irrigation water for vegetables. A high turbidity level can affect the irrigation facility's performance. It can lower the hydraulic conductivity of the soil and in turn, pollute the soil surface through surface flow.

In addition, since various viruses and bacteria can be attached to and migrate along with the solid particles, the elimination of suspended solids is related to eliminating germs. Therefore, the standard for turbidity can be set up based on the turbidity’s influence on the irrigation facility performance or vegetables which are vulnerable to germ infection.  In the case of indirect wastewater reuse, a strict standard of 2 NTU can be applied for directly consumed crops, and for indirectly consumed crops, a specific standard that can prevent adverse effects is needed. In the case of paddy rice, where water is supplied through surface irrigation, adverse effects on irrigation facilities do not exist, and the human health risk can be controlled through a microbe standard. Thus, it can be said that an additional standard regarding suspended solids is not necessary.

Turbidity is an optical determination of water clarity. Turbid water will appear cloudy, murky, or otherwise coloured, affecting the physical look of the water. Suspended solids and dissolved coloured material reduce water clarity by creating an opaque, hazy or muddy appearance. Turbidity measurements are often used as an indicator of water quality based on clarity and estimated total suspended solids in water. The turbidity of water is based on the amount of light scattered by particles in the water column. (Fondriest Environmental, Inc. 2014)The more particles present, the more light will be scattered. As such, turbidity and total suspended solids are related. However, turbidity is not a direct measurement of the total suspended materials in water. Instead, as a measure of relative clarity, turbidity is often used to indicate changes in the total suspended solids concentration in water without accurately measuring solids (Fondriest Environmental, Inc. 2014).

Turbidity can come from suspended sediment such as silt or clay, inorganic materials, or organic matter such as algae, plankton and decaying material. In addition to these suspended solids, turbidity can include coloured dissolved organic matter (CDOM), fluorescent dissolved organic matter (FDOM) and other dyes. (Fondriest Environmental, Inc. 2014) CDOM is also known as the humic stain. Humic stain refers to the tea colour produced from decaying plants and leaves underwater due to the release of tannins and other molecules. This discolouration is often found in bogs, wetlands or other water bodies with high amounts of decaying vegetation. CDOM can cause water to appear red or brown, depending on the type of plants or leaves present. These dissolved substances may be too small to be counted in a suspended solids concentration, but they are still part of a turbidity measurement as they affect water clarity.

Water clarity is a physical characteristic defined by how clear or transparent water is. The depth determines clarity that sunlight penetrates in water. The further sunlight can reach, the higher the water clarity (SWSMA, 2009). The depth sunlight reaches also known as the photic zone. The clearer the water, the deeper the photic zone and the greater the potential for photosynthetic production. The photic zone (and thus water clarity) has a maximum depth of 200 m based on the light absorption properties of water (Imoobe and Koye, 2010). Water clarity is directly related to turbidity, as turbidity is a measure of water clarity. The transparency of water is affected by the amount of sunlight available, suspended particles in the water column and dissolved solids such as coloured dissolved organic material (CDOM) present in the water. (SWSMA, 2009).

Salinity also affects water clarity (Imoobe and Koye, 2010). This is due to the effect of salt on the aggregation and settling velocity of suspended particles. In other words, salt ions collect suspended particles and bind them together, increasing their weights and thus their likelihood of settling to the bottom. Due to this mechanism, oceans and estuaries tend to have a higher clarity (and lower average turbidity) than lakes and rivers (Fondriest Environmental, Inc. 2014). These marine environments also have a higher sedimentation rate as solids are pulled out of the water column to the seafloor (Verma et al., 2011).
Turbidity can also inhibit photosynthesis by blocking sunlight. Halted or reduced photosynthesis means decreased plant survival and dissolved oxygen output. The higher the turbidity levels, the less light can reach the lower water levels. This reduces plant productivity at the bottom of an ocean, lake or river. Without the needed sunlight, seaweed and bay grasses below the water’s surface will not be able to continue photosynthesis and may die (Jonnalagadda and Mhere, 2000). Underwater vegetation die-off has two main effects. First, as photosynthetic processes decrease, less dissolved oxygen is produced, thus further reducing DO levels in a body of water. 
The subsequent decomposition of the organic material can drop dissolved oxygen levels even lower (Jonnalagadda and Mhere, 2000). Second, seaweed and underwater plants are food sources for many aquatic organisms. As they die off, the amount of vegetation available for other aquatic life to feed on is reduced (Imoobe and Koye, 2010). This can cause population declines up the food chain. An increase in turbidity can also indicate increased erosion of stream banks, which may have a long-term effect on a body of water. Erosion reduces habitat quality for fish and other organisms. In terms of water clarity, reduced light penetration due to suspended sediment can obscure aquatic organisms’ vision, reducing their ability to find food. These suspended particles can also clog fish gills and affect growth rates (Fondriest Environmental, Inc., 2014). Erosion can contribute to shallower, filled-in lakes and streams as some suspended particles settle out. These settleable solids can suffocate benthic organisms and fish eggs. In addition, the sediment may smother insect larvae and other fish food sources (Fondriest Environmental, Inc. 2014).

When this occurs in rivers and channels, the increased sediment loads can reduce navigability for ships and boats. In excessive sedimentation, settleable solids from erosion and runoff can even halt freight passage completely. Pollutants such as dissolved metals and pathogens can attach to suspended particles and enter the water. This is why an increase in turbidity can often indicate potential pollution, not just a decrease in water quality (Jonnalagadda and Mhere, 2000; Imoobe and Koye, 2010).  Contaminants include bacteria, protozoa, nutrients (e.g. nitrates and phosphorus), pesticides, mercury, lead and other metals. Several of these pollutants, especially heavy metals, can be detrimental and often toxic to aquatic life. The addition of nutrients can encourage the development of harmful algal blooms. When the suspended solids concentration is due to organic materials, particularly sewage effluent and decaying organic matter, bacteria, protozoa and viruses are more likely. These organic suspended solids are also more likely to decrease dissolved oxygen levels as decomposed.

2.5.1.1 Factors that Influence Turbidity 

Suspended solids can comprise organic and inorganic materials such as sediment, algae, and other contaminants. However, specific factors can affect turbidity levels in the body of water. These are water flow, point source pollution, land use and suspension. (Fondriest Environmental, Inc. 2014).

i. How Water Flow and Weather contribute Total Suspended Solids in the water body 

Turbidity and water flow are causally related. High flow rates keep particles suspended instead of letting them settle to the bottom. Thus in rivers and other naturally-occurring high flow environments, turbidity can be a constant presence. In these areas, it is important to monitor for changes in turbidity at the same point each time to ensure that the data is not affected by a lower or higher water velocity. Weather, particularly heavy rainfall, also affects water flow, affecting turbidity. Rainfall can increase stream volume and, thus, stream flow, which can suspend settled sediments and erode riverbanks (Fondriest Environmental, Inc. 2014). Rain can also directly increase the level of total suspended solids through runoff. As water flows over a surface, it can pick up particles and deposit them in water. Runoff can also wash away topsoil and contribute to riverbank erosion. If the flow rate increases enough, it can resuspend bottom sediments, raising TSS concentrations (Verma et al., 2011).

In dry, loose soil or earth-disturbed sites (e.g. mining or construction areas), wind can blow dust, sediment and other particles into the water. The addition of new particles will increase the suspended solids concentration. However, the wind will generally not increase turbidity levels in the water alone. In wave-dominated estuaries and coastal areas, turbidity is naturally low. In comparison, tidal areas, where the water flow is strong enough to resuspend bottom sediments, have high natural turbidity levels. Wind-driven turbidity increases only occur in shallow zones where waves are tall enough to resuspend sediment. Tides, wind, and rain can influence turbidity levels due to their effect on water flow and introduced sediment loads (Fondriest Environmental, Inc. 2014).
Tributaries can also alter turbidity. When a freshwater stream or river enters a saltwater estuary, the change in water flow can cause turbidity levels to increase. This mixing area is often called a maximum turbidity zone. These zones have little aquatic vegetation due to the high suspended solids concentrations. Estuaries are also often subject to tidal influences, which can pull in sand and sediment from the shoreline and resuspend bottom sediments.

ii. How Point-Source Pollution contributes to Total Suspended Solids in the water body
If pollution can be tracked to a single, identifiable source, it is considered point-source pollution. Point-source pollution can increase turbidity by adding suspended solids and coloured effluent (wastewater) to a body of water. For water quality, common examples include discharge pipes from factories and wastewater treatment plants. In addition, farms can also fall under the category of point-source pollution. These sources can release harmful pathogens (bacteria) and chemicals into the water, in addition to suspended solids.

Many factories, wastewater treatment plants, and sewage treatment plants discharge effluent into local water bodies or sewer systems. Sometimes this water is treated or filtered before it is discharged, but sometimes it is not. The EPA has created several guidelines for effluent discharge, but they are all based on the technology used not the final impact on the local water body. While most wastewater treatment plants include a settling period in the treatment process, this does not affect colloidal (non-settleable) solids. When this wastewater is discharged, these suspended solids may still be present unless treated with additional filters. In addition, coloured effluent cannot be trapped by a filter. While dyes and coloured dissolved organic material (CDOM) are not included in a suspended solids measurement, they will contribute to turbidity readings due to their effects on light absorption (Fondriest Environmental, Inc., 2014).
Farms identified as point sources often allow fertilizer and animal waste to enter local bodies of water. Most agricultural pollution is due to runoff and not a specific discharge. While this runoff is not intentional, it can be detrimental to water quality as these pollutants are untreated. Animal wastes can increase pathogen concentrations in the water, while fertilizer can contribute to eutrophication and excessive algal growth (Fondriest Environmental, Inc. 2014).
iii. How Land Use contribute to Total Suspended Solids in the water body 
A major factor in increased turbidity and total suspended solids concentrations is land use. Construction, logging, mining and other disturbed sites have increased exposed soil and decreased vegetation. Agricultural areas are also considered disturbed areas after they are tilled. Land development, whether farms or construction, disturbs and loosens the soil, increasing the opportunities for runoff and erosion. The loosened soils caused by these sites can then be carried away by wind and rain to a nearby body of water (Imoobe and Koye, 2010).
This increases runoff rates, causing erosion and increased turbidity in local streams and lakes. Settleable solids in the runoff can be deposited on the bottom of a lake, river or ocean, damaging benthic habitats. Erosion due to land use is considered a non-point source of turbidity. Using silt fences and sedimentation basins at construction sites can prevent soils from reaching nearby water sources (Imoobe and Koye, 2010).
In addition to increasing turbidity levels through suspended sediment, agricultural runoff also includes nutrients. Due to the presence of these nutrients, this runoff can fuel the growth of algal blooms. These effects can be seen in local streams, lakes, and estuaries like the Chesapeake Bay. Water quality can be affected anywhere that these nutrients and sediments are carried. No-till farming practices can reduce the potential for erosion and help maintain nearby water quality (Imoobe and Koye, 2010).

Sediment- and pollutant-filled runoff can also occur in urban areas. When it rains, soil, tire particles, debris and other solids can get washed into a water system. This often occurs at a high flow rate due to the number of impervious surface areas (e.g. roads and parking lots). Water cannot penetrate these surfaces, so the sediment cannot settle out. Instead, the stormwater runoff flows right over the pavement, carrying the suspended solids. Even in areas with storm drains, these drains usually lead directly to a local water source without filtration. To minimize the pollution and turbidity caused by urban runoff, stormwater retention ponds can be constructed. These basins allow suspended particles to settle before the water drains downstream 
(Imoobe and Koye, 2010). The high TSS values are responsible for gastrointestinal irritations (Vermaet al., 2011). 
iv. How Resuspension contribute to Total Suspended Solids in the water body
Even carp and other bottom-feeding fish can contribute to increased turbidity levels. As they remove vegetation, sediment can become resuspended in the water. Sediment at the bottom of a body of water can be stirred up by shifting water flow, bottom-feeding fish, and anthropogenic causes such as dredging. Dredging projects, which remove built-up sediment in navigation channels, are a major source of resuspended sediments in the surrounding water. Dredging can cause high turbidity levels as it disturbs large amounts of settled sediment in a relatively short period. These stirred-up particles are mostly silt and sand. When resetting, they can alter habitats, smother fish eggs and suffocate bottom-dwelling organisms (Fondriest Environmental, Inc. 2014).
2.5.2
 Temperature

Temperature is the important factor for its effect on other properties of waste water (Khuzaliet al. 2012). Water temperature is influenced by substrate composition, turbidity, vegetation cover, run-off, inflows and heat exchange with the air. Water temperature varies with season, elevation, geographic location, and climatic conditions and is influenced by stream flow, streamside vegetation, groundwater inputs and water effluent from industrial activities. Water temperature increases when warm water is discharged into streams from industries (Imoobe and Koye, 2010). Discharging industrial effluents with increased temperature will cause a remarkable reduction in a water body's self-purification capacity and cause undesirable algae growth (Khuzali et al., 2012). Temperature can be measured using a thermometer range of 0–50°C or a suitable electronic thermometer. The probe (or thermometer) is placed in the water to be measured. The temperature is measured after the reading has stabilized: this may take several minutes.

Since the solubility of dissolved oxygen decreases with increasing water temperature, high water temperatures limit the availability of dissolved oxygen for aquatic life. In addition, water temperature regulates various biochemical reaction rates that influence water quality. Temperature is the important factor for its effect on other properties of wastewater (Khuzali et al. 2012). Temperature affects the speed of chemical reactions, the metabolic rate of organisms, and how pollutants, parasites and other pathogens interact with aquatic residents. Temperature change depends mainly on the climatic conditions, sampling times and the number of sunshine. Air and water temperatures were positively correlated during the studied seasons. 
This indicated that the ambient air temperature is affected only by the water temperature, pointing to the absence of any source for thermal water pollution. The WHO (2016) and TBS (2016) permissible standard for temperature in drinking water is 25○C. Water temperature controls the metabolic rate and aquatic life's reproductive activities. Metabolic activity increases with a temperature rise, thus increasing aquatic organisms' demand for oxygen (Imoobe and Koye, 2010). Depletion of dissolved oxygen could impact the aquatic environment's metabolic and reproductive activities and speed up photosynthesis and decomposition rates. It could also provide the right environment to enhance the faster growth of pathogens, which may increase the susceptibility of aquatic organisms to disease (Imoobe and Koye, 2010; Akali, 2011).

Change in river water temperature has important consequences for the environment and people. This review provides a new perspective on the topic by evaluating changes in river water temperature for the world over the 20th century and possible changes over the 21st century ( Boisneau  2008). There is limited knowledge of space-time variability in, and controls on, river temperature at the region scale and beyond over the 20th century. 
There is historical evidence that river temperature increased in the latter part of the 20th century, but there is little agreement on the attribution of changes to climatic warming because river temperature is a complex, dynamic response to climate and hydrological patterns moderated by basin properties and anthropogenic impacts. Literature is scarce to evaluate changes to river temperature in the 21st century, but it appears as likely as not that river temperature will increase in the future metabolism (Alvarez and Nicieza, 2005). However, there are several interlinked sources of uncertainty (related to observations, scenarios, process interactions and feedback) make estimating the direction and rate of temperature change for rivers across the world with confidence very challenging. Priority knowledge gaps must be addressed to improve understanding of past, contemporary and future river temperature change.

Water temperature is recognized increasingly by scientists, environment managers and regulators as an important and highly sensitive ‘master’ variable of water quality (Hannah 2008). Temperature directly influences the distribution of predator-prey interactions (Boscarino  2007), survival (Wehrly 2007), growth rates (Imho 2010, 2011; Jensen, 2003), the timing of life history events ( Harper and Peckarsky, 2006) and aquatic organisms in river systems. Indirectly, temperature controls in-stream processes such as production rates, nutrient consumption and thus food availability, decomposition (Ormerod, 2009) and dissolved oxygen concentration (Sand-Jensen and Pedersen, 2005), which influence ecological processes further. In addition, water temperature is of economic importance for electric power (Foerster and Lillestam, 2010; van Viet 2013b), drinking water production ( Ramaker 2005) and fisheries ( Bartholow, 1991; Ficke  2007). There are four comprehensive reviews of the river temperature literature. 
In chronological order, Smith (2012) considers the physical processes driving river temperature variability in near-natural systems and evaluates human impacts, including thermal pollution. Ward (2005) focuses on the Southern Hemisphere to consider controls on the thermal regime and anthropogenic factors. (Caissie 2006) overviews water temperature modelling, natural and human influences on thermal conditions and implications for aquatic ecology. Most recently, (Webb et al. 2008) captured renewed interest by evaluating significant advances in river and stream temperature research since 1990. Notably, (Webb et al. 2008) identify improving understanding of (1) thermal heterogeneity at different spatial and temporal scales; and (2) past and future trends as major issues for contemporary river temperature research. Environmental regulators require such understanding as a first step in assessing how climate changes will alter river systems and interact with other pressures affecting the ecological status and societal use of flowing waters.

