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[bookmark: _Toc535401869][bookmark: _Toc525732796][bookmark: _Toc14281204][bookmark: _Toc14345930][bookmark: _Toc14792258]Dissolved Oxygen (DO): Denotes the level of free non-compound oxygen present in water or other liquids
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[bookmark: _Toc535401865][bookmark: _Toc525732792][bookmark: _Toc14281200][bookmark: _Toc14345942][bookmark: _Toc14792270]Water Quality Index: It is a way of summarizing water quality data to report to the public by integrating the data into one score that falls between 0 – 100. The higher the score, the better the quality of the water concerned
[bookmark: _Toc535401876][bookmark: _Toc525732803][bookmark: _Toc14281211][bookmark: _Toc14345943][bookmark: _Toc14792271]Water quality: The water status that meets the universal standards set for legitimate and vital water use at any scale, that is, local, regional and global levels.

 


[bookmark: _Toc14345944][bookmark: _Toc535401878][bookmark: _Toc49598916]ABSTRACT
Human-related activities are known to have deleterious effects on the water quality of aquatic ecosystems globally. However, there is limited information on the impact of similar perturbations in tropical regions, especially the River Chania in Kiambu County, Kenya, which is an important source of water for humans and animals and also provides habitat for a variety of flora and fauna along its length. The aim of this study was to determine the spatial and temporal variations of selected water quality parameters in seven sampling sites along a section of River Chania, to evaluate water quality of the river using Water Quality Index (WQI) and to assess the effect of socio-economic factors on water quality of the river. The study used a longitudinal study design in water sample collection. The sample collection was done between October 2018 and February 2019 to cater to the dry and wet seasons. A paired t-test (p< 0.05) was used to compare the water quality variables collected in both the wet and dry seasons across sites to see if these differed longitudinally down the river. The data were subjected to analysis of variance (ANOVA) using Statistical Analysis Software (SAS) version 9.2 and means separated using LSD at p< 0.05 confidence level. The mean values of the physico-chemical parameters were compared with the World Health Organization (WHO) water quality guidelines. The parameters used to compute WQI were nitrates, Total Dissolved Solids (TDS), potassium, sulphates, chlorides, copper, manganese, pH and total phosphates. The study revealed a decline in water quality from the most upstream site (Site 1) from excellent (WQI=23.17) to poor (WQI=>50) and very poor (WQI=>76) water quality at the two downstream sites during the wet season. On the other hand, the socio-economic factors were assessed using a survey employing cross-sectional survey design. The study observed that the education level of the respondents was a positive and significant predictor of the ability of an individual to identify water quality changes in River Chania in the last 10 years with an associated significance of 0.014. Age, household size, change in household number, gender and household income had no significant correlation with the identification of water quality changes in River Chania in the last 10 years. The study recommends that the riparian zone of River Chania, especially at downstream sites, should be protected from interference by human activities (e.g., deforestation, farming) and human interactions with the river ecosystem should be regulated for sustainable utilization, hence protect the water quality from further deterioration. Further research can be conducted to develop models for predicting water quality of the river over time.

Keywords: Riparian zone, human activities, longitudinal study design, Water Quality Index, River Chania, Thika town
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[bookmark: _Toc535401880][bookmark: _Toc14345946][bookmark: _Toc377039646][bookmark: _Toc49598918]INTRODUCTION
[bookmark: _Toc535401881][bookmark: _Toc14345947][bookmark: _Toc377039647][bookmark: _Toc49598919]1.1 Background information
[bookmark: __UnoMark__10055_78161523]The water quality of pristine rivers is influenced by geochemical factors and the prevailing climate based on location (Owa, 2014; Gibson et al., 2018). However, human activities such as discharge of industrial effluents, agricultural and urban runoff have affected the quality of river water (Ashiyani and Suryanarayana, 2015; Laaffat et al., 2015). The contaminants released into rivers are of concern because they deteriorate water quality and pose a threat to the supply of water for humans and wildlife and habitat conditions for a range of aquatic and semi-aquatic organisms (Santos et al., 2014). Reduced water quality also reduces ecosystem health and hampers human resource use that hinders sustainable development (Lopez et al., 2013; Kostyla et al., 2015). 