River water temperature is controlled by dynamic energy (heat) and hydrological fluxes at the air-water and water-riverbed interfaces (Hanna 2008). Land and water management impact these drivers and, thus, modify river thermal characteristics (Webb et al., 2008). Rivers are hierarchical systems (Montgomery, 1999). Therefore for a specific point on a river, water column temperature is determined initially by the mix of water source contributions (surface/shallow subsurface flows, groundwater, snow melt, etc.). Subsequently, as the river flows downstream, the energy gained or lost across the water surface and riverbed interfaces. Thus, spatial and temporal variability in heat flux and hydrological processes create heterogeneity in river temperature at various scales.

Heat transfer within river systems is complex, occurring through radiation, conduction, convection and advection (Webb and Zhang, 1997). These energy exchanges add and remove heat to and from the river. Inputs may occur by incident short-wave (solar) and long-wave (downward atmospheric) radiation, condensation, friction at the channel bed and banks, and chemical and biological processes. Losses may include reflection of solar radiation, emission of a long wave (back) radiation and evaporation. Sensible heat and water column-bed energy transfers may cause gains or losses. 

2.5.3
 Colour 

Pure water is colourless. Colour or true colour refers to the colour of water upon removal of suspended solids. Colour in water can result from the presence of natural metallic ions (iron and manganese), humus and peat materials, plankton, weeds, and industrial wastes. Colour in natural waters can also originate from the decomposition of organic matter and the discharge of certain waste. Much like the sky, rivers are rarely painted one colour. Across the world, they appear in shades of yellow, green, blue, and brown. Subtle changes in the environment can alter the colour of rivers, though, shifting them away from their typical hues. New research shows the dominant color has changed in about one-third of large rivers in the continental United States over the past 35 years. “Changes in river color serve as a first pass that tells us something is going on nearby,” said John Gardner, the study’s lead author and a hydrologist at the University of Pittsburgh. “There are a lot of details to parse out on what is causing those changes, though.”

Colour in water can be measured in colour units or platinum-cobalt units (PCU, Pt/Co or Pt-Co units) by visual aid, colour kit or spectrophotometer (Patil et al., 2012). Colour in water can result from the presence of natural metallic ions (iron and manganese), humus and peat materials, plankton, weeds, and industrial wastes. Water colour also originates from algal metabolism. Divalent ions of iron (Fe2+) and manganese (Mn2+) contribute colour to the ground waters and the surface waters. Colour interferes with the penetration of light and affects photosynthesis. Colour may also hinder oxygen absorption from the atmosphere (Walakira, 2012). Discharging untreated and partially treated wastewater from textile and dyeing operations, pulp and paper production, tanneries, food processing, chemical production and mining, refining and slaughter operation may contribute colour to the receiving waters. Colour interferes with the penetration of light and affects photosynthesis. Colour may also hinder oxygen absorption from the atmosphere (Metcalf and Eddy, 1982; Walakira, 2011).
The rivers are coloured as they would approximately appear to our eye. Gardner and colleagues built the map from 234,727 images collected by Landsat satellites between 1984 and 2018. The dataset includes 67,000 miles (100,000 kilometres) of waterways at least 200 feet (60 meters) wide. Around 56 percent of rivers were dominantly yellow throughout the study and 38 percent were dominantly green. The team has released an interactive map where the public can further investigate color trends in individual rivers.

It is not unusual for rivers to change colours, explained Gardner. They change constantly because of fluctuations in flow, concentrations of sediments, and the amount of dissolved organic matter or algae in the water. For example, yellow-tinted rivers are typically sediment-laden but low in algae. Bluewater, which is usually easier to see, has little algae and sediment. Green water usually has algae as its dominant feature. “We are seeing an increase in the frequency of color changes,” said Gardner. In the study, the team found around 21 percent of rivers became greener, most commonly in the western.

The scientists found that the most extreme examples are often found near artificial reservoirs. The rivers with the fastest rate of color change were twice as likely to be located within 15 miles (25 kilometers) upstream or downstream of a dam and within the boundaries of an urban area. When reservoirs contract, the upstream end of reservoirs becomes sediment-laden rivers again. Gardner is currently working on estimating suspended sediment concentrations based on the Landsat dataset. The goal is to explore how human activities, such as the construction of dams or land use, may affect sediment loads.

From his observations, Gardner also noticed more algal blooms in rivers. In 2015, an algal bloom stretched across over 650 miles (1,000 kilometers) of the Ohio River for three weeks, painting portions of the river green. Researchers have typically focused on algal blooms in lakes, but this dataset could help scientists quantify some trends in river chlorophyll concentrations.

“Our findings do not indicate if the color changes are good or bad in water quality, but we showed that we can detect some trends,” said Gardner. “The next step is to investigate what humans are doing to cause those changes and whether it’s an improvement or degradation.” Color is the perception (an internal projection of the world) of varying degrees of energy within the light. Light is electromagnetic radiation - a fundamental force of energy, here in the form of flux within the electromagnetic field. Electromagnetic radiation propagates via waves, and the spectrum of these waves’ undulations underlies the energy held within that particular wavelength, with the energy being inversely proportional to the wavelength. In other words: the higher the frequency of undulation between peaks of the wave in a light waveform, the higher the energy contained within that particular light beam. 

Light will interact differently with different substances and even within homogenous substances of different phase states. Liquid water tends to absorb light that is just a little less energetic (infrared) than visible light quite strongly in the form of vibration on the O-H bond. However, this absorption is not limited to a particular range, but rather forms a spectrum in which the infrared region is the most likely form to induce this energy transfer. This same effect tapers into the visible spectrum. It is most pronounced in the less energetic or the warm regions of visible light (from highest to lowest energy: Violet, Indigo, Blue, Green, Yellow, Orange, And Red). So, in other words, red wavelengths have the highest tendency to be absorbed, followed by orange, yellow and so forth. Because most visible light still doesn’t induce a change in the molecule, this effect is limited in small quantities of water. Instead, it takes vast quantities -especially of deep water where you cannot see the bottom - to see the preferential absorption of different wavelengths of light by water. So, this explains the natural tendency for huge bodies of water to be blue, so why green or pink?

Water is essentially never found in a pure state. Water is an incredibly reactive substance; hence it is known as the “universal solvent” because it can react with most substances. Its reactivity, coupled with its common liquid state, means that other substances, such as solid salts, will dissolve in water. Larger bodies of water can dissolve more substances as the substance can diffuse further, and moving bodies promote dissolution. In the same way water interacts with light, most substances also have some form of interaction. All the differences in colors, hues and shades you see result from this. When you see green water, it just means that something within the water has a strong preferential absorbance of red wavelengths in particular. The most notable green pigments in nature are found in chlorophyll: the energy-producing bodies of plants commonly found in leaves. Chlorophyll preferentially absorbs red wavelengths and transforms this energy into an electronic transfer, ultimately driving an energy-producing process that sustains the plant’s life. Typically, green-coloured waters respond to chlorophyll in the water, commonly as algae or phytoplankton. Copper and associated cupric minerals are commonly green, turquoise or light blue and can also give water a green color when dissolved.
 However, the concentration of copper in natural bodies of water (rivers) is so low that this would hardly be the case. There may be additional organic molecules (byproducts of metabolism, for example) that have some interaction with the electromagnetic spectrum and can change the tint of natural bodies of water when accumulated. I know of no class of compounds in particular that would notably produce this effect, but outside that I’ve already mentioned. Some dissolved sediments may also add to the green color, as a combination of chlorophyll and yellow mud will create rivers with colors such as in the image below. Other microorganisms in the water may also have metabolic processes that involve the absorption of particular wavelengths of light (red) outside of chlorophyll.

As for pink: pink-coloured water would result from a preferential absorption of green wavelengths with the addition of light reflectance (to add additional white light). There are at least two different potential sources for this tint. Firstly, pink or red tints in water can be associated with algal blooms themselves, often mostly composed of phytoplankton of various types. These phytoplanktons contain pigments with a preferential absorption of green light. Secondly, the pink might be associated with sediments or dissolved soils in the water. Soil color is mostly determined by two factors: organic humus and iron. The hummus is associated with darker, blacker soils found in fertile regions, while the iron represents the degree of redness in the soil. Oxidized soils are formed when there is little water saturation within the soil. They are commonly found in some deserts (ex: Colorado Plateau region) or in the tropics where high heat and rainfall lead to increased breakdown of organic components to retain moisture in soils and thus leads to the soil’s water leaching. 
Within oxidized soil is oxidized iron-commonly known as rust, and is a rich, red-orange colour. The same red colour you see in Sedona’s canyon walls is the same red color you see on a rusted bicycle, for the most part (of course, other contributing factors such as white, calcic minerals and other coloured minerals such as those containing Mg contribute. When oxidized soils are drained by rivers, the oxidized iron is carried with it. The iron will not reform a reduced state easily, and thus the red color persists. This is not only how you can explain some intensely red rivers, such as Colorado, but also why some rivers redden during floods: they pick up sediments and soils that are more oxidized than the soils underlying the typical river currents thus are redder. 
Aggregates of this red soil, in combination with other soil color determining factors, often mean that this red appears not as “red” but as beige, copper, pink etc. Some bacteria can also grow on riverbeds with pigments that produce a red appearance. This can easily be seen in the Grand Prismatic Springs of Yellowstone. However, it is not the water itself that is red, but rather the bottom of the waterbed. That cool, refreshing glass of water on a hot day may appear colourless, but water is a faint blue color. The blue color becomes visible when we look down into or through a large volume of water.

We see water in a variety of ways. It may be colored by particles, the presence of bacteria, or by reflecting the world above its surface. Ice and snow may reveal a vivid internal blue. Water itself has an intrinsic blue color that is a result of its molecular structure and its behaviour. Other factors can affect our perception of the color of the water. For example, water particles can absorb, scatter, and reflect light. Light may be absorbed by particles and solutes, as evidenced by the darker color of tea or coffee. Green algae in rivers and streams often lend a blue-green color to the water. Some mountain lakes and streams that contain finely ground rock, such as glacial flour, are turquoise. The surface of the water can also reflect skylight.

Rivers are among the most imperilled ecosystems globally, yet we do not have a broad-scale understanding of their changing ecology because most are rarely sampled. Water color, as perceived by the human eye, is an integrative measure of water quality directly observed by satellites. Rivers can appear in different colors, such as blues, greens, browns, and yellows. Water color is linked to water quality and can be related to the amount of sediment, algae, and dissolved organic carbon in water. Humans can therefore discern water’s suitability for use with our eyes. While we know many rivers are impaired globally, often due to poor water quality, the color of rivers has not been widely measured to investigate changes through space and time. Satellites act as “eyes in the sky” and regularly observe the earth's large rivers. 
Using satellite remote sensing records from 1984 to 2018, we measured the color of rivers across the USA. We found that large rivers have distinct seasonal patterns in color that change with river flow and that the dominant color in one-third of rivers has significantly changed. Observations of water color can pinpoint rivers undergoing rapid environmental change and work toward a continental-scale understanding of rivers. The TBS and WHO (2016) standard for colour in drinking water is 1.5-50 Pt. co and 10 Pt. co, respectively.

2.5.4
 Total dissolved solids

Total dissolved solids (TDS) are made up of inorganic salts and a small amount of organic matter (WHO, 2003). TDS is an important chemical parameter in water. It mainly indicates the presence of various minerals, including ammonia, nitrite, phosphate, alkalis, some acids, sulphates, and metallic ions comprising colloidal and dissolved solids in water (WHO, 2003; Islam et al., 2012). TDS may be organic or inorganic in nature. Many are undesirable in water, produce displeasing color, tastes and odors, and may also exert osmotic pressure that affects aquatic life or becomes carcinogenic, especially halogenated compounds. In contrast, TDS values in drains outfalls can exceed the permissible limits where there are a ranged from problems in case of illegal and unofficial drainage uses.
TDS is measured by many techniques. Some of them are gravimetric and electrode methods using a conductivity meter (ASTM, 2003). In a water-sparse region, the reuse of available water supplies is essential, but one of the consequences of reuse is the repeated input of dissolved constituents. In general, total dissolved salts refer to the inorganic ions dissolved in water. The principal anions include carbonates, bicarbonates, chlorides, nitrates, sulphates, and silica. The principal cations are calcium, magnesium, sodium, and potassium (CCREM, 1987). Many uses of water increase the amount of dissolved material in the water. Irrigation return flows leach soluble minerals from the soil, cooling water for industrial processes concentrates the dissolved material through evaporation, and wastewater treatment adds chemicals for such things as disinfection, neutralizing acidity, and precipitating heavy metals. 
Total dissolved salts are an important water quality variable for many of the uses of water, and the individual components are also important, particularly for irrigation. Some crops are sensitive to excess chlorides, and sodium to calcium and magnesium ratio is important in maintaining soil permeability. The Sodium Adsorption Ratio (SAR) has been developed to provide an easy index to the water quality for irrigation; it is based on the concentrations of sodium, calcium and magnesium. 
The SAR value is combined with electrical conductivity to identify effects on soil permeability that may occur after irrigation with the water. Excess TDS can create unpleasant tastes in drinking water; specific salts can cause scaling or fouling when used as cooling water. The TDS content of boiler water is the major chemical variable affecting steam purity (CCREM, 1987). Three commonly accepted methods exist to estimate total dissolved solids in water (Kruger 2021).

The fastest is to measure the electrical conductivity in situ and convert it to TDS in milligrams/litre (mg/L) with a proportionality constant. Without additional information, TDS is taken as 6.5 times the numeric value of electrical conductivity in units of mill Siemens per meter (mS/m). A second method is to filter the sample to remove the larger suspended solids and heat it to evaporate the liquid portion. The mass of material that remains after evaporation is used to calculate the concentration of dissolved solids. A third method is to measure the concentration of each of the major ions and calculate the concentration of TDS as their sum. The choice of method for the current system was to measure individual ions and store the results on the database so that TDS can be calculated as required. There are many advantages of using TDS measurements in water analysis the choice of the method of measuring individual ions and calculating TDS from the result has the advantage of providing information to identify changes in the relationship of components. This can be important in describing the fitness of water for specific uses. Measuring the residue after evaporation is a more labour-intensive and does not provide any information about the individual ions. 

Electrical conductivity is an alternative to using TDS measurements as described above and is often used as a fast, convenient method to estimate TDS. It is a measure of the ability of water to conduct an electric current. The presence of charged ionic species in the solution makes the solution conductive. As ionic concentrations increase, the conductivity of the solution increases. The relationship between ionic concentration and specific conductivity is fairly simple and direct in dilute solutions of single salts. However, natural waters are not simple solution. The relationship between electrical conductivity, ionic concentrations, and TDS is not simple, but electrical conductivity can be useful as a general indication of TDS concentration (USGS, 1970). The WHO standard for TDS in drinking water is 500 mg/l. Excessive concentrations of dissolved solids might harm aquatic life because they decrease water quality, inhibit photosynthetic processes and eventually lead to an increase in bottom sediments and a decrease in water depth. The high TDS values are responsible for gastrointestinal irritations (Verma et al., 2011).

2.5.5
 Total suspended solids
Total suspended solids (TSS) are defined as the portion of total solids in a water sample retained by a glass fibre (GF/C) filter of pore size >2 μm. Once the filter has been dried at 103–105°C and weighed, total suspended solids are recorded in units of mg/l. TSS is determined as the weight of the retained material (SWSMA, 2009). Total suspended solids (TSS) are particles larger than 2 microns found in the water column. Anything smaller than 2 microns (average filter size) is a dissolved solid. Most suspended solids are made up of inorganic materials, though bacteria and algae can also contribute to the total solids concentration. These solids include anything drifting or floating in the water, from sediment, silt, and sand to plankton and algae. Organic particles from decomposing materials can also contribute to the TSS concentration. As algae, plants and animals decay, the decomposition process allows small organic particles to break away and enter the water column as suspended solids (Fondriest Environmental, Inc., 2014).
Even chemical sediments are considered a form of suspended solids. Total suspended solids, on the other hand, are a total quantity measurement of solid material per volume of water. This means that by mass, TSS is a specific measurement of all suspended solids, organic and inorganic. TSS includes settleable solids and is the direct measurement of the total solids in a water body. As such, TSS can be used to calculate sedimentation rates, while turbidity cannot (Fondriest Environmental, Inc. 2014). 
Things which contribute to Suspended solids in a body of water are often due to natural causes. These natural solids include organic materials such as algae and inorganic materials such as silt and sediment. Some algae, such as phytoplankton, are regular occurrences, especially in the ocean. Inorganic materials can easily become suspended due to runoff, erosion and suspension from seasonal water flow. However, when suspended solids exceed expected concentrations, they can negatively impact a body of water. The excess over background amounts is often attributed to human influence, whether directly or indirectly. Depending on source, pollution may contribute to organic or inorganic suspended solids. Algae, sediment and pollution will affect water quality in different ways depending on the quantity on the quantity present.

Water clarity is strictly relative to sunlight penetration. While this is usually determined by the number of suspended solids in water, it can also be affected by CDOM and other dissolved solids. Water clarity is the most subjective measurement of these three parameters, as it is usually determined by human observation (Fondriest Environmental, Inc., 2014). Total suspended solids are a significant factor in observing water clarity. The more solids present in the water, the less clear the water will be. Some suspended solids can settle into sediment at the bottom of a body of water over time. Heavier particles, such as gravel and sand, often settle out when they enter an area of low or no water flow. Although this settling improves water clarity, the increased silt can smother benthic organisms and eggs. The remaining particles that do not settle out are called colloidal or non-settleable solids. 
These suspended solids are too small or too light to settle to the bottom (Imoobe and Koye, 2010). Settleable solids are also known as bedded sediments or bed load. These sediments can vary from larger sand and gravel to fine silt and clay, depending on water flow rate. Sometimes these sediments can move downstream even without rejoining the suspended solids concentration. Total suspended solids, as a mass measurement, are reported in milligrams of solids per litre of water (mg/L). Suspended sediment is also measured in mg/L. The most accurate method of determining TSS is filtering and weighing a water sample. This is often time-consuming and difficult to measure accurately due to the precision required and the potential for error due to the fibre filter (Imoobe and Koye, 2010). The TBS (2016) standard for TSS in drinking water is 30 mg/l, while the standard for TSS for discharging industrial effluent into receiving water body is 100 mg/l.

Excessive concentrations of suspended and dissolved solids might harm aquatic life because they decrease water quality, inhibit photosynthetic processes and eventually lead to increased bottom sediments and decreased water depth (Imoobe and Koye, 2010). The high TSS values are responsible for gastrointestinal irritations (Vermaet 2011).  Continuous discharging of industrial effluent from China paper and Bonite bottles with excessive concentrations of suspended solids into Karanga River may harm aquatic life. After all, they decrease water quality by increasing biological and chemical oxygen demand, depleting the dissolved oxygen levels and inhibiting photosynthetic processes. In the long run, it will lead to an increased bottom sediments and decreased water depth (Jonnalagadda and Mhere, 2000; Imoobe and Koye, 2010). 
The high TSS values are also responsible for gastrointestinal irritations (Vermaet 2011). It is very important to measure Total Suspended Solids because it is the most visible indicator of water quality. These suspended particles can come from soil erosion, runoff, discharges, stirred bottom sediments or algal blooms. While some streams can have naturally high levels of suspended solids; clear water is usually considered an indicator of healthy water. A sudden increase in turbidity in a previously clear body of water is a cause for concern. Excessive suspended sediment can impair water quality for aquatic and human life, impede navigation and increase flooding risk (ibid).

2.5.5.1 Factors that contribute Total Suspended Solids in the water body

i. How Algae contribute Total Suspended Solids in the water body 
Algae are plantlike, photosynthesizing organisms that can thrive in fresh and saltwater. These organisms come in different sizes, from microscopic phytoplankton to giant sea kelp forests. The phytoplankton and seaweed forms of algae will consume nutrients in the water and can increase dissolved oxygen levels through photosynthesis. When they die, however, the organic material is decomposed by microbes in the water column. This decomposition process can decrease dissolved oxygen levels to below-normal levels (Fondriest Environmental, Inc., 2014).
Seaweed and kelp are found rooted to the seafloor, but phytoplankton and other microalgae can be found at the water’s surface or throughout the water column. In particular, cyanobacteria, or blue-green algae, have floating mechanisms that keep them at the surface, blocking sunlight from the water (Imoobe and Koye, 2010). This phytoplankton contribute to the total suspended solids concentration, while rooted vegetation or attached streambed-mat forms of algae do not. However, if these rooted algae become detached (usually when the algae die or if it is forcefully removed), then their mass becomes part of the measurement of the suspended solid (Imoobe and Koye, 2010). The most obvious examples of algae’s contribution to turbidity are found in algal blooms. An algal bloom occurs when an excessive amount of algae grows quickly across the surface of a body of water. These blooms usually occur due to an influx of nutrients such as nitrogen and phosphorus due to agricultural runoff or decomposition. However, warmer water temperatures and longer daylight hours also contribute to their growth. Floating algal blooms can block sunlight, release toxins, and deplete oxygen levels in a body of water (Fondriest Environmental, Inc. 2014).
While some algae growth occurs naturally (often seasonally), excessive growth is often attributed to nutrient pollution. Turbidity monitoring can be used to determine if an increase in suspended solids is natural or due to agricultural runoff (Jonnalagadda and Mhere, 2000).
ii. How Sediment from Runoff and Erosion contribute Total Suspended Solids in the water body
Sediment is comprised of any solid material that can be transported by water, wind or ice. It is usually defined as the soil particles (including silt, clay and sand) that are deposited on the bottom of a body of water. These particles are usually classified by size from smallest (clay is less than 0.00195 mm in diameter) to largest (coarse sand can be up to 1.5 mm). Silt falls in between, ranging from 0.0049 to 0.047 mm (Fondriest Environmental, Inc. 2014). In areas of high flow, even rocks can be considered sediment as they are deposited in water. However, not all sediment is suspended. The amount and size of suspended sediment are dependent on water flow. The faster the flow, the larger the particles that can be suspended. Higher flow rates can also support a higher concentration of suspended solids. Particles larger than 0.5 mm usually settle out as water flow decreases. Most suspended sediment (colloidal solids) consists of fine sand, silt, and clay (Fondriest Environmental, Inc., 2014).
Most suspended sediment in water bodies comes from runoff and erosion. If the land surrounding a body of water has only sparse vegetation, the topsoil can easily be washed away into the water. Highly vegetated areas will absorb most of the runoff, keeping the body of water clearer.

In addition to collecting suspended particles from runoff, rivers and streams can slowly erode soft riverbanks due to the constant water flow. An increase in river volume and flow (due to rain or other causes) can increase the erosion rate. On the other side of the spectrum, bedrock-based streams may not have much sediment to suspend. The local geology will determine natural turbidity levels based on normal flow rates, soil type, land structure and vegetation. If the surrounding land is altered by agriculture, construction or other soil-disturbing use, it can accelerate erosion and runoff, increasing turbidity.

iii. How Pollution Contributes Total Suspended Solids in the water body
Pollution ranges from large garbage to microplastics, flecks of metal or asphalt, and chemical dyes. Any potentially harmful substance that is added to the environment by humans, whether directly or indirectly, is considered pollution. This can vary from bacteria riding along on a sewage plant discharge to coal and iron ore particulates that float in from a mining zone. If these pollutants are larger than 2 microns, they will contribute to the total suspended solids concentration. Some of the more common suspended solid pollutants are pathogens (bacteria, protozoa, and helminths), microbeads (from exfoliating soaps), wastewater effluent, sewage, airborne particulates, and road particles (e.g. asphalt and tire flecks). Coloured wastewater discharge and dyes are pollutants affecting turbidity, not suspended solids.

Nutrients like nitrate and phosphorus are often considered pollutants, but as they are dissolved substances, they do not contribute directly to the suspended solids concentration. Instead, they are an indirect contributor as they fuel algal blooms, which do affect TSS. These dissolved nutrients, along with dissolved metals, chemicals, and refractory organics, will impact the quality of a body of water. Nitrate and phosphorus can cause eutrophication (excessive plant and algae growth), which causes low dissolved oxygen levels due to plant respiration and microbial decomposition. Refractory organics are often carcinogenic, while heavy metals and other chemicals can be toxic to aquatic organisms (Imoobe and Koye, 2010). 

While these contaminants can enter the water as a dissolved substance, many ride along on grains of soil or other larger pieces of pollution (e.g. paint flecks or asphalt particles). When this is the case, they can be picked up in suspended sediment samples. Chemical dyes will affect turbidity readings as the colored molecules will affect light absorption, but they will not be Include in suspended solids measurements (ibid, Inc. 2014).
2.5.6
 Electrical conductivity (E.C) 

Conductivity is a measure of the ability of water to pass an electrical current. It measures how much total salt is present in the water; through EC we can know the water's ability to carry electric current, and it is sensitive to variations in dissolved solids, mostly mineral salts. Conductivity is measured electrometrically with (or without) temperature compensation and calibrated against a standard potassium chloride solution. Conductivity is measured with the help of E.C meter, which measures the resistance offered by the water between two platinized electrodes. The instrument is standardized with known values of conductance observed with standard KCl solution (Patil et al., 2012). 
Electrical conductivity measurement unit is expressed in either micro Siemens per centimetre (μS/cm) or mill Siemens per centimeter (mS/cm). Modern instrumentation allows rapid and reliable conductivity measurements to be made in the ﬁeld. Several methods have been reported for calculating the conductivity of a natural water sample from its chemical however, existing conductivity methods for natural waters have been limited by the lack of conductivity data in the literature or not properly accounting for the ion pairing. Consequently, the existing methods cannot be used to reliably calculate conductivity for a wide range of natural waters. The modern method incorporates new electrical conductivity measurements for electrolytes found in natural waters having ionic strengths of up to 1 m and temperatures of 5–90 ° C (McCleskey, 2011).

Electrical conductivity is it can indicate that pollution has entered the river. A measure of electrical conductivity cannot tell you what the pollutant is, but it can help identify a problem that may harm invertebrates and fish. Electrical conductivity may be high in a river without any visible effects on the clarity of the river water, so it needs to be measured with a suitable sensor. Geology and soil type can be used as the main natural control of rivers' electrical conductivity. Conductivity in water is affected by the presence of inorganic dissolved solids such as chloride, nitrate, sulphate, and phosphate anions or sodium, magnesium, calcium, iron, and aluminium cations. The higher the concentration of dissolved charged chemicals (also known as salts) in the water, the greater the electrical current that can be conducted (Pawlowicz, 2008; Visconti, 2010).

The higher the temperature of the water, the greater the ability of the water to conduct electrical charge. For this reason, electrical conductivity is always reported at a reference temperature of 25○C. An increase in the temperature of the water by just one degree Celsius will cause an increase of electrical conductivity by 2-3 percent, which is why it’s so important to measure the electrical conductivity of your water. If you need the EC of your water to be at a certain level, even minor temperature changes can cause significant EC fluctuations. Electrical conductivity in a river can be quite variable and still within natural levels that will not cause any harm.
The warmer the water, the higher the conductivity. The standard for conductivity in drinking water is 4.7-5.8, EPA (2008) and TBS (2016) (Chaurasia and Tiwari, 2018). It’s important to understand that the electrical conductivity of water should be measured for various reasons. The electrical conductivity should be less than 1 mS/cm if you produce drinking water. When working in the pharmaceutical industry, the water EC will need to be even lower and should be less than 1 uS/cm. Because seawater has ample salt and other chemicals within it, the measurements of this water will typically come in at 45-72 mS/cm (Laxen, 1977; Miller 1988; Pawlowicz, 2008; Visconti et al., 2010).

Conductivity is not a human or aquatic health concern, but because it is easily measured, it can indicate other water quality problems. If the conductivity of a stream suddenly increases, it indicates a source of dissolved ions in the vicinity Therefore, conductivity measurements can be used as a quick way to locate potential water quality problems. Increasing levels of conductivity and Cations are the products of the decomposition and mineralization of organic materials. High conductivity increases the corrosive nature of water (Vaishali and Punita, 2010).  The high values of EC might indicate that these drains are receiving large quantities of land runoff and industrial pollution and suggest potential irrigation problems in case of illegal and unofficial drainage use due to salinity hazards (Tanji and Big-gar, 1972; Rossum, 1975; Marion and Babcock, 1976) .
When it rains, water flows through and over the soil to our rivers, dissolving and picking up chemicals along the way. In regions underlain by chalk, rainwater will move into the soil, and then flow down to the chalk underneath. As water moves through the chalk,, magnesium and calcium carbonate will dissolve, raising the electrical conductivity. It generally takes decades for the water to move through the chalk to the river, so there is plenty of time to dissolve the chalk. Water residence time in rocks and soils is an important control of electrical conductivity. Human activity can change the EC by adding inorganic, charged chemicals to a river that will alter the electrical conductivity. For example, electrical conductivity may be higher in a river downstream of sewage treatment works due to chemicals such as chloride and phosphate from household products. 

Winter road runoff, containing salt, can be very high in electrical conductivity. If this runoff reaches rivers,, it may depending on the quantity of water, temporarily elevate the electrical conductivity in the river. Electrical conductivity is a water-quality property often measured when samples are collected for chemical analyses. A material like copper has a high electrical conductivity, which is why it’s typically used as electrical wiring in a home (McNeal et al., 1970). The high conductivity of copper allows an electrical current to travel through the wiring and over to a light bulb or ceiling fan. While pure water has very low conductivity, sea water has much higher conductivity. Different water types need to be measured for different reasons. For instance, the measurement of the electrical conductivity of water is very important for numerous industrial applications like cooling towers and boilers.

The reason that the conductivity of water is important is that it can tell you how much-dissolved substances, chemicals, and minerals are present in the water. Higher amounts of these impurities will lead to higher conductivity. Even a small amount of dissolved salts and chemicals can heighten the conductivity of water. If you’re in charge of a wastewater treatment facility, significant changes in the conductivity of water might indicate that a pollutant has entered the water. It’s also possible that it could signal a sewage leak (Vaishali and Punita, 2010). When the EC of water is higher, electricity will be more attracted to water, which is why it can be dangerous to use a smartphone while taking a bath or going for a swim while a thunderstorm is ongoing. Pure water has an extremely low electrical conductivity because of the lack of impurities within it. For water to properly conduct electricity, ions must be contained within it. When various chemicals and salts dissolve into the water, they will turn into negatively charged and positively charged ions. The positively charged ions that can affect water include potassium, magnesium, and sodium.

On the other hand, negatively charged ions include carbonate, chloride, and sulfate. A higher amount of a substance like a sulfate can cause scale buildup to occur, which can damage boilers and other pieces of industrial equipment. For environmental and industrial applications, measuring the electrical conductivity of water is a very straightforward and inexpensive method of identifying how many ions are present in the water. Once these measurements have been taken, the water can be properly treated if necessary (APHA, 2005; Chaurasia and Tiwari, 2011).