Water is a unique chemical medium with the ability to assimilate a wide range of substances, and can easily be contaminated (Jinturkar et al., 2010), posing risks to human health and requiring expensive water treatment to sustain water supply (Karkra et al., 2016). Developing countries, such as Kenya, are increasingly grappling with water quality deterioration as urban and agricultural populations expand and contaminated wastewater volumes increase (WHO, 2014; Besada and Werner, 2015). Therefore, river water quality should be continuously monitored through the regular assessment of selected chemical, biological and physical properties (Jang et al., 2013; Karkra et al., 2017).
This is especially true for Kenya with scarce water resources of sufficient quality (Mumma et al., 2011) to achieve the Sustainable Development Goals (SDGs) for health, water and food security. Consequently, it is of great concern that water pollution has increasingly become an environmental threat to rivers since the 1990s in the country (Githinji et al., 2019). The literature on water quality of the River Chania is limited despite the important and various agricultural activities along its banks and that it supplies water to the increasing population of Thika town and other peri-urban areas around Nairobi city (Kimani et al., 2016). Other studies in Kenya have linked river pollution with surrounding anthropogenic activities (Masese and McClain, 2012). For example, Mbaka et al. (2014) linked water abstraction and grazing to a decline in water and habitat quality in Honi and Naro Moru rivers. Another study by Njuguna et al. (2017) mapped poor water quality in the River Nairobi using a Water Quality Index (WQI). It attributed this to the presence and release of industrial effluents, domestic sewage, agricultural activities and solid wastes. 
Water quality may be assessed in different ways (Zahedi et al., 2017). Some water quality determinations are based solely on a comparison of observed parameter values against established water quality guidelines for different uses or purposes. This physico-chemical approach is useful to identify different sources of contamination and checking compliance with set limits. However, it is less helpful in comparing sites that have different water quality impacts (Debels et al., 2005). The use of a water quality index (WQI) is one of several methods that allow sites to be compared by reducing a set of water quality variables into a single dimensionless number that ranks water quality from poor to good and so the results are easy to interpret (Hosseini-Moghari et al., 2015). The first comprehensive WQI was developed by Horton (1965) and was subsequently improved by Brown et al. (1970) and later Cude (2001) and Krishan and Singh (2016). Different versions of WQIs are used depending upon the intended use of water and its suitability for different purposes (Zahedi et al., 2017). The Canadian Council of Ministers of the Environment Water Quality Index (CCMEWQI) (Khan et al., 2003), U.S. National Sanitation Foundation Water Quality Index (NSFWQI) (Brown et al., 1970), British Columbia Water Quality Index (BCWQI) and Oregon Water Quality Index (OWQI) (Abbasi et al., 2012; Debels et al., 2005; Kannel et al., 2007) are some of the numerous water quality indices available.
For this study, the Weighted Arithmetic Mean method described by Tyagi et al. (2013) was used to calculate WQI because the various parameters’ composite influences are reflected, which are essential in water quality management and assessment. Additionally, the method was preferred due to its requirement of fewer parameters relative to the parameters of water quality for a specific use. Water Quality Indices (WQIs) are useful because the simplified results are being easily incorporated into water resource plans to support increasing human use of natural water resources (Nikoonahad et al., 2010; Babaei et al., 2011) and also make descriptions of water quality conditions easier to understand by members of the public during stakeholder engagements (Akoteyon et al., 2011; Bharti, 2011).