Natural and human impacts are among the factors that affect andhave an impact on the EC. Some human impacts on water EC include agricultural runoff, road salt, and septic leachate. You can change the electrical conductivity of water by understanding what elements can change the EC of water. The easiest way to change the EC is by increasing or decreasing the temperature of the water. While there are other treatment methods that you might need to look into for significant EC alterations, changing the temperature of the water should be enough for now. It’s important to use EC testing equipment to measure your water for many notable reasons.
 Since significant changes in the electrical conductivity of water indicate that a pollutant may have entered the water or that other issues are taking place, the readings you’re provided will help you determine if you need to treat the water. Identifying these changes will also help you keep issues like scaling and biocide at bay, the former of which will almost certainly make your boiler or cooling tower less efficient (Patil et al., 2012). This testing can be done in a wide array of environments and settings, many of which are industrial. Some of the more common uses of EC testing equipment occur with environmental testing, cooling towers, boilers, and laboratories with pharmaceutical testing. If the testing equipment is set to be used at a wastewater treatment facility, it can control the activated sludge process. While testing the EC of water is very important for companies, it’s also beneficial for individuals in certain situations. If you have an outdoor pool at your home, using EC testing equipment will allow you to identify the TDS levels in the pool water. If the levels reach above 2,000 PPM, the water will need to be filtered or drained to prevent scale buildup (Mosley et al., 2004).

The importance of knowinging the EC in water is that fish can only tolerate a specific electrical conductivity range; assessing the EC of water can be very beneficial for fisheries. Some other applications that call for the measurement of the EC of water include environmental monitoring, boiler protection, the monitoring of chemical concentration, and the monitoring of reverse osmosis. To create an ideal measurement, you should obtain a conductivity sensor that matches the specific application you need it for. Once provided with the EC readings, you can filter the water for better assignment or change the temperatures of the water altogether (Ezzat et al., 2012). 

2.5.7
 pH
The pH of a solution is the concentration of hydrogen ions, expressed as a negative logarithm, simply the negative base-10 log of the effective concentration of the hydrogen ion (H+) in moles/litre. The scale for measuring pH goes from 0 to 14, with 7 or under representing an acidic environment, and reading over 7 indicates an alkaline environment. It reflects the acidity or alkalinity of a solution; in this case, water with a pH of 7 is neutral, lower pH levels indicate increasing acidity, while pH levels higher than 7 indicate increasingly alkaline solutions. Higher values than 7 are normally expected in raw water due to the presence of carbonates or bicarbonates, as reported by (Fried et al.). The increase in pH in the rivers could be related to photosynthesis and the growth of aquatic plants, where photosynthesis consumes CO2 leading to a rise in the pH values. The pH value represents the instantaneous hydrogen ion activity and affects biological and chemical reactions in a water body. 
Most river water in areas not influenced by pollution generally has a pH between 6.5 and 8.5. Where photosynthesis by aquatic organisms takes up dissolved carbon dioxide during daylight hours, a diurnal pH fluctuation may occur, with maximum pH reaching as high as 9.0 (USGS, 2019). Practically every phase of water supply and wastewater treatment, such as precipitation, coagulation, disinfection, and corrosion control, is pH dependent (Classer 2021). Many equilibriums in water is pH-dependent, and pH affects the mobilization, speciation and toxicity of metals and other compounds (Classer 2021). The pH is measured electrochemically using pH meter. In waters with high algal concentrations, pH varies diurnally, reaching values as high as 10 during the day when algae use carbon dioxide in photosynthesis. 
Measurements of pH is very important because indicate the acidity or alkalinity of a sample. Rivers have some capacity to prevent changes in pH by the structure and composition of the river bed. However, drastic changes in pH can have detrimental effects on river health (Elizabeth Sheldon, 2017).  Low pH levels will cause fish to kill by stressing animal systems and causing physical damage, making them more vulnerable to disease.
The presence of limestone along river banks and in soil can lessen the effects of low pH levels. Other external factors that can cause fluctuations in the river pH include agricultural runoff, acidic mine drainage and fossil fuel emissions such as carbon dioxide, which creates a weak acid when dissolved in river water (Kruger 2017).

The instantaneous value of pH in a river does not, on its own, give very much information about the water's fitness for use unless the value is an extreme one. Changes in pH over time, however, are indicative of quite large changes in the water quality. Combining information about pH with other information, such as metal concentrations, can indicate potential problems. The pH also greatly affects the type of fish and other aquatic species present. Trout and bass seem to prefer alkaline streams, although the effect of pH is probably increased by the additional advantage of more food (Sell, 1981). The degree of dissociation of weak acids or bases is affected by changes in pH. This effect is important because the degree of dissociation affects many compounds' toxicity. Ammonia toxicity to fish increases, and cyanide toxicity increases as pH decreases (USEPA, 1986). The pH of water does not indicate its ability to neutralize additions of acids or bases without appreciable change. This characteristic, called "buffer capacity", is controlled by the amounts of alkalinity and acidity present, usually expressed as milligrams of CaCO3 per litre. Buffer capacity is the strong acid or base needed to change the pH value of a 1-litre sample by 1 unit (Classer 2021).

Unlike lakes and ponds, rivers are open systems where frequent water exchange occurs. Despite this fact, the organisms that depend on rivers require some equilibrium. Various indicators give a measure of the quality of a river. These measurements include dissolved oxygen, temperature, and pH, which measure hydrogen ion concentration. (Chris Dinesen Rogers, 2018)  Rain and groundwater are naturally slightly acidic, usually no lower than 6 on the pH scale. Most plants and animals tolerate this level of acidity without any problems.

Acid rain is precipitation containing nitric and sulfuric acids. While some natural occurrences like volcanoes and rotting vegetation contribute to these acids, the human activity of burning fossil fuels causes a majority of acid rain. When acid rain reaches the surface of the Earth, it can devastate ecological systems by killing populations, eliminating food sources and reducing biodiversity (Salequzzaman et al. 2008). When carbon dioxide is dissolved in water, forms a weak acid that can throw off pH balance. Carbon dioxide comes from numerous sources, including the respiration processes or decay of fish, insects, aquatic plants, algae and bacteria. The pH drops during the night when the algae do not synthesise food, yet they respire and produce carbon dioxide. As reported (ibid 2008), pH changes can affect the ecological balance of the aquatic system, and excessive acidity can result in the release of hydrogen sulphide (Walakira, 2012). The TBS recommends the appropriate pH range to be 6.5–9.5, WHO (2016) 6.5–8.5. The Ministry of Environment sets the pH standard for direct wastewater reuse as 5.8–8.5, the lower limit being somewhat low compared to the standards of other countries. Low pH values affect the mobility of heavy metals in the soil and can be absorbed by crops and contaminate water bodies.

Taking into account the existing agricultural water standards of pH 6.0–8.5 applied to stream, lakes and groundwater in Tanzania, and considering the effect of pH on irrigation facilities, raising the lower limit of the current pH standard for the direct wastewater reuse seems appropriate for upland crops, which requires additional irrigation facilities.

The pH value of rivers and wells may also be affected by domestic sewage and municipal and industrial wastewater discharges (Napacho and Manywele, 2010). The pH of water affects the solubility of many toxic and nutritive chemicals. As acidity increases, most metals become more water-soluble and more toxic. However,, a lower value below 4 will produce a sour taste while a higher value above 8.5 a bitter taste.  Furthermore, a pH below 6.5 corrodes pipes and releases toxic metals such as Zinc, Lead, Cadmium and Copper (Sawyer and McCarty, 1978).

Acidic and Alkaline rocks, soil, coral, and forms of organic debris will affect the pH level as the fluid washes over them and releases various minerals into the environment. These minerals, such as calcium and sulfide minerals, transform into organic acids and alkaline, which can cause the pH level to change (Chris McGann, 2018). Both sodium and calcium hypochlorite will have a minor effect on pH levels. Calcium hypochlorite is often used in potable water, and as a disinfectant in water treatment plants. Both compounds are easily introduced into the body and can change the pH levels measured by testing urine and saliva. Chlorine that becomes gaseous will radically reduce pH levels. For this reason, pools and other chlorinated water sources require constant monitoring as the added chlorine to treat the water may release itself in a gaseous form (if added incorrectly) and change the balance (Sawyer and McCarty, 1978).

Air pollution from manufacturing, transportation and other sources often contains nitrogen oxides and sulfur dioxides. Both of these compounds will transform into acids when introduced to water and other fluid types, significantly affecting pH levels (Cara Batema, 2018).
2.5.7.1 Acid Rain
When low-pH water spreads via precipitation, it is called acid rain. As it soaks into the ground and collects in streams, it can drastically change the ecosystem. (Chris McGann, 2018) Some acid rain occurs naturally due to rotting vegetation and volcanic activity. However, human activity contributes to the problem, as well. According to the EPA, fossil fuel combustion releases harmful gasses into the air, such as sulfur dioxide and nitrogen oxides. These chemicals mix with atmospheric water, gasses and other elements to create a mild acidic liquid solution. Rain, snow and other forms of precipitation deposit acidic water into the ground and waterways. Power plants and vehicles contribute the most to acid rain in the United States (Cassandra Tribe, 2017).

Rainwater is naturally slightly acidic, with a pH of about 5.0. Natural variations and human pollutants may cause rain to be more acidic. Depending on the region, season and presence of pollutants, the pH of rain may drop to as low as 2.0 (the acidity of vinegar). Even in areas that are minimally affected by human pollution, the pH of rain can range from 4.5-5.0. Volcanic areas, including Hawaii, may experience more acidic rain because of the sulfur-based compounds released into the atmosphere by volcanic activity. In non-volcanic areas, acid precipitation is generally caused by human pollution. Coal power plants release compounds that form sulfuric acid, causing rain to become as acidic as lemon juice in some areas (Juniper Russo, 2017).

2.5.7.2 Causes of Acid Rain 
Acid rain, which is responsible for 75 percent of acidified lakes and 50 percent of acidified streams in the United States, is caused by the release of chemical precursors into the atmosphere by natural processes, such as volcanic eruptions and decaying vegetation, as well as man-made processes, primarily from fossil fuel combustion for the generation of electrical energy. These precursors combine with water, oxygen and other chemicals within the atmosphere, creating sulfur dioxide and nitrogen oxides. The chemicals then combine with water droplets and fall from the atmosphere, acidifying the land and waters upon which they fall (Patrick Stothers Kwak, 2018).

2.5.7.3 Effects of Acid Rain 
The effects of acid rain are most clearly seen in aquatic systems such as lakes, streams and ponds. Most aquatic systems have a neutral pH range of 6 to 8. Lakes that are affected by acid rain have a lower pH, which correlates to the acidity of the water. As acidity increases, aluminium begins to release from the soil, further increasing the toxicity of the environment. The acid and aluminium contamination harms the flora and fauna species, with a drop in one pH unit corresponding to the loss of approximately four plant and fish species within an ecosystem (Milton Kazmeyer, 2019). One of the most devastating side effects of pollution is increased acidity in rain and groundwater. This affects animals and plants and has long-term implications for our environment.

i. Effects of Acid Rain on Acid Rain and Water Sources

The U.S. Environmental Protection Agency says the effects of acid rain are most obvious in aquatic ecosystems. Water runoff from forests and roads often flows into streams, lakes and marshes, and acid rain also falls directly into these water sources. While some water sources are naturally more acidic, most lakes and streams have a pH between 6 and 8. As of 2012, the National Surface Water Survey reports that acid rain caused 75 percent of acidic lakes and 50 percent of acidic streams. Some water sources now have a pH of less than 5, (Patrick Stothers Kwak, 2018).
ii. Effects Acid Rain on Acid Rain on Fish

Acidic water robs fish and other aquatic species of sodium in the blood and oxygen in the tissues. Additionally, it affects the functioning of fish gills. Some species tolerate acidic water better than others. Brook trout tolerate water with a pH as low as 5.0, while smallmouth bass feel the effects at 6.0. Even if the acidity does not kill fish, the additional stress can stunt growth and make them less able to compete for food. Acidic water also poisons fish eggs, as they will not hatch if the water pH is too low. The U.S. Environmental Protection Agency has found that most eggs will not hatch in water with a pH of 5.0 or less (Yunnan, China; 2018).
iii. Effect of Acid Rain on Acid Rain on Flora

Acid rain is particularly harmful to trees and other plants. Acid rain adds aluminium to the soil and destroys important nutrients. As a result, trees and plants can less absorb the groundwater they need for growth. Additionally, acid rain damages plant health, making them less resistant to insect damage and disease. Acidic water similarly affects aquatic plant life, destroying important food sources (Yunnan, China; 2018).
iv. Effect of Acid Rain on Acid Rain on Aquatic Life
Acid rain creates conditions that threaten the survival of aquatic life. Arthropods and fish die in water with a pH of less than 5. The sensitivity of amphibian eggs to acidity contributes to their decline. While normal lakes might be home to nine to 16 species of zooplankton, acidic lakes retain only one to seven species, reports State University of New York professor Thomas Wolosz. Water with low pH also causes gill damage in fish and death to fish embryos. Reproductive failure is the primary way acid rain causes animal extinction in aquatic systems, says Wolosz. Some affected fish have a low calcium level, which affects reproductive physiology, and some females do not even release ova during mating season in acidic lakes. Also, since the level of carbon dioxide rises in acidic water, the level of carbon dioxide in the blood increases; thus, oxygen consumption increases, and the rate of growth decreases in animal species. Additionally, bones decalcify due to increased carbon dioxide, which causes deformity in animals.

v. Effects of Acid Rain on Acid Rain on Microorganisms

In addition to the direct effects on fish, acid water also destroys ecosystems by killing organisms lower on the food chain. For example, the Pennsylvania Department of Environmental Protection found that mayflies are particularly vulnerable to acidic water because it lowers the sodium in the blood. Consequently, species feeding on mayflies will leave an affected area or starve.

vi. Effect of Acid Rain on Bird Life

One less obvious effect of acid rain involves bird life. According to a study by Miyoko Chu and Stefan Hames of the Cornell Lab of Ornithology, acid rain is linked to the population decline of the wood thrush. Because female birds require more calcium to solidify their eggs, they rely on calcium-rich foods like snails. In areas of acid rain, snail populations disappear, leading to bird egg defects. The Cornell Lab and Wolosz cited similar occurrences in the Netherlands, and eggshell defects triggered by acid rain might be the No. 1 cause of loss of bird biodiversity in certain regions.

vii. Effect of Acid Rain on Other Animals

Acid rain indirectly affects other animals, such as mammals, which depend on animals like fish for food sources. The EPA reports that acid rain causes a reduction in population numbers and sometimes eliminates species, which in turn decreases biodiversity. When one part of the food chain is disturbed, it affects the rest. The loss of biodiversity affects other species that rely on those animals for food sources. For example, when fish populations are depleted in certain lakes, mammals like bears or even humans who eat those fish need to find alternate food sources; they can no longer survive in their current environment. More directly, according to Nature.com, breathing acid particles causes respiratory problems like asthma, bronchitis and pneumonia in humans (Juniper Russo, 2017).

2.5.8
 Dissolved Oxygen

Dissolved oxygen (DO) is the amount of oxygen in water. Water bodies receive oxygen from the atmosphere and aquatic plants. Running water, such as that of a swift-moving stream, dissolves more oxygen than the still water of a pond or lake (USEPA, 2017). DO is required for aerobic organisms' metabolism, influencing organic decomposition. DO is often used as an indicator of water quality, such that high concentrations indicate good water quality. Inadequate DO may contribute to unfavourable environmental conditions in which aerobic bacteria are replaced by anaerobic ones leading to water deterioration and disagreeable odours due to the production of gases (H2S, NH3 and CH4) (El-Sherbini et al., 2009).
 Dissolved oxygen can be reported in two ways; either as a concentration or as a percentage of the saturation concentration. Atmospheric conditions, temperature, and salinity affect the solubility of oxygen in the water. As the atmospheric pressure on the high lying is only 80% of that at the coast, the saturation concentration for identical waters will differ by the same margin. A lower dissolved oxygen concentration in the high-lying parts of the country than at the coast does not, therefore, indicate that the fitness for use in terms of aquatic life is affected by any upstream activity. To be able to compare different waters in different parts of the country, the dissolved oxygen will be reported as a percentage of the saturation concentration. DO concentrations showed variable results according to site nature and extent of pollution. Depletion in DO might indicate high organic matter and nutrient load (El-Gamel and Shafik).

The amount of DO depends highly on temperature and salinity, such that oxygen is low in highly saline waters and vice versa. Its budget usually increase with a decrease in temperature. The DO depletion could be anticipated to the microbial decomposition of the excessive organic matter discharged directly from the drains. DO is considered an important measure of water quality as it directly indicates an aquatic resource’s ability to support aquatic life. For the National Aquatic Resource Surveys (NARS), levels of DO are measured with a calibrated water quality probe meter, usually in conjunction with measurements for temperature and pH. While each organism has its own DO tolerance range, generally, DO levels below 3 milligrams per liter (mg/L) are of concern and waters below 1 mg/L are considered hypoxic and usually devoid of life(USEPA, 2017). The WHO permissible limits of DO should not be less than 5 mg/l. (El-Sherbini 2014). 

Oxygen is a fundamental constituent of natural waters. It is only moderately soluble in water. Dissolved oxygen (DO) in natural water varies with temperature, salinity, water turbulence, and atmospheric pressure (CCREM, 1987). Without DO, streams and lakes become uninhabitable to most aquatic life. Fish and other desirable clean-water biota require relatively high DO levels at all times. An adequate supply of dissolved oxygen is essential for maintaining self-purification processes in natural water systems and water treatment plants (Vesilind & Peirce, 2003). Because the concentration of DO in water changes very easily, it presents special problems in measurement. The simplest procedure is to use a portable probe and measure the concentration in situ. This method provides the fastest results. A titration method (Classer 2017) is often used to measure DO. It requires fixing the oxygen when the sample is collected and then measuring the concentration in the laboratory.

Dissolved oxygen is "probably the most important measure of water quality" (Vesilind & Peirce, 2003), at least for aquatic life. Aquatic life is so dependent on DO that low concentrations can indicate the unsuitability of the aquatic habitat in the absence of any other information. Because DO often varies with water depth, readings can be taken at several points in a cross-section to estimate the average concentration. The probe also eliminates the need to submit samples to regional laboratories for titration since the titration must be completed within 24 hours of sample collection.

We can also measure DO by measuringing biochemical oxygen demand (BOD), which is a measure of some of the processes that consume oxygen in the water as an alternative method. It can indicate a tendency for decreased DO concentrations, but it does not, in itself, indicate that water is unfit for use. It does indicate that the water has been contaminated with organic material. It has the advantage of being a laboratory measurement, eliminates the necessity to supply each sampler with a field instrument. It has several disadvantages, some of which are that it requires a minimum of five days and a large number of sources of error.

It is important to evaluate DO because all aquatic animals need DO to breathe. Low levels of oxygen (hypoxia) or no oxygen levels (anoxia) can occur when excess organic materials, such as large algal blooms, are decomposed by microorganisms. During this decomposition process, DO in the water is consumed. Low oxygen levels often occur at the bottom of the water column and affect organisms living in the sediments. In some water bodies, DO levels fluctuate periodically, seasonally and even as part of the natural daily ecology of the aquatic resource. As DO levels drop, some sensitive animals may move away, a decline in health or even die (USEPA; 2017).

2.5.9
Total Coliforms 

Coliform bacteria are facultative anaerobic, Gram-negative, non-spore-forming rods that ferment lactose vigorously to acid and gas at 35 ± 2 °C within 24 or 48 h.  Some coliform bacteria are associated with the intestines (colon) of warm-blooded animals (called faecal coliforms), while others are related to plant material (Olivieri, 2012). Coliform bacteria are considered indicator organisms because their presence in foods indicates that circumstances are suitable for the presence of enteric pathogens and may signify insufficient sanitary conditions. The coliforms are considered to be hygiene indicators, and the fact that they are detected in large amounts from food may indicate insufficient heating or secondary contamination after heating.
 This increases the contamination risk of food poisoning bacteria. Genus Aeromonas, Citrobacter, Enterobacter, Hafnia, Klebsiella/Raoultella, Pantoea, and Serratia were targeted, and seven types of strips were developed (Tominaga, 2019). The detection rate of food-isolated coliform bacteria remained at 38–76% in each strip, but it reached 100% by combining all seven strips. Listeria monocytogenes is a human pathogen. The appearance of Listeria spp. Other than L. monocytogenes in the food chain is an indicator of poor hygiene. Listeria innocua, Listeria ivanovii, Listeria grayi, and Listeria welshimeri were detected by LFIA using Abs against a genus-specific P60 protein (Wang et al., 2017).

The most basic test for bacterial contamination of a water supply is the test for total coliform bacteria. Total coliform counts give a general indication of the sanitary condition of a water supply. Coliforms are bacteria always present in the digestive tracts of animals, including humans, and are found in their wastes. They are also found in plant and soil materials. Water pollution caused by faecal contamination is a serious problem due to the potential for contracting diseases from pathogens (disease-causing organisms). Frequently, concentrations of pathogens from faecal contamination are small, and the number of different possible pathogens is large (Farkye, 2014).
 As a result, it is not practical to test for pathogens in every water sample collected. Instead, the presence of pathogens is determined with indirect evidence by testing for an "indicator" organism such as coliform bacteria. Coliforms come from the same sources as pathogenic organisms. Coliforms are relatively easy to identify, are usually present in larger numbers than more dangerous pathogens, and respond to the environment, wastewater treatment, and water treatment similarly to many pathogens. As a result, testing for coliform bacteria can be a reasonable indication of whether other pathogenic bacteria are present. Total coliforms include bacteria found in the soil, in water influenced by surface water, and in human or animal waste (New York State department of health, July 2017).
The total coliform test is sufficient for final drinking water quality because the presence of any coliforms after treatment is unacceptable. An additional test is used to identify faecal coliform bacteria. The gut and faeces of warm-blooded animals generally host organisms capable of producing gas from lactose in a suitable culture medium at 44.5 ±0.2°C (Classer 2017). Since coliform organisms from other sources often cannot produce gas under these conditions, this criterion defines faecal coliforms (Classer 2017). This test does not distinguish between human and animal faecal contamination. Klebsiella satisfies this test and can reproduce and grow in the presence of nutrient-rich effluent (Pipes, 2002).

Differentiation of faecal coliform colonies is necessary to identify coliform types of human faecal origin. A series of tests are administered to the colonies produced in the faecal coliform test, and the results used to classify the colony's species. Identifying a particular species is not conclusive proof that the source was human faeces, although it can be strong evidence (Dufour, 2004). All types of coliform organisms may occur in faeces. 

Measurements of total coliform densities are very important because it will provide more confidence that the river is polluted with human sewage. The uncertainty associated with reporting only faecal coliform will be decreased (Classer 2017).However, one disadvantage is that it is very time consuming compared to other tests (Smith & van Rossum, 2005). As discussed above, the use of coliform densities as an indicator of pollution from human faeces is common. The ratio of faecal coliform to faecal streptococci can be used as an indicator of pollution from human faeces. Because the proportion of coliform bacteria is different in humans and in other animals, the ratio can be used to distinguish the source of faecal pollution (Olivier, 2002). The ratios of faecal coliform to faecal streptococci (FC/FS) are generally greater than 4.0 for human faeces and are less than 0.7 for most animals (Olivier, 2002). There is evidence that those ratios for the faeces of birds may be nearly the same as for the faeces of humans under some conditions, and the value of the ratio is only useful during the initial 24 hours of downstream travel from the point of discharge (Geldreich 2009).

 The water quality standards of most countries are based on the revised WHO guidelines. The current coliform bacteria regulation for direct wastewater reuse is much stricter than before. Therefore, using treated wastewater to irrigate food crops with the current treatment and water quality standards is inappropriate. Even for processed food crops, additional treatment is needed. Especially considering the current water quality standards that use the maximum allowable value and the treated wastewater quality. Through examining the water quality of sites that adopt indirect wastewater reuse for paddy irrigation, total coliform was detected during the irrigation period, even for sites irrigated by relatively clean water derived from a reservoir.

It was also found that the total coliform of the irrigation water containing untreated wastewater. Studies showed that the human health risk of irrigating treated wastewater is nine times higher than that of irrigating groundwater. Still, even with the extremely high total coliform level, there have rarely been any reports of human harm from using treated or untreated wastewater for rice paddy irrigation (Geldreich 2009).
This indicates that the subjected level of total coliform can be easily found in nature and is inadequate as an indicator for microbes. There have been numerous studies of human health risks regarding crops consumed raw, but, as has been proven through many researches, results can vary depending on the initial conditions or the design of the experiment. Therefore, there needs to be an attempt to lower the public concern about wastewater reuse practices and to eliminate human health risks by looking at the problem conservatively (Bassett 2019). To achieve such goals, it is recommended that reference countries adopt strict and conservative wastewater reuse standards, especially for crops that are consumed raw. Generally, paddy rice has a low risk of pathogenic bacteria infection since it goes through polishing processes and is consumed after being cooked. However, due to the nature of rice paddy cultivation, the irrigated water is contained for a certain period in paddy fields; therefore, when using treated wastewater for irrigation, issues of hygiene and safety of the farmer should be considered (Marry 2019).

The main source of pathogens in drinking water is recent contamination from human or animal waste, from improperly treated septic and sewage discharges leaching of animal manure Stormwater runofffrom domestic animals or wildlife. During and after precipitation, bacteria and other harmful microorganisms from these sources may be washed into rivers, lakes, or groundwater. Poor  construction, or poor maintenance can increase the risk of groundwater contamination. Health Risks: Coliform bacteria have no taste, smell, or colour in water. They can only be detected through a laboratory test (Jordi Morató, Ferran Ribas, 2003).

The health effects of exposure to disease-causing bacteria, viruses, and parasites in drinking water areas varied. The most common symptoms of the waterborne illness include nausea, vomiting, and diarrhoea. Infants, the elderly, and those with compromised immune systems may suffer more severe effects. In extreme cases, some pathogens may infect the lungs, skin, eyes, nervous system, kidneys, or liver, and the effects may be more severe, chronic, or even fatal (Halkman, Halkm , 2014). You should not assume that your water is safe to drink just because it has not made you sick. If bacteria are present in your water, there is a risk that it could make you ill. Testing regularly tests your well water for a standard suite of bacterial and chemical parameters, including total coliforms. To kill microorganisms, you must keep water at a rolling boil for at least one minute. Water can be boiled either in a pot or kettle on a stove, in a microwave oven, or an electric kettle without an automatic shut-off. (Abd El-Salam, 2003). In coliform analysis, various bacteriological media are used to detect the coliform bacteria in water and food, including violet red bile agar, m-Endo agar/broth, lauryl sulfate tryptose broth, and brilliant green bile broth. Most of these media contain lactose as the primary fermentable sugar. 
For some procedures, such as those using violet-red bile agars, the acid production of presumptive coliform colonies must be confirmed by transfer to a fermentation tube (i.e., brilliant green bile broth with an inverted gas tube). Additionally, membrane filtration systems are used widely in coliform analysis in beverages, drinking, and potable water (Marie Robert, 2009). To analyse coliforms in low-level contaminated water and beverages, membrane filtration is the main method. Samples to be tested are passed through a membrane filter of a particular pore size (generally 0.45 μm). When the filter is placed in a sterile Petri dish with an appropriate medium, the target bacteria grow well, while the accompanying microbiota is suppressed at 35 ± 2 °C. Each cell develops into a separate colony that can be counted directly, and the results are calculated as the microbial load. Sample volumes of 10, 100, or 250 ml are used for the water testing, to achieve.  The final desirable colony count range is 20 – 60 colonies per filter (Tatsuya Tominaga, Masaharu Ishii., 2020).

There are alternative testing procedures based on detecting enzymes specific for coliform bacteria. These methods have been applied in rapid screening and confirmation procedures for food and water. The detection of β-d-galactosidase is used widely in coliform analysis (Tatsuya Tominaga, Masaharu Ishii, 2020).

2.6
 Variation of physicochemical and bacteriological parameters along a river profile 

Rivers are hydro morphologically assessed in line with the Water Framework Directive. To assess the quality of the Karanga River environment, the River Habitat Survey method was applied. The research studies, conducted in April and June 2021, provided an overview of hydro morphological issues and also covered measurements and laboratory analyses on the Variation of physico-chemical parameters of the Karanga River at the longitudinal river profile. Also, river profile has been used to determine water quality at various locations based on inputs of pollutants received by that water body. The river has been assigned a distance as kilometer, starting from its source as a control to Shirimatunda ward. The features assigned kilometres along the length of a river are sampling stations (Sharma et al., 2008).
2.7
Quality variability of river water 

Many different activities on land, like agriculture, urbanization, mining, and logging, indirectly affect the quality of water; many transport pathways, including storm, groundwater sewage, leaching water runoff, discharge from treatment plants and groundwater sewage, are mostly entered pollutants in a river system. Heavy rains and high-flow events wash sediment, bacteria, nutrients, pesticides and other things from the land and into nearby rivers, lowering water quality. These pathways are also seasonal-dependent. The high quantity of water in the river can also affect the water quality. On the contrary, the less water in the river lowers the capacity of a water body to dilute and assimilate wastes. Low-flow situations are often particularly sensitive to water quality stressors. For example, concentrations of substances that are more or less continuously added into water, but in low doses, will increase and might reach levels toxic to organisms or concentrations might exceed bathing and recreational water quality standards (Vaishali and Punita, 2010).

2.8 
Effects of polluted water on the environment
The effluents and runoff are complex, and the degree of their pollution effect upon the quality of water bodies depends on the constituents of the individual effluent and their corresponding concentrations/loads. Water quality degradation is a principal cause of water scarcity and may reduce the amount of freshwater available for potable, agricultural and industrial use. Polluted water that cannot be used for drinking, bathing, industry, or agriculture effectively reduces the amount of water available in a given area, directly impacting water quantity. The water of poor quality affects vulnerable communities and those lacking political and economic power. These communities include those that live near waterways of poor quality, are forced to travel long distances to reach safe water supplies and suffer the most from diseases caused by unsafe water. Groups most affected by poor water quality include the poor in developed and developing countries, women, and children (UNDP, 2006). Pollutants may cause some changes to the quality of the water body by introducing a pungent smell and colour, increased temperatures, change in the pH and decreased dissolved oxygen. Widespread water quality problems degrade ecosystem services, imposing costs on local populations and governments in pollution control projects (Palaniappan et al., 2010).

Water pollution destroys important food sources and contaminates drinking water with chemicals that can cause immediate and long-term harm to human health. Water pollution also often severely damages aquatic ecosystems. Rivers, lakes, and oceans are open sewers for industrial and residential waste. Pesticides, herbicides, oil products, heavy metals (such as mercury, lead, and zinc), detergents, and industrial wastes can kill aquatic organisms outright or make the environment so inhospitable that species can no longer thrive. Unlike terrestrial dumps, whose effects are primarily local, toxic wastes in aquatic environments diffuse over a wide area. Many aquatic environments are naturally low in essential minerals, such as nitrates and phosphates, and aquatic species have adapted to the natural scarcity of minerals by developing the ability to process large volumes of water and concentrate these minerals. When these species process polluted water, they concentrate toxic chemicals along with the essential minerals, which can eventually poison the plant or animal. Species that feed on these aquatic species then ingest these high concentrations of toxic chemicals.