[bookmark: __Fieldmark__3190_1821388719]Changes in land use and unsustainable farming practices increase water quality degradation in rivers that originate from Chania River catchment, thereby increasing the cost of water treatment and exacerbate the poor health status of downstream water users (Chapman et al., 2011). These effects should inform stringent measures to mitigate the increasing water pollutants and quality deterioration. Numerous studies have demonstrated the importance of WQI in the world but unfortunately there are only a few studies using WQI in the assessment of water quality in the African context and much less in Kenya. Water quality monitoring is mainly based on the determination of physical and chemical parameters and comparing the characteristics of the water sample with water quality guidelines from the World Health Organization (WHO) whereas there is a dearth of information on the utility of WQI in summarizing water quality information and evaluating river health. Since the intended purpose of this study was to assess some physico-chemical parameters of the River Chania water pertinent to human use and consumption, these results will feed into water resource planning discussions and will need to be made public so the use of a WQI in this regard will be helpful.
Several studies in Kenya have investigated the relationships between water quality and factors such as land use, pollution, climate variations, and urbanization (e.g., Budambula and Mwachiro, 2006; Shivoga et al., 2007; Adhikari et al., 2016;  Aera et al., 2019). For example, urbanization has been reported to result in contamination of the environment with toxicants such as heavy metals. Meanwhile, land-use practices such as small-scale agriculture have been found to contribute significantly to nutrient loads (e.g., phosphorous) and pesticides in aquatic ecosystems (Shivoga et al., 2007; Ndunda et al., 2018). However, there is a scarcity of information on the relationship between socio-economic factors and water quality conditions of freshwater ecosystems
[bookmark: _Toc535401882][bookmark: _Toc14345948][bookmark: _Toc377039648][bookmark: _Toc49598920]1.2 Statement of the problem
The quality of water in River Chania, Kiambu County, has been declining over the years as demand surpasses supply (WARMA, 2012). This problem is mainly caused by unsustainable farming practices, in conjunction with vagaries of industrialization and urbanization taking place along the banks (Chislock et al., 2013). This problem could potentially lead to increased human health risks, economic water scarcity and aquatic environment pollution. It is therefore important that declining water quality of River Chania is urgently addressed holistically. The WQI method is capable of holistically addressing water quality concerns in River Chania, however, its utilization has not been prominent in Kenya. Determination of water quality has routinely been done through the comparison of physico-chemical parameters with prescribed regulations to gauge suitability for various uses (Lawson, 2011). There is a burgeoning need to manage water resources through water quality monitoring in order to curtail the declining quality of water. This research study sought to use the WQI method since it summarizes large amounts of water quality data in ways that can be easily interpreted by different levels of stakeholders’ unlike the physico-chemical method. 
[bookmark: _Toc49598921]1.3 Justification of the study
The purpose of the study was to examine the water quality of River Chania through the use of the WQI method. While other methods of water quality analysis, such as the physico-chemical method (Gandaseca et al., 2011), have been identified and studied in previous research, there is a glaring lack of knowledge on water quality issues. In view of this, the study employed the WQI which provides simplified results that can easily be understood by stakeholders across multiple levels. The data collected through this study have the potential to raise awareness of declining water quality in River Chania, Kiambu County and to provide information for water quality agencies, such as Water Resources Management Authority (WARMA), to use in an effort to create or improve mitigation measures. Information on spatial-temporal variations of water quality, predictable variation of the water quality along the river and the effect of socio-economic factors on the water quality will thus inform policy formulation and implementation on sustainable use of riverine ecosystems such as that of River Chania.
[bookmark: _Toc535401884][bookmark: _Toc14345950][bookmark: _Toc377039650][bookmark: _Toc49598922][bookmark: _Toc525732811]1.4 Hypotheses
1. There are no significant spatial and temporal variations in selected water quality parameters of River Chania, Kiambu County.
1. There is no significant difference in WQI of River Chania in Kiambu County along selected sampling points.
1. There is no significant effect of socio-economic factors on the water quality of River Chania, Kiambu County.
[bookmark: _Toc535401885][bookmark: _Toc14345951][bookmark: _Toc377039651][bookmark: _Toc49598923]1.5 Objectives
[bookmark: _Toc535401886][bookmark: _Toc14345952][bookmark: _Toc377039652][bookmark: _Toc49598924]1.5.1 General objective
To assess the water quality status of River Chania Kiambu County through development of a Water Quality Index for the river.
[bookmark: _Toc535401887][bookmark: _Toc14345953][bookmark: _Toc377039653][bookmark: _Toc49598925]1.5.2 Specific objectives
The specific objectives of the study will be:
1. To determine the spatial and temporal variation of selected water quality parameters in River Chania, Kiambu County.
1. To evaluate water quality using WQI along selected sampling sites of River Chania, Kiambu County.
1. To assess the effect of socio-economic factors on water quality of River Chania, Kiambu County. 
[bookmark: _Toc535401883][bookmark: _Toc14345949][bookmark: _Toc377039649][bookmark: _Toc49598926]1.6 Significance of the study
The WQI developed from the study was an integration of the complex water quality data into information that was easily understood and useful to professionals and policy makers as well as the general public, to help better plan, manage and allocate water resources in the catchment and beyond. Additionally, the study informed river management organizations on the utility of WQI in evaluating water quality in rivers impacted by human-related perturbations. The study also described the water quality status and evaluated water quality trends in the long run. The findings of the study and the recommendations will be a basis for policy formulation and decision making for the agencies which deal with the management of water quality in Kenya such as the National Environment Management Authority (NEMA) and the Water Resources Management Authority (WARMA). Reliable information on water quality will help monitor utilization of water along River Chania, steer the efforts to combat water-borne diseases, identify the locations along the river experiencing widespread pollution and the areas which are likely to come under the threat of contamination in the short term. This will help plan for conservation and mitigation strategies for the long-term sustainability of the River and its functionality in the provision of ecosystem services. 
[bookmark: _Toc535401889][bookmark: _Toc14345954][bookmark: _Toc377039654][bookmark: _Toc49598927]1.7 Conceptual Framework
The main factors causing the decline in water quality of River Chania include runoff from adjacent agricultural lands together with industrialization and urbanization in close proximity to the river. Water quality deterioration in River Chania not only poses a human health risk but also causes social and economic water scarcity, poor WQI and increased spatial and temporal water quality variations which affect the ecological integrity and functioning of the river. To address this problem, considerable effort must be made at all stakeholder levels to steer the restoration of ecological balance. This will involve development of appropriate national water quality policies and legislation which will be applied in tandem with regular water quality monitoring and enforcement of water quality legislation. Ultimately, there will be improved water quality as well as improved socio-economic status, improved WQI and reduced spatial and temporal variation in water quality of River Chania.



[bookmark: _Toc535401890][bookmark: _Toc14345955][bookmark: _Toc377039655][bookmark: _Toc49598928]CHAPTER TWO
[bookmark: _Toc535401891][bookmark: _Toc14345956][bookmark: _Toc377039656][bookmark: _Toc49598929]LITERATURE REVIEW
[bookmark: _Toc535401892][bookmark: _Toc14345957][bookmark: _Toc377039657][bookmark: _Toc49598930]2.1 Overview
[bookmark: __Fieldmark__3411_1821388719]Water quality is naturally affected by geochemical and climatological location of a body of water. However, human activities such as discharge of waste products, agricultural runoff and urban settlements also heavily affect the quality of surface water bodies (Laaffat et al., 2015). Water quality can take any of the following definitions according to different authors; James (2013) suggests that it is a specific judgement as to how water of a given composition fits the perceived needs of the individual, group or ecosystem using it. However, human judgements of water quality are inherently dynamic. On the other hand, Arcipowski et al. (2017) defines water quality as the water status that meets the universal standards set for legitimate and vital water use at any scale, that is, local, regional and global levels and assessment based on the physical, chemical and biological variables of water. Abbasi et al. (2012) opines that it is a measure of the status of the water with regards to the necessities of human needs or purposes 
River Chania Catchment is located in the upper Tana Catchment in Kiambu County. The catchment supplies water to Kenya’s capital, Nairobi. River Chania drains the Chania catchment at Ragia location in Nyandarua County flowing downstream to the confluence of River Thika. River Chania has three tributaries namely; Kariminu, Kimakia and Nyakibai all forming a dendrite drainage pattern (Jaeztold et al., 2007). The catchment capacity does not adequately meet the demand placed on it due to the increasing population coupled with declining water quality and quantity especially during dry periods (WARMA, 2012). Due to the unchecked population growth and rapid urbanization experienced around the Chania catchment, there has been numerous land cover and land use changes. These activities have led to encroachment into riparian land and deforestation in the water towers and along River Chania. A number of studies have been conducted on River Chania and its catchment. Mwangi et al. (2015) investigated the effects of water and soil conservation practices on ecosystem services on the upstream part of River Chania.