Essential minerals beneficial to plant and animal life can become harmful pollutants at higher levels. Human sewage, agricultural fertilizers, detergents, and industrial processes often release large amounts of nitrates and phosphates into aquatic systems, causing cultural eutrophication. For instance, humans release as much nitrate into the environment as all natural processes, and this input is expected to increase in tandem with the increasing human population. Even small amounts of these nutrients can stimulate plant and animal growth. High concentrations often result in thick algae blooms at the surface of ponds, lakes, and coastal areas. These algal blooms may be so dense that they outcompete with other plankton species and shade out bottom-dwelling plant species. As the algal mat becomes thicker, its lower layers die and sink. Bacteria and fungi decompose the dying algae, absorbing all the oxygen in the water. Without oxygen, much of the remaining animal life dies off, sometimes visibly in the form of dead fish floating on the water's surface. The result is a greatly impoverished and simplified community consisting of only those species tolerant of polluted water and low oxygen levels. 
CHAPTER THREE

MATERIALS AND METHODS

3.1
 Study area

Karanga River is located the Southwest of Mount Kilimanjaro and drains water from the western slopes of the Mountain. It is about 40.66 kilometers long and is fed by Msoo, Lombanga and Umbwe River upstream, while Weruweru River joins Karanga River downstream then discharge its water into Kikafu River and later joins Kikuletwa River and discharge its water into Nyumbaya Mungu dam as shown in Figure 3.1. The effluents from some human activities due to population increase in river areas and use the river as an open dump for solid waste. Municipal waste, agricultural from a farming company like TPC, runoff and industries from Bonite bottlers industry, Serengeti breweries, Kibomatch industry and China paper industry are channelled into Karanga River.
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Figure 3.1 Map of Kilimanjaro region showing the location of Karanga River
Table 3.1 Water sampling points locations, elevation and distance between points
	Sampling point name
	Latitude
	Longitude
	Elevation (m)
	Distance (Km)

	Kirima Juu(Control/source)
	3o.14.356΄ 
	37o18.930΄ 
	1,282 
	7.06 from the forest

	Shirimatunda ward

 (Most domestic, agricultural and industrial activities take place)
	3o22.363΄ 
	37o19.320΄ 
	774 
	24.92 from the forest


3.1.1
 Climatic conditions
The climate is warm and temperate in Kilimanjaro. In winter, there is much less rainfall than in summer. January and February are the warmest, April and May are the wettest, June and July are the coolest, and August and September are the driest. This climatic is, according to Lyamungo Meteorological station, the mean annual humidity estimated to be 48%, and the annual range of temperature is from 14○ to 35○ C. rainfall patterns, the highlands receive about 1000-2000 mm annually, while the lowlands receive 500-600 mm, the average rainfall is 825 mm per year it is long in April-June and short in November-December, (PBWO, 2018).

3.1.2 
The Population Domestic, Social and economic activities

Karanga River, 40.66 km long, is the main source of water for several activities in Kilimanjaro for the people living near it and the neighbouring place. Activities conducted along and nearby the river include agriculture, industrial and domestic activities. Agriculture in 2020 to current we have seen agriculture expand alongside the river compare to before, which was only done upstream due to the increase in population; sugarcane plantations also depend on this river, then industrial activities several industries are located within the watershed including China paper industry, Kibo match industry, Bonite bottlers industry, Serengeti breweries and Kibo paper industry. Apart from that, it is an essential source of domestic water in the area. About 700 populations depend on it (MUWSA). 

3.1.3
 Possible sources of pollution in Karanga River
The degradation of water quality in Karanga River depends on: flow, population, use pattern, availability of sanitation systems, density, and extent of industrialization, social and economic conditions. This river flows through the industrial area of China paper industry, Kibomatch industry, Bonite bottlers industry, Serengeti breweries and Kibo paper industry. Although these industries are situated some distance away from rivers, effluents from China paper and Bonite bottlers’ industries are channelled into Karanga also, the river flows through residential areas where there are human activities such as sewage system, urbanization and mining activities (MUWSA, Peters and Meybeck, 2000) then flows through an agricultural area that can tend to cause the rivers to receive agricultural runoffs, effluents and agrochemical inputs. The discharge of untreated or partially treated industrial and domestic wastewater, leaching of pesticides and residues of fertilizers; disposal of solid wastes; and navigation are often factors that affect the quality of water in Karanga river, and since it is running close to the sugarcane plantations at some points, the rivers receive agricultural runoffs, effluents and agrochemical inputs.

3.2
 Study design 
This study involved sampling of water from two selected points along Karanga River. Sampling stations were selected in this study purposively, one from its point source and the other to the consumer level at Shirimatunda ward, where most domestic activities take place (Figure 3.1). The study area was selected to coincide with where domestic, agricultural, municipal and industrial pollution was evident. This was between Kirima Juu, which was upstream, closer to the forest reserve as a control point and other to the consumer level at Shirimatunda ward, where most domestic activities take place along Karanga River. Sampling points were located as shown in figure 3.1. This study also involved examining prevalent health problems in the Shirimatunda division associated with water sources from Karanga River.

3.3
  Sampling of river water for physical-chemical analysis and characterization
Sampling followed the standard method (AS/NZS, 1998). The 500 ml plastic bottles were washed well and rinsed with 2% HCl. The bottles were rinsed several times again with sampled water, and the water samples were collected securely from the subsurface layer near the middle of the river from well-mixed sections at a depth 30 cm. The water samples were kept in a cool box (around 4oC). Sample bottles were labelled by using mask tape and pen, and those labelled samples were recorded in a field notebook and transported to the laboratory for physical and chemical analysis. 
Samples were collected from different sites, one from Kirima Juu (upstream) as a control, and another the consumer level at Shirimatunda ward where most domestic activities occur as indicated in Table 3.1. A total of 16 samples were collected from those locations in two different seasons, the dry season and rainy season months of February and April 2021, from Karanga River. Water samples were collected in April because the rainfall is the maximum mean of 390 mm, according to Lyamungo Meteorological Department, and it is the period when agricultural activities are in high season, while in February, the rainfall is the minimal mean of 1mm so that the variation could be checked. In addition, in April, industrial activities are high. All samples collected for examinations were stored in the cool box while in the field and immediately transported to the MUWSA laboratory for analysis; therefore, no preservatives were added to the samples.

3.4
In situ testing for Physical-chemical Parameters

Temperature, Total Dissolved Solids, electrical conductivity, dissolved oxygen and pH parameters were measured immediately in the field using portable equipment.

3.4.1
 Temperature measurements 
The temperature was measured in situ because water samples gradually reached the same temperature as the surrounding air. A glass thermometer was used and immersed until the liquid column in the thermometer stopped moving. The temperature was read directly and recorded to the nearest 0.1 °C.

3.4.2 
TDS measurements 

TDS was measured in situ in the river using a conductivity meter. The E.C meter was turned on, and its electrode dipped direct into the river. The TDS was read directly and recorded.

3.4.3
 Electrical Conductivity (E.C) measurements

Because conductivity changes with storage time were measured in situ in the Karanga River using a conductivity meter. The E.C meter was turned on, and its electrode dipped direct into the river. The electrical conductivity was read directly and recorded.

3.4.4
 Dissolved Oxygen measurements 
 Dissolved Oxygen was measured in situ in the river using DO meter. The DO meter was turned on, and its electrode dipped direct into the river. The DO was read directly and recorded.

3.4.5
pH measurements 
The pH was measured in situ in the river using a pH meter turned on, and its electrode dipped directly into Karanga river. The pH was read directly and recorded. 
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Plate 3.1 In-situ measurements of temperature, TDS, electrical conductivity, DO and pH
3.5
 Laboratory measurements

Laboratory analysis of samples was done by following procedures described in Standard Methods for Examinations of Water and Waste Water (APHA/AWWA/WPCF, 2005) at MUWSA laboratory for Turbidity, Colour, Total suspended solids (TSS) and Total coliforms.

3.5.1
 Determination of Turbidity 
Turbidity was measured in the laboratory by using a Turbidity meter, and sample cells were used. The sample cell was filled with sample and closed. The prepared sample was inverted into the cell holder and closed; then the turbidity was recorded directly.

3.5.2 
Determination of actual colour 
A spectrophotometer determined true colour. The samples were filtered using filter paper of size 5.5cm, membrane filter, filter holder, filter flask and aspirator. The residue was rinsed by pouring 50 ml of deionized water through the filter, and the filtrate was discarded. A sample cell was filled with 50 ml of deionized water as a blank. 50 ml of sample was poured through the filter. A second sample cell was filled with 50 ml of the filtered sample ready for analysis. The blank was placed inthe cell holder, and the display showed zero reading. The blank was removed from the cell holder,, and the filtered sample was placed into the holder. The light shield was closed, and then the values were recorded.

3.5.3 
Determination of Total Suspended Solids (TSS) 
TSS was analyzed in the laboratory by using a conductivity meter. The E.C meter was turned on, and the sample cell was filled with samples and closed. The prepared sample was inverted into the cell holder and closed, and then the TSS was recorded directly.

3.5.4
Analysis of Total Coliforms 

Samples were examined within 6 hours after collection according to Standard Methods for Examination of Water and Wastewater. The membrane filter method was used; the filter was placed in a Petri (culture) dish on a pad with growth enrichment media and was incubated for 24 hours at 35○C.  The coliform bacteria were counted directly from the dish. 
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Plate  3.2 Laboratory measurement of Turbidity, Colour, TSS and Total Coliforms
3.6
 Sampling for Prevalent Health Problems
For prevalent health problems, the population was the total number of people (male and female) in the Shirimatunda ward. Simple random sampling as used, where respondentswere selected randomly. The total number of people in Shirimatunda ward is estimated to be 5,485, where 2,135 are males, and 3350 are females (URT, 2021 projection). A sample was used because it permits a high degree of accuracy. The following formula was used to determine the sample size.
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Whereby, 

n is the sample size

N is the number of respondents (total number of people)

e is sampling error (5%)

N = 5485

n =[image: image6.png]5485

= 37281~ 373
145485 (0.05)°
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 Therefore 373 respondents were included in this study as a sample size. Also, key informant such as the division health officer was included.

3.7
 Data by statistical analysis 

Data were sorted, coded, summarized and analyzed using Statistical Package for the Social Sciences (SPSS, version 20).  Data were analyzed based on descriptive features, and inferential analysis according to the objectives of this study. Physical-chemical and bacteriological parameters of water samples from Karanga river were determined within 24 hours of sample collection time. Therefore, the parameters determined were compared with standard parameter limits identified by TBS, WHO (2016) and FAO (2008), hence suggesting its implication for human health.

3.8
 Variation of physic-chemical & bacteriological parameters along Karanga River 
Physical and chemical, and bacteriological parameters such as Turbidity, Temperature, Color, Total Dissolved Solids (TDS), Total Suspended Solids (TSS), Electrical Conductivity (EC), pH, Dissolved Oxygen (DO) and Total Coliforms (TC) carried out and analysed statistically by using SPSS Version 20 software. Mean, and standard deviation was used to test the spread of data. Way -Analysis of variance (ANOVA) was done to find out if there are differences in the means of parameters from both sampling points in the river in the February and April seasons. The significant level (α = 0.05) was used to test the variation between individual means.

3.9
 Monthly variation and correlations 
Monthly variation in Physical and chemical parameters from Karanga river was analysed statistically using SPSS Version 20 software. The mean and standard error were used to assess the spread of the data. An Independent T-test was done to determine whether there are monthly differences in the means of Physical and chemical parameters between the February and April (rainy and dry) seasons. Differences between seasons were tested using the significant level (α= 0.05). Monthly variation values were considered significant if calculated P-values were < 0.05. Correlation analysis was done to test the relationships between various parameters in both sampling sites. 

Table 3.2: Physico-chemical and bacteriological quality requirements for natural water
	SN
	Characteristic
	Unit
	Technique 
	TBS

(2016)
	WHO

(2016)
	FAO

(2008)

	01
	Turbidity
	NTU
	Digital Turbidity meter
	25
	5
	35

	02
	Temperature
	○C
	thermometer
	25
	25
	25

	03
	Color
	Pt. Co
	Standard gravimetric method
	1-50
	10
	-

	04
	Total dissolved solids (TDS)
	Mg/l
	Digital Conductivity meter.
	500
	500
	2000

	05
	Total suspended solids (TSS)
	Mg/l
	Digital Conductivity meter.
	500
	30
	-

	06
	 Electric conductivity (EC)
	μS/cm
	Digital DO meter
	600
	400
	700

	07
	pH
	-
	pH meter
	6.5-9.2
	6.5-8.5
	6.5-8.5

	08
	Dissolved oxygen (DO)
	Mg/l
	spectrophotometer
	6
	6
	>4

	09
	Total Coliforms (TC)
	CFU/100mL
	Filter technique
	500
	0
	1000


CHAPTER FOUR

 RESULTS AND DISCUSSION
4.1
 Introduction
In this chapter, the results and discussion of selected physical-chemical and bacteriological parameters collected from the selected points along Karanga River are calculated and presented.

4.2
 Demographic characteristic

This section presents the findings obtained using questionnaires and unstructured interviews to meet the desired objectives.
Table 4.1 Shows that 373 respondents were involved in filling out the questionnaires, where Males were 206, which is equivalent to 55 % of the total respondents, and females were 167, which is equivalent to 45 % of the total respondents. The sample comprised more males than females. The results further indicate that the age of respondents out of 373 respondents, 58.2 % of respondents were from 18 to 30 years, 27.1 % of respondents aged 31 to 40 years, 12.3 % of respondents from 41 to 50 and 2.4 % of respondents were above 50. This implies that a large percent of the respondents who responded to the questionnaire were between 18 to 30 years, which was equal to 58.2% of the total sample population. The result also implies that the study area is highly populated by youth.  From table 4.1 above, 25 % of the respondents had primary education, 55 % had secondary education, and 20 % had a college education and above. 

Table 4.1 shows that out of 373 respondents, 34% of the respondents were single, 32% respondents were married, 18% were cohabiting, and the rest, 16%, were separated.

Table 4.1 shows that out of 373 respondents, 52 % of the respondents were Muslims, 47 % of the respondents were Christian, and 1 % were non-religious.

Table  4. 1 Sex, Age, education, marital status and religion profile of Respondents
	Sex and Age of respondents in the study area

Sex

Age in years

Males

Females

Total

18 – 30

31 – 40

41 – 50

above 50

Total

Frequency

206

167

373

217

101

46

9

373

Percentage (%)

55

45

100

58.2

27.1

12.3

2.4

100

Education level of respondents

Primary Level

Secondary Level

College/Higher

Total

Frequency

92

208

73

373

Percentage (%)

25

55

20

100

Marital status of the respondents

Single

Married

Cohabiting

separate

Total

Frequency

125

123

66

59

373

Percentage (%)

34

32

18

16

100

Religion status of the respondents

Muslims

Christians

Non-religious

Total

Frequency

193

176

4

373

Percentage (%)

52

47

1

100




 Source: Primary data by the researcher (2021).

4.2.1 The mean value of Physical-chemical, and bacteriological parameters at Karanga River in 2021
The result showed that the mean turbidity value along the Karanga River was 26.02 NTUs. While the mean value of temperature was of 21.31 oC, the mean value of color along the Karanga River in all seasons was 81.88 TCUs. Also the average value of Total Dissolved Solids (TDS) was 44.43 mg/l, and the mean value of Total Suspended Solids (TSS) was of 25.66 mg/l.
The mean value of Electrical Conductivity (E.C) along the Karanga River was 101.38 μS/cm, while the mean pH value was 7.51. Dissolved oxygen (DO) was 7.92 mg/l. and mean densities of Total Coliforms (TC) were 712.5 CFU/100 ml (Figure 4.1).
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Figure 4.1 Comparisons of physical, chemical, and bacteriological parameters along Karanga river compared with TBS and WHO (2016) standards.
4.2.2 Variations of physical-chemical and bacteriological parameters over a space or distance from its point source to the consumer level at Shirimatunda ward
The average value of turbidity was 5.59 NTUs at Kirima Juu. At Shirimatunda, turbidity was about the average of 46.45 NTUs, River water temperatures were 17.00 °C at Kirima Juu, and 25.63 °C at Shirimatunda. The color of the River water was 20.70 TCUs at Kirima Juu, and 143.07 TCUs at Shirimatunda, and then the average value of Total Dissolved Solids (TDS) was 20.57 mg/l at Kirima Juu. At Shirimatunda was about the average of 68.29 mg/l.  River water Total suspended solids were 0.19 mg/l at Kirima Juu, and 51.13 mg/l at Shirimatunda, and electrical conductivity (E.C) was 46.41 μS/cm at Kirima Juu, and 156.35 μS/cm at Shirimatunda. Also, average value of pH was 7.36 at Kirima Juu. At Shirimatunda was about the average of 7.65. The Dissolved oxygen (DO) in the River water was 8.09 mg/l at Kirima Juu, and 7.76 mg/l at Shirimatunda. Lastly, Total coliforms (TC) densities were 280 CFU/100 ml at Kirima Juu and 1145 CFU/100 ml at the Shirimatunda (Figure 4.2).
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Figure  4.2 Variation of physicochemical and bacteriological parameters along Karanga River by a space
4.2.3 Variation of physicochemical and bacteriological parameters in water from Karanga River across different year seasons, particularly between Dry seasons (February) through Wet seasons (April).