[bookmark: _Toc49598931][bookmark: _Toc14345958][bookmark: _Toc377039658]2.2 Spatial and temporal variation of water quality
[bookmark: _Toc535401893][bookmark: _Toc14345959][bookmark: _Toc377039659][bookmark: _Toc49598932]2.2.1 Water quality studies in Kenya
Kenya is one of the countries in the world experiencing chronic water-scarcity in terms of quantity and quality (Mumma et al., 2011). The water crisis is exacerbated by inadequate management of water supply, pollution, droughts and degradation of forest cover (Samantha, 2011). Studies done on African rivers have shown pollution occurring as a result of anthropogenic activities pose profound effects on water bodies (Masese and McClain, 2012). In Kenya, mineralization of geologic materials is one of the many factors causing water quality decline, thereby making the water unfit for human consumption especially in regions experiencing a higher concentrations of Manganese and Fluoride (Mohapatra et al., 2009) leading to economic water scarcity.
Pharmaceuticals and personal care products (PPCPs) have garnered a lot of attention in terms of the number of publications due to their high consumption rate (Tsutsui et al., 2018) and their frequent detection in the environment (Tran et al., 2018). Only a few publications in Kenya are accessible in open literature on pharmaceuticals active compounds (PhACs) in water bodies (Madikizela et al., 2017), while there are even fewer publications on personal care products (PCPs). Pesticide consumption in the world stands at ca. 2*106 tonnes per year (De et al., 2014). In 2007, Kenya imported ca. 8750 tonnes of pesticides into the country not including locally produced pesticide products. Organo-chlorine and organophosphate pesticides have been detected in surface waters in Kenya in variable concentrations (Otieno et al., 2012). 
Global Water for Sustainability (GLOWS) conducted a water quality study in May-2005, May-2006 and June-2007 and investigated the quality of surface in the Mara river basin in Kenya with a view of identifying water quality issues and coming up with action plans (GLOWS, 2007). The study found out that there was little or no systematic monitoring of water quality in the basin. The assessment concluded that although the parameter characteristics determined were not in excess of accepted guideline limits, there were detectable amounts of mercury, pesticides, high nutrient load and PCPs.
[bookmark: _Toc535401894][bookmark: _Toc14345960][bookmark: _Toc377039660][bookmark: _Toc49598933]2.2.2 Water quality degradation
The significant amounts and diverse contaminants released each day are a source of concern because they deteriorate water quality and pose a threat to the well-being of aquatic ecosystems (Santos et al., 2014). Quality of running systems is a result of mineralization, ionic concentration, dissolved organic matter composition and the total and permanent hardness. The quality status of a river at a particular site reflects several main catalysts including climatic conditions, atmospheric contributions and human activities (Kostyla et al., 2015) . Diminished water quality impoverishes the society and hampers sustainable development (Lopez et al., 2013).
Pollutants that commonly contaminate water bodies include soil particles in suspension from erosion that result in turbidity and sediments in water systems, nutrient loading that cause eutrophication, over-fertilization of algae and exhaustion of dissolved oxygen (DO); toxic elements that include pesticides, industrial effluents, heavy metals and increase in temperature as a result of cooling of industrial processes (Liputa et al., 2008). These may lead to odor, clogging of filters by algae, expensive water treatments, increase in chlorine demand, bacterial growth in distribution system, metal remnants in reservoirs and distribution channels and enhanced corrosion (Liputa et al., 2008).