During the Dry season (February), turbidity was 24.18 NTUs and Wet season (April) was 27.86 NTUs along Karanga river. The temperature was 21.6 °C in the dry season and 21.02 °C in the wet season. Color was 72.08 TCUs in the dry season, and in wet season was 91.69 TCUs along the river Karanga. TDS was 64.88 mg/l and 23.98 mg/l in dry and wet seasons, respectively. Then TSS was 25.02 mg/l in the dry season and the Wet season was 26.30 mg/l.  During the Dry season (February), E.C was 150.44 μS/cm Wet season (April) was 52.32 μS/cm; and pH was 7.75 in the dry and wet seasons was 7.27. The value of Dissolved Oxygen in the dry season was 8.25 mg/l and wet season was 7.60 mg/l. Lastly, Total Coliforms in the dry season were 615 CFU/100 ml, while in the wet season were 810 CFU/100 ml (Figure 4.3)
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Figure 4.3: Monthly variation of physicochemical and bacteriological parameters along Karanga River
(Source: Primary data by the researcher, 2021)
4.2.4 To examine prevalent health problems in community around Shirimatunda division associated with the consumption of water sources from Karanga River.
Studies show that among the household members of the Shirimatunda ward,, 22 % were reported to suffer from illnesses attributable to change of physico chemical and biochemical parameters while 78 % were not. (figure 4.4)
.
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Figure 4.4: Prevalent Health Problems of Pastoralists/Residences
[image: image11.jpg]



Table 4.1 Car wash opened near Karanga River
 (Source: By the researcher 15/04/2021)

4.3
 DISCUSSION

4.3.1 
Values of physicochemical and bacteriological parameters along Karanga River 
This part discusses the values of physicochemical and bacteriological parameters such as Turbidity, Temperature, Color, total dissolved solids (TDS), Electric conductivity (EC), PH, and Dissolved oxygen (DO). Total Coliforms (TC) from two selected points which are Kirima Juu and Shirimatunda area from Karanga River, in February and April. The results are presented in figures and discussed. Also, the results of each discussed specific objective were compared with two other researchers from the same climatic regions in less developed countries or Sub-Saharan Africa,
4.3.2
 Turbidity, Temperature, Color and Total Dissolved Solids from Karanga River

4.3.2.1
 Turbidity 

According to WHO standards which say turbidity should be 1.00 and TBS standards say it should be 5-25, Turbidity was within a range at Kirima Juu (Upstream) by TBS standard and above the range by WHO standard both in February and April; the average value of turbidity was of 5.59 NTUs. At Shirimatunda, turbidity was high compared to the standards of TBS and WHO about an average of 46.45 NTUs, which is above the range and standard of TBS and WHO, as shown in figure 4.1. There is a slightly difference in turbidity value between February and April, that, is 3.02NTUs and 8.15NTUs, Respectively, in Table 4.2. Similar ranges of turbidity (4.30 to 8.28 NTUs) were also recorded by Eruolaet al. (2011) in the Ibese River, Nigeria. 
The turbidity values increase with the increasing concentrations of TSS, BOD, COD, total alkalinity, chloride, hardness, calcium, magnesium and nitrate. Runoff, domestic activities and industrial effluent with higher turbidity values into Karanga River will cause affects to aquatic organisms by reducing light penetration into water for photosynthesis and reducing the the visual range of sighted animals and people. The average turbidity value in February and April along Karanga River was within recommended standards for TBS, WHO (2016) and FAO (2008) standards therefore, it will not cause any effect on the water users.

4.3.2.2
 Temperature 
River water temperature fluctuated between 17.00± 0.31°C and 25.00± 0.13°C during the entire period of study (Figure 4.3). Kirima Juu had a significantly lower level of temperature. The levels in the Shirimatunda area didn’t differ significantly in February and April. The high temperature of the Shirimatunda area can be due to the discharge of warm effluent from Bonite bottlers industry (Table 4.2). However, a similar study conducted by Khuzali et al. (2012), where temperature levels were 26○C Akali et al. (2016) also reported a similar range of temperature (24○C -26○C). All the recorded temperature values were within recommended standards for TBS, WHO (2016) and FAO (2008) standards therefore, it will not cause any effect on the water users.
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Plate 4.2 Farmers washing carrots in Karanga River
(Source: By the researcher 25/04/2021)
4.3.2.3
 Color (TCU) 
The color in the river in April was significantly higher in Shirimatunda area, about the average of (156.13± 2.59TCUs) compared to the other sites, and also above the TBS and WHO(2016) standard while Kirima Juu (27.24± 0.133TCUs) had significantly lower levels of colour. The colour levels varied significantly between all sites, as shown in Figure 4.3.  All the recorded values were above WHO (10 TCUs) and TBS standards (1.5 -50 TCUs) for potable water, while that of Kirima Juu was within TBS standards. Higher colour content downstream of the Shirimatunda area was due to discharging the industrial effluents containing colour and high organic matter from the industries. Colour is usually the first contaminant to be recognized in water that affects the aesthetics, water transparency and gas solubility of water bodies (Kuzhali et al., 2012). Other studies by (Olaniyi et al. 2016) also reported higher values of colour (from 65 to 111 TCUs) in Themi River –Arusha, All the measured values were above the maximum permissible standards of TBS and WHO (2016) except that from Kirima Juu, and this is caused by discharging industrial effluent, runoff and domestic activity with colours above recommended limit into Karanga River which affects water quality by interfering with penetration of light and affects photosynthesis.
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Plate  4.3 Water Hyacinth And Algae Growth In Karanga River
 (Source: By the researcher 25/04/2021)
4.3.2.4 Total Dissolved Solids (mg/l)

Figure 4.3 shows the Total Dissolved Solids (TDS) were high in February in all selected points; however, there were within a range and WHO standard of 500 mg/l. Total Dissolved Solids (TDS) in February was 23.77± 2.83 mg/l at Kirima Juu and 105.98± 8.9 mg/l in the Shirimatunda. In April, the values were 17.36 ± 0.719 mg/l from Kirima Juu and 30.59 ± 1.60 mg/l Shirimatunda, respectively. A similar study by Hagai et al., (2019) also reported the the same concentrations of TDS ranging (from 25.55 to 35.60 mg/l) from Kagera River- Kagera. All the values were within TBS (2016), WHO (2016), and FAO (2008) permissible limits; therefore will have no significant effect on the end user.

4.3.3
 Total Suspended Solids, EC, pH and Dissolved Oxygen from Karanga River

4.3.3.1
 Total Suspended Solids (mg/l)

Total suspended solids fluctuated between 0.02 mg/l and 52.25 mg/l during the entire period of study, as in Figure 4.3. Kirima Juu had a significantly lower level of TSS. The levels in the Shirimatunda area were significantly higher in February and April but still within TBS (2016) and WHO (2016) (500 mg/l) standards. The total suspended solids (TSS) concentration was 0.02 ± 0.98mg/l at Kirima Juu and 50.01± 1.05mg/l at the Shirimatunda in February. In April, the concentration of TSS was 0.35 ± 0.837 mg/l at Kirima Juu and 52.25± 1.17mg/l at the Shirimatunda in Figure 4.3. Similar values of TSS of (4.6 to 42.0 mg/l) were also recorded by similar studies done by Makarius laliki (2013) in both February and April, the levels of TSS were significantly higher at Shirimatunda compared to Kirima Juu, but the average was within  TBS (2016) and WHO (2016) permissible limits, therefore, will have no significant effect for the end user.

[image: image14.jpg]



Plate 4.4 Open discharge of industrial effluent from Bonite bottlers industry
(Source: By the researcher 20/02/2021)
4.3.3.2
 Electrical Conductivity (μS/cm)
The average electrical conductivity (E.C) recoded from Kirima Juu and Shirimatunda area in February, and April was 46.41± 3.01 μS/cm and 146.35± 1.63 μS/cm, respectively, as shown in (Figure 4.3). The higher values of E.C measured from Karanga River indicate presence of high total dissolved solids, sulphates and chlorides from various industrial and human activities. The E.C values increase with the concentration of TDS, Sulphate and Chlorides. A higher E.C value 115 μS/cm was reported by a similar study by Kseniamikova (2016) in Themi River, Arusha. The recorded values were within recommended standards of TBS (2016), WHO (2016) and FAO (2016) for river water; therefore no effect on the water users and were not harmful to aquatic life.
4.3.3.3
 pH levels
From Figure 4.1, all the recorded pH values were within TBS and WHO standards for potable waters (6.5 to 8.5 and 6.6 to 9.2); therefore, it will not cause the affect to the water users. In February, the levels of pH varied significantly (Table 4.1). In April, the pH levels at Kirima Juu and Shirimatunda also varied significantly. However, a similar range of pH (7.5 – 8.5) was recorded by Joel Norbat, (2017) from Ruaha River. The pH obtained from this study was well within TBS and WHO (2016) acceptable limit (Figure 4.3) therefore, it will not have any significant effects on the end user. 
[image: image15.jpg]



Plate  4.5 Open dumping of solid waste from domestic activities along Karanga River
(Source: By the researcher 20/02/2021)
4.3.3.4
 Dissolved Oxygen (mg/l) 

In February, the Dissolved oxygen levels were 8.16 ± 0.03 mg/l at Kirima Juu and 8.33± 0.1 mg/l at Shirimatunda, as shown in Figure 4.3. In April, DO levels were 8.02 ± 0.170 mg/l at Kirima Juu and 7.18± 0.031 mg/l at the Shirimatunda area. The levels at all the values recorded in February and April were within TBS and WHO standards for potable waters which is 5 to 13 mg/l, Similar range of DO (8.6 to 9.4 mg/l) was also recorded by a similar study done by Walakira (2011) in Nakawa River - Uganda. The entire recorded DO concentrations were within recommended standards for TBS and WHO (2016); therefore, it will not cause any effect on the water users. 

4.3.4
 Bacteriological Characteristics of Water Samples
Bacteriological characteristics are still the primary water quality issue in any water resource, especially those usedfor drinking purposes. Bacteriological analyses for water samples collected from Karanga River from located sites in dry and rainy seasons are presented in Table 4.1.

4.3.4.1
Total Coliforms

TC densities varied between 280 CFU/100 ml at Kirima Juu and 1145 CFU/100 ml at the Shirimatunda area. The highest count recorded at Shirimatunda in April, which was 1300 CFU/100 ml. It is worth mentioning that all monitored points in Karanga River except in Kirima Juu are out of the WHO and TBS (2016) standard limits that should not exceed 1000 CFU/100 ml. 
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Plate 4.6 Cultivation of crops near the Karanga River
 (Source: By the researcher 12/04/2021)
4.3.5
 Evaluation of Prevalent Health Problems of Pastoralists/Residences 

Figure 4.5 shows that 373 households from the Shirimatunda ward was included in the study. Among the household members of the Shirimatunda ward,, 22 % were reported to suffer from illnesses attributable to a change in physicochemical and biochemical parameters while 78 % were not. The systemic illnesses which were significantly more among the household members of the Shirimatunda ward were waterborne diseases such as Cholera, Typhoid and Amoebiasis. This indicates a higher occurrence of illnesses attributable to polluted water among the people living by the side of a river. This result implies that residents tend to incur more costs for repairing their health when they are affected by waterborne diseases.

4.4
 Testing the hypotheses 
 Hypothesis testing for objectives showed after the analysis
This hypothesis was tested using the independent T-test by establishing the differences between the individual level of Turbidity, Temperature, Color, Total dissolved solids (TDS), Total suspended solids(TSS), Electric conductivity (EC), Hydrogen power (pH), Dissolved oxygen (DO) and Total Coliforms (TC) along Karanga River. 

4.4.1
 Hypothesis testing for objective one
The levels of Turbidity, Temperature, Total dissolved solids (TDS), Total suspended solids(TSS), Electric conductivity (EC), Hydrogen power (pH)and Dissolved oxygen (DO) from Karanga River are within TBS and WHO (2016) standards in both February and April (p> 0.05, α = 0.05) in Figure 4.3 Therefore hypothesis one is accepted for this parameter. Analysis showed significant tolerance in Color and Total Coliforms (TC) with TBS and WHO standards in both February and April; parameters from Karanga river were above the TBS and WHO (2016) standards (p < 0.05, α = 0.05) (Fig 4.3). Hence hypothesis one is rejected, and the alternative is accepted for these parameters.

4.4.2
 Hypothesis testing for objective two
In February, there was significant variation in the mean values of Turbidity, Temperature, Color, Total dissolved solids (TDS), Total suspended solids (TSS), Electric conductivity (EC), Hydrogen power (pH), Dissolved oxygen (DO) and Total Coliforms (TC) measured parameters by a space from two selected points which are Kirima Juu and Shirimatunda area from Karanga River, (p< 0.05, α = 0.05) (Table 4.2 & Fig. 4.4). Hence hypothesis one is rejected and the alternative is accepted. In April, the analysis showed significant variation in all the parameters between Kirima Juu and Shirimatunda area from Karanga River (p<0.05, α = 0.05) (Table 4.2). Hence, hypothesis one is rejected, and the alternative is accepted. 

4.4.3
 Hypothesis testing for objective three

The analysis showed there is significant variation in the mean values of Turbidity, Temperature, Color, Total dissolved solids (TDS), Total suspended solids(TSS), Electric conductivity (EC), Hydrogen power (pH), Dissolved oxygen (DO) and Total Coliforms (TC) measured from Karanga River between February and April (p< 0.05, α = 0.05) (Fig 4.3). Hence, hypothesis one is rejected, and the alternative is accepted. 

4.4.4
 Hypothesis testing for objective four
The analysis showed there are significant health problems in the community around the Shirimatunda division associated with the consumption of water from Karanga River. According to Pastoralists/Residences respondents of the questionnaire, about 22 % were reported to suffer from illnesses which were attributable to a change of physicochemical and biochemical parameters. Hence ,hypothesis one is rejected, and the alternative is accepted.
CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion 
The results obtained in this study show that laboratory analyses came up with the following findings: Parameters such as Turbidity, Temperature, Total dissolved solids (TDS), Total suspended solids (TSS), Electric conductivity (EC), Hydrogen power (pH) and Dissolved oxygen (DO) from the Karanga river were within recommended TBS (2016), WHO (2016) and FAO (2008) standards for potable water, have no effect for the water users. While Color and Total Coliforms (TC) from the Karanga River, were above permissible limits, there is water contamination due to the discharge of industrial, domestically, agricultural and runoff into the Karanga river. 
This can be caused by inefficient effluent pre-treatment from the industry before discharging. In February, all measured parameters varied significantly (p < 0.05, independent T-test) at both Kirima Juu and Shirimatunda and in April also, there was a significant variation in all measured parameters at Kirima Juu and Shirimatunda(p < 0.05, independent T-test).One-way- ANOVA showed significant variations (p< 0.05) of measured parameters between different sites in Karanga River. Monthly variations were also significant (p< 0.05independent T-test) for Turbidity, Temperature, Color, Total dissolved solids (TDS), Total suspended solids(TSS), Electric conductivity (EC), Hydrogen power (pH), Dissolved oxygen (DO) and Total Coliforms (TC).  
5.1.1 To determine the mean values of physicochemical and bacteriological parameters along Karanga River.

· From the results of the present study, it could be concluded that the water quality along the studied area in Karanga River (40 km) is remarkably influenced by wastewater discharge from drains located on its sides regarding both physico-chemical and bacteriological characteristics. Agricultural, industrial, and domestic wastes are key factors in this environmental problem. However, self-purification and dilution contributed to the gradual improvement recognized at the river's end, particularly in the rainy season. Turbidity, Temperature, Total dissolved solids (TDS), Total suspended solids (TSS), Electric conductivity (EC), Hydrogen power (pH) and Dissolved oxygen (DO) from the Karanga river were within maximum permissible standards. In contrast, Color and Total Coliforms (TC) were above TBS and WHO (2016) maximum permissible standards. Industrial, Agricultural, domestic and runoff are the key factors in this environmental problem and potentially affect the quality of water in Karanga River. The study revealed that based on these measured parameters Color and Total Coliforms (TC), from Karanga River make the water unsuitable for domestic purposes because are above TBS and WHO (2016) standards for potable water.
5.1.2 To examine variations ofphysical–chemical, and bacteriological parameters over a space or distance from its point source to the consumer level at Shirimatunda ward.

· There are significant variations in the mean values of Turbidity, Temperature, Color, total dissolved solids (TDS), Total suspended solids (TSS), Electric conductivity (EC), Hydrogen power (pH), Dissolved oxygen (DO), and Total Coliforms (TC) measured from Kirima Juu that is a point source to the consumer level at Shirimatunda ward from Karanga River. The study shows that the contamination of Karanga River is coming from runoff which carries a higher amount of organic pollutants. Industries also confirmed in deterioration of water quality in Karanga River due to discharging of inefficient treated effluent to the river. Therefore, if runoff and effluent from industry are continued to be discharged into Karanga River without effective treatment, the pollutants will accumulate downstream and cause water contamination hence affecting water quality. The authority should give precautions on the use of water from this river.

5.1.3 To examine the variation of physicochemical and bacteriological parameters in water from Karanga River across different seasons of the year between February through April.

· The study shows significant variation in the mean values of the parameters measured from Karanga River between February and April. Temperature, Electric conductivity (EC), Hydrogen power (pH), and Total dissolved solids (TDS) were high in February due to industrial activity being in high season in December, January and February. Due to agricultural activities, turbidity, Color, Total suspended solids (TSS) and Total Coliforms (TC) measured from Karanga River were high in April. April is a rainy season, the high season in agriculture. Also, most the people using river at this time, which adds contamination from runoff which carries a higher amount of organic pollutants,

5.1.4 To identify health problems facing the community of Shirimatunda division associated with the consumption of water sources from Karanga River.
· The analysis showed significant health problems to the Shirimatunda division community associated with water from Karanga River. According to Pastoralists/Residences respondents of the questionnaire, a Total of 373 households from the Shirimatunda ward were included in the study. Among the household members of the Shirimatunda ward, 22 % were reported to suffer from illnesses attributable to change of physico chemical and biochemical parameters while 78 % were not. The systemic illnesses which were significantly more among the household members of the Shirimatunda ward were waterborne diseases such as Cholera, Typhoid and Amoebiasis. This indicates a higher occurrence of illnesses attributable to polluted water among the people living by the side of a river. 

5.2
 Recommendations
· Based on the above conclusion for both objectives, I recommend that to conserve water resources, we should implement sustainable ways of preserving and managing our river by frequently monitoring the effluent from industries and farming. These should be well treated by using natural methods of treatment such as constructed wetlands to meet TBS (2016), WHO (2016) and FAO (2008) standards to prevent water pollution in Karanga River. Constructed wetlands as a natural treatment method is essential in addressing the problem of water quality degradation of effluent from Bonite industry and runoff from agriculture in Kagera area before they enter Karanga River. The approach needs to plant the reed plants with vegetation with defined filter material and direction of wastewater flow.

· There is a need to enforce fines and taxes for industries which pollute the environment. Government must provide financial for those authorities who control the river basins and leading to facilitate water quality monitoring programs and education for all water users and stakeholders. Also, after this study results I recommend enforcing all articles of law regarding the protection of Karanga River and waterways from pollution as well as treating wastewater before discharge or reuse. 

· From time to time, Monitoring of Karanga River water should be followed up to record any alteration in quality and quantity that will cause an effect on the aquatic ecosystem.
· For non-point pollution sources, like farms also, alternative treatment such as wetland-type vegetation should be implemented directly with education to the people living along the river on how and why it is important to conserve water resources. Government Ministries, water resources stakeholders, communities and sectors should be involved in water resources conservation.

· Areas for further research: This study can be considered a starting point for other researchers on water quality effects in rivers. The study recommends that future studies should pay attention to the following research topics in Karanga River: 

(i) Monitoring of industrial effluent quality and river water quality and comparing them with recommended TBS, WHO and FAO standards. 

(ii) Monitoring of agricultural effluent quality and comparing them with recommended FAO standards.

(iii)  Monitoring municipal and domestic effluent quality before discharging in the river. 
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APPENDICES

APPENDIX I: QUESTIONNAIRE/INTERVIEW

I am Abdallahman … a student at the Open University of Tanzania pursuing Masters of Master of Environmental Studies (Science). I am conducting a study on assessment of the Physical-Chemical and Bacteriological Parameters of Karanga River Water and Its Implication to Human Health at Shirimatunda Ward. I humbly request your cooperation in answering these questions to enable me get information for the study.  All information given will be treated with high levels of confidentiality and be used for academic purpose only. Thank you for taking the time to share with me in this study.

A: Personal Information of Respondent

	1. Gender: Specify your gender 
	
1.             Male   2.Female 

	2. Religion: Specify your religion
	1.          Christian 2.          Muslim

	3. Age: Specify your age 
	1.            11-20

2. 21-30

3. 31-40

4.  41-50

5. 51-60

6.  61-70

7.             71 and above

	4. Marital status: Specify your marital status 
	1.         Married 

2.         Single

3.         Widow

4.         Separated

	5. Educational level: Specify your highest educational level 
	1.         Standard seven 

2.         Secondary –ordinary level 

3.         Secondary –advanced lever 

4.         Certificate 

5.         Diploma

6.         Degree

7.         Masters 

8. Other, specify...................   


B: Prevalent Health Problems of Pastoralists/Residences 

6. Are you aware of the water quality and water borne healthy problems?

Yes   (   )   No   (   )

If yes, what do you think are the causes of prevalence healthy problems associated with water pollution at Shirimatunda Ward? List them

............................................................................................................................................................

7. Have you ever heard about cholera problem here at ward?  

Yes   (    )   No   (     )

If the answer is Yes when did it happen ………………………..(year)

8. (a) How long have you been at this ward: ……………….(years)

     b) Mention three main problems caused by water pollution at this ward?

     i)……......................…,ii)……….............................., iii).............................…………..

9. Do you know any water problem caused to young children below 5 year?

Yes   (    )   No   (     )

If Yes, mention three of them a)…………………........, b)…………...........….........……                               c) …………….......................

10. What normally do you do to solve the problem associated with water borne diseases ……………………………………………………………………………….……………………

11. What are the other prevalent healthy problems at Shirimatunda Ward? List them: .........................................................................................................................................

APPENDIX II: SCHEMATIC DIAGRAMS

                     Wastewater discharge

Agricultural drain          Domestic/Municipal runoff           Industrial discharge

Fig 5.1 Schematic diagram showing possible sources of water pollution along Karanga River from agriculture discharges, domestic/municipal runoff and industrial discharges.



                       Partially/treated water 

Agricultural drain         Domestic/Municipal runoff              Industrial discharge

Fig 5.2 Schematic diagram showing proposed Mitigation for water Pollution along Karanga River from agriculture discharges, domestic/municipal runoff and industrial discharges.


Well treated water discharged in to the Karanga River

Fig 5.3 Schematic diagram showing proposed natural treatment method for industrial discharges using Constructed wetlands by plant the reed plants with vegetation with defined filter material and direction of waste water flow along Karanga River from industrial discharges.

APPENDIX III: RESEARCH CREARANCE
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Ref No: OUTKIL/ST.REQ/07/020 DATE: 07/04/2020

TO.
Director,
Pangani Basin Water Board,
P.OBOX 7617,
Moshi,

Dear Sir/Madam,

RE: RESEARCH CLEARANCE

I am writing to introduce to you, Mr. Abdallahman H. Abdallahman who is a student of the
Open University of Tanzania. Mr. Abdallahman is pursuing Masters of Science in
Environmental Studies (Health Stream) at the Open University of Tanzania, Kilimanjaro
Regional Centre, Moshi. He is currently undertaking a compulsory research and he is in the
course of data collection. His research title is “Analysis of Water Quality of River Karanga”.

In view of the above he needs to collect water samples along River Karanga and interview
people residing and/or work along the river and some officers and expert from Pangani River
Basin Authority.

Kindly avail any assistance he may need from your office.

Yours Sincerely,

anjazo Regional Centre,
The Open University of Tanzania.
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APPENDIX IV: WESTERN KILIMANJARO CATCHMENT
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APPENDIX V: ETHICAL CONSIDARATIONS

1. Voluntary participation

Voluntary participation of respondents in the research were maintained, participants were have the rights to withdraw from the study at any stage if they wish to do so, all research subjects were free to choose to participate without any pressure or coercion. All participants were able to be withdrawn from, or leave, the study at any point whenever they were not feeling to continue. This was done without asking the participants the reason for leaving the study.Participation should be voluntary in allresearch, and there should be no coercion or deception. Participant should not be in a position to be forced to participate, but there are some situations in which could potentially occur. Participants are assisting in data collection so they should be invitedto participates, with a clear understanding that they are under no obligation to do so and that there will be no negative consequences for them if they do not assist you in your research. The potential for coercion varies depending on whom you are seeking assistance from. Sometimes the target sample group might have unique characteristics or needs, and if this were the case, they would require special treatment. For example, when research involving a group with limited English capabilities. In this situation, respondents might not understand what they are being asked to do and, equally important, might not understand that the activity is voluntary Thus, I ensured that any vulnerable groups are protected, even from unintentional harm. The issue of voluntary consent can also arise when undertake research of employees within an organization. I made clear to participants that 

· The organization has allowed me to investigate the specified activities

· Any involvement is voluntary

· There is no penalty for not participating

· Specific information from the research will or will not be given to their employer.

I made clear to participants that there are no negative consequences or repercussions to their refusal to participate. I respected their decisions without trying to change their minds after all they helped me in the research process. It’s very important to inform all potential participants that they are free to choose whether they want to participate, and they can withdraw from the study anytime without any negative repercussions.

2. Informed consent

Privacy and anonymity of respondents was maintained throughout the research all potential participants received and understood all the information they need to decide whether they want to participate. It included information about the study’s benefits, risks, funding, and institutional approval. All potential participants are provided with all the relevant information about, 

· The title : what the study is about

· The information : the risks and benefits of taking part

· The duration: how long the study will take

To ensure that potential participants fully understand what they are being asked to do and that they are informed if there are any potential negative consequences of such participation is very important in data collection. The most effective way to address the informed consent issue is through the use of an information sheet, which is provided to all those who are invited to participate. If possible, this should be on official university letterhead, to inform respondents that this is an official university activity. Participants should be given the invitation sufficiently in advance to enable them to carefully consider whether they will participate. It is important that the information included be sufficiently clear so that the target group can understand what they are being asked to do. 

I let them to know that their data will be kept confidential, and they are free to stop filling in the survey at any point for any reason. Participants provided with a text for them to read and ask them if they have any questions. If they agree to participate, they can sign or initial the consent form. The use of offensive and unacceptable language were avoided in the formulation of Questionnaire and Interview, Respect for the dignity of research participants were prioritized. Because collection of data was from people with different level of education verbally explanation the consent form was important especially while collecting data from people with low literacy. For participants with very limited English proficiency, I translated the study materials so they have all the information in their first language.

3. Confidentiality and Anonymity

Adequate level of confidentiality of the research data was ensured. The privacy of research participants during study was also prioritized. Since all participants have a right to privacy, so I protected and secured confidentiality to their personal data for use.

The differences between these two issues are:

Anonymity requires that you do not know who the participants are. This could be achieved through random phone surveying or having an organization distribute a survey on behalf of the student. The highest level of objectivity in discussions and analyses throughout the research was well maintained. Participation of respondents in the research were based on the objective of the research. I guarantee anonymity by not collecting any personally identifying information such as names, phone numbers, photos, and videos.

Confidentiality means that you know who the participants are, but that their identity will not be revealed in any way in the resulting report. As we mentioned earlier, confidentiality is very important especially when you are examining situations within a firm in which you will give managers a copy of the report. It could also be important when undertaking an industry-based study. Within the information sheet, I mentioned that will keep respondents’ answers confidential and/or anonymous. I considered how to protect my participants, and if there is any possibility that they will not be protected, this must be clearly stated to potential respondents in the accompanying information letters and consent forms. There are several ways that anonymity and confidentially can be protected, if the researcher does not know who replies, individual confidentiality and anonymity are usually protected. However, it may be possible that individuals could still be identified based on the level of analysis. The information from participants were kept hidden from everyone else, so that it can’t be linked to other data by anyone else.Steps to safeguard were followed to keep data confidential and prevent any threats to data privacy. This was done by store all signed consent forms in a locked file drawer, and password-protect all files with survey data. No one or any other researchers were allowed to access the study data except with permission from institution, and I ensured that everyone knew and follows my data privacy protocols. Before beginning the study, I asked everyone to agree to keep what’s discussed confidential and to respect each other’s privacy. 

Potential for harm

Physical, social, psychological and all other types of harm are kept to an absolute minimum. I considered all possible sources of harm to participants. Harm can come in many different forms.

· Psychological harm: Sensitive questions or tasks may trigger negative emotions such as shame or anxiety.

· Social harm: Participation can involve social risks, public embarrassment, or stigma.

· Physical harm: Pain or injury can result from the study procedures.

· Legal harm: Reporting sensitive data could lead to legal risks or a breach of privacy.

I considered every possible source of harm in my study as well as concrete ways to mitigate them. Also I involved my supervisor to discuss steps for harm reduction. I disclose all possible risks of harm to participants before the study to get informed consent. I prepared to provide participants with resources or counseling or medical services wherever there is a risk of harm. Some of the questions may bring up negative emotions, so I inform participants about the sensitive nature of the survey and assure them that their responses will be confidential. Participants can be harmed: physical harm, psychological harm, emotional harm, embarrassment (i.e., social harm), and so on. It is important for researcher to identify any potential for harm and determine how this potential for harm could be overcome. Ideally, the study should have minimal, if any, potential for any harm to occur. These requires researchers to place themselves in the other person’s shoes. Ideally, projects that examine issues in which there is a high likelihood of participant harm should not proceed unless a supervisor was actively involved and ensures that processes were in place to address any harmed individuals. One possible way to address the harm in such a project would be to provide participants with information on counseling services or appropriate support bodies dealing with the issue. Such materials should be distributed to all respondents with the information sheet, so that those who need assistance can seek it. In this way, you will have at least provided a mechanism to assist any harmed individuals and thus undertake a duty of care in regard to participants. 
4. Communicating Results

There are three broad issues of being aware of when completing research project report and communicating results that are: plagiarism, academic fraud, and misrepresenting results. Works of other authors used in any part of this dissertation were acknowledged. This include those works that done by other researchers included in this dissertation were acknowledge. I ensured my work is free of plagiarism or research misconduct, and I accurately represented my results. Since the way of communication in research results can sometimes involve ethical issues. Good science communication is honest, reliable, and credible. It’s best to make results as transparent as possible. Honesty and transparency in communication in this dissertation were maintained, Research participants provided the information with high level of Honesty and transparency.

Plagiarism

This happen when one present someone else’s work as your own that is, you need to be very careful that you do not misrepresent. This work is free of plagiarism, and appropriate techniques for referencing others’ ideas were followed and avoiding “cut and paste” others’ work to form new ideas. 

Academic Fraud

There is also the possibility of academic fraud once begin undertaking research involving the collection, analysis, and interpretation of data, Academic fraud involves the intentional misrepresentation of what has been done. This would include making up results from the data putting forward conclusions that are not accurate. In this work research misconduct were avoided, and accurately represented the real results. 

Misrepresenting the Results

This happen when you present conclusions and recommendations that are incorrect based on what you found. On occasion, you can misrepresent work to impress your supervisor.  Falsifying data, manipulating data analyses, or misrepresenting results in research reports. It’s a form of academic fraud. Cleary steps were followed and maintained to ensure that academic fraud not happened. The actions were committed intentionally and can have serious consequences; research misconduct is not a simple mistake or a point of disagreement about data analyses. Research misconduct is a serious ethical issue because it can undermine scientific integrity and institutional credibility. It leads to a waste of funding and resources that could have been used for alternative research.
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Bridge made by Bonite industry 
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Water level during dry season in Karanga River (Source: By the researcher 25/04/2021)
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Different activities conducted in Karanga River (Source: By the researcher 25/04/2021)
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