There are various factors that can lead to degradation of water. The type and intensity of the process occurring in water bodies influence the type of contamination (suspended, colloidal or dissolved) (Huang et al., 2015). Moreover, the concentration of pollutants that enter water bodies depend on the quantity and composition of chemical deposits in water systems. In addition, it can be affected by the amount and nature of microorganisms living biofilms, microbial metabolic pathways, stability of flowing water and biological and chemical processes (Jachimowski, 2017). Globally, the manufacture and use of synthetic chemicals for crop production and animal husbandry has resulted in the increase in food security (Kibaroglu and Gürsoy, 2015). Many of these activities have polluted water bodies due to runoff containing insecticides and herbicides from farmlands and industrial effluents into surface water bodies (Stehle and Schulz, 2015). Chawira et al. ( 2013) asserted that in sub-Saharan Africa, the quality of water is one of the several problems currently and is poised in the future to scourge the region hence determination of the quality of surface waters is paramount for environmental monitoring and management. Water quality degradation is fast becoming a major problem in Kenya. This is due to the prioritization of attainment of industrialization status and diversification of national development goals (Kithiia and Mutua, 2006).
[bookmark: __Fieldmark__3538_1821388719][bookmark: __Fieldmark__3550_1821388719][bookmark: __Fieldmark__3565_1821388719][bookmark: __Fieldmark__3591_1821388719][bookmark: __Fieldmark__3625_1821388719]A good water quality source for drinking and domestic use is of utmost importance to human health (Morris et al., 2003). In most nations, 70% to 85% of the population heavily relies on surface water as the main source of drinking water (Morris et al., 2003). Discomfort and death are some of the risks associated with the ingestion of water containing pathogens or toxic elements (WHO, 2012). It is estimated that 3.4 million people die each year as a result of diseases associated with pathogens in water including cholera, typhoid, infectious hepatitis, cryptosporidiosis, polio, diarrhoeal diseases and ascariasis (WHO, 2014). Traditional techniques of water quality assessments are costly, time and labour intensive and they are inadequate in spatial and temporal scales (Glasgow et al., 2004). Recent studies by Kilonzo et al. (2014) and Waithaka et al. (2015) revealed deterioration patterns in water quality within river systems as a result of changes and intensity of land use activities. Moreover, a study by Kithiia and Mutua (2006) within rivers Nzoia, Nyando and Kerio reported an increase in water pollutants and eventual contamination downstream. 
The people who are most at risk as a result of water quality decline are those who live near contaminated water bodies and those who have no options with regards to access to safe water or to improved sanitation (Rahman et al., 2012). As of 2008, about 42 percent of the world’s population then or 2.6 billion people, still had no access to improved sanitation (Isunju et al., 2011). Fish and other organisms consumed by humans can bio-accumulate chemicals and toxins hence affecting human health or humans can ingest these compounds directly, causing developmental and neurological damage (Ehiagbonare and Ogunrinde, 2010). Each year, 1.8 million people die from diarrhea disease, directly linked to unsafe water or poor sanitation and hygiene (Yongsi, 2010). Over 1.5 million of these are children under five years, who are more vulnerable to diarrhea than Malaria and Human Immuno deficiency Virus (HIV) combined (Kouadio et al., 2012). Other grim statistics include roughly 200 million people around the globe are infected with Schistosomiasis, which is a debilitating, water-borne parasitic disease and that in 2009, over 50 countries in the world still reported cholera to the World Health Organization (WHO) (Rinaldo et al., 2017).
Abysmal water quality is directly correlated to the availability of water in a number of ways. A polluted source of water that cannot be utilized by people in a number of different ways which include but are not limited to bathing, drinking, industrial and agricultural production effectively reduces the amount of useable water within a given area (Zeng et al., 2013). Regardless, the use of poor quality water (e.g. saline and brackish waters) may have direct and profound impacts on productive use, such as irrigated agriculture, with substantial effects on land degradation, crop production and consequently on rural income and food security (Pang et al., 2010). Roughly 700 million people in 43 countries globally today suffer from water scarcity, a situation whereby the water has been degraded to an extent where treatment is utterly expensive due to the infrastructural investment required and where there are insufficient water resources to satisfy long-term average requirements (Munia et al., 2016). By 2025, 1.8 billion people across the universe will be living in countries or regions with out-and-out water scarcity and two thirds of the world’s population could be living under water-stressed conditions (Wada et al., 2011). All of this coupled with the climate change phenomenon means that half of the world’s population will be living in conditions of water stress by 2030, including between 75 million and 250 million people in the African continent (Shiferaw et al., 2014).
In light of the above situation, water quality issues deserve greater attention alongside water quantity in water resources management. Nevertheless, given the complexity and magnitude of the challenges discussed above, an effective response to water quality problems will involve a collaborative effort by all stakeholders including the public sector, the private sector and the civil society. The water quality of River Chania has not been sufficiently documented hence the need to determine and document.
[bookmark: _Toc14345965][bookmark: _Toc377039665][bookmark: _Toc49598934]2.2.3 Strategies to combat water quality problems
[bookmark: _Toc14345966][bookmark: _Toc377039666]The four basic strategies to combat water quality degradation and which can form the basis of policy formulation and solutions for improving water quality include: (1) prevention of pollution, (2) safe use of wastewater, (3) treatment of polluted water and, (4) restoration and protection of ecosystems (Palaniappan et al., 2010).
[bookmark: _Toc49598935]2.2.3.1 Prevention of pollution
This strategy involves the reduction or elimination of waste at the source. Prevention is prominently regarded as the most cost-friendly, easiest and most effective way to protect water quality. Moreover, not only are there environmental benefits accrued from prevention or reduction of water pollution but there are also financial benefits as well, as generation of waste especially from industrial and agricultural processes, is a demonstration of inefficient use of materials and resources (Belayutham et al., 2016).
Industrial solutions for prevention of pollution include reformulating products so that they produce less pollution levels and so that the same products require fewer resources (including water) during their manufacture. In agriculture, nutrient input reduction and generally water usage can reduce pollution. Appropriate agricultural practices include cover cropping, crop rotation, improved irrigation management, conservation agriculture and integrated pest management methods (Olayide et al., 2016). Domestically, improved sanitation coverage, considerations of settlement design (such as the types of materials used for construction), the handling of storm water and reducing wastewater production are the most obvious solutions to water quality decline prevention (Larsen et al., 2016).
[bookmark: _Toc14345967][bookmark: _Toc377039667][bookmark: _Toc49598936]2.2.3.2 Treatment of polluted water
In an event where pollutants are attributed to domestic, agricultural and industrial activities, wastewater ought to be treated before being discharged into waterways (De Gisi et al., 2016). Treatment techniques for polluted waters range from high-technology, energy-intensive approaches to low technology, low energy, biologically and ecologically focused approaches (Rajasulochana and Preethy, 2016) In situations where there is existence of good water distribution and treatment systems, it is imperative that there is constant effort to ensure the system undergoes periodic maintenance in order to expand their effective operation (Adeleye et al., 2016). Nonetheless, many wastewater treatment facilities are not working due to unskilled, semi-skilled or deficient human, technical and financial resources for operation and maintenance. Systems which are poorly maintained and operated can result in the degradation of even high quality water before it reaches at its point of utilization (Trendewicz and Braun, 2013).
[bookmark: _Toc14345968][bookmark: _Toc377039668]The appropriate treatment option for polluted water is a function of the intended after use. For instance, a modern multi-stage water treatment plant is typically required to supply drinking water for large settlements. Solar stills and smaller-scale filtration or disinfection plants are solutions at the community level. At the household level, solutions include boiling, simple water filter, solar pasteurization, chlorine treatment and solar water disinfection (Gupta et al., 2012). Several of the techniques mentioned above may be applicable for treatment of water for industrial use, however, water meant for agricultural use in some cases can be of much lower quality especially where harmful contaminants that can build up in soils and crops are non-existent (Bauder  et al., 2011).
[bookmark: _Toc49598937]2.2.3.3 Safe use of wastewater
To render wastewater environmentally safe, it is ideally treated before being disposed of into waterways. However, it can be safely used, sometimes even untreated, in situations where impacts on human health and the environment are clear and all possible action is taken to get rid of risks (Sato et al., 2013). If well monitored and regulated, safe use of wastewater, for example in agriculture, can reduce the pressure exerted by anthropogenic activities on existing freshwater resources and increase water supply in water-scarce and semi-arid zones and in rapidly growing peri-urban areas (Pedrero et al., 2010). Moreover, wastewater can be an important source of nutrients and if well regulated, it can potentially be valuable for certain agricultural uses, reducing expenses associated with expensive chemical fertilizers (Sahu et al., 2013). Furthermore, agriculture may play a role in biological treatment, thus removing unwanted nutrients that may otherwise pollute water bodies.
To reduce the pressure exerted on water bodies for water supply, peri-urban and rural areas can reuse treated human wastewater as a viable source of water (Grant et al., 2012). Ecological sanitation, for example, is a low-cost method of dealing with human waste promoted by many development agencies (Haq and Cambridge, 2012). It calls for the separation of urine and faecal matter with sterile urine potentially being applied directly to plants, while faecal matter being composted until it is safe for application on land. This approach has been in use in some countries and regions including Burkina Faso, Niger, Kenya, China, Sweden, India and parts of Eastern Europe (Simha and Ganesapillai, 2017). By recycling water and using dry pre-stored human wastes, livelihoods are created for the local people as well as market opportunities for the provision of local fertilizers that suit the soils and soil conditioners for agriculture (Andersson et al., 2011).
[bookmark: _Toc14345969][bookmark: _Toc377039669]Safe reuse of wastewater can also be achieved in industries, for example those that are involved in food processing and utilize large amounts of water, and therefore discharge large quantities of wastewater (Qu et al., 2012). In such an event, safe reuse of wastewater, as a component of cleaner production application, can improve water and energy efficiency and bring about environmental benefits (Yi et al., 2011). For instance, industry can reuse wastewater from certain processes in other applications that do not demand high quality water, or apply appropriate technologies to process wastewater for procedures requiring water of higher quality (Salgot and Folch, 2018). Namibia and Singapore are good examples of where freshwater resources for both human consumption and industrial use are augmented with treated wastewater (Bahri and Asano, 2011). 
[bookmark: _Toc49598938]2.2.3.4 Restoration and protection of ecosystems
Ecosystem services accrue as a result of healthy ecosystems in the form of water purification, many a time at far lower cost than subsequent engineered efforts to remedy polluted waters (Gordon et al., 2010). When water systems, including watersheds, are adversely impacted by substandard water quality, strategies to counter pollution and restore systemic health and functions are paramount (Keeler et al., 2012). Ecological restoration involves assisting the recovery of an ecosystem that has for long been destroyed, degraded or damaged (Suding et al., 2015). Restoration of rivers and wetlands and the removal of upstream dams are straightforward strategies for freshwater restoration. Ecohydrology on the other hand is one of the most well established approaches that can be used to arrest pollution from both point and non-point sources (Zalewski, 2011).
An ecohydrological approach hinges on the understanding of the interrelationships between the ecological processes and the water cycle in a given catchment and supports the role of ecosystem processes in water quality improvement (Izydorczyk et al., 2013). Ecohydrology can address water-related threats, such as reducing flood risk by increasing the retention capacity of the landscape, or by creating wetlands that avert contaminants from entering water bodies (Burt et al., 2010). Examples of ecohydrological approaches worldwide can be derived from Japan, Poland and Iraq (Li, 2012). 
[bookmark: _Toc49598939][bookmark: _Toc535401899][bookmark: _Toc14345970][bookmark: _Toc377039670]2.3 Use of Water Quality Index for water quality evaluation
[bookmark: _Toc49598940]2.3.1 Methods of evaluating water quality of river ecosystems
River ecosystems are among the most vital ecosystems the in the world where water is abstracted for fundamental purposes such as industry, agriculture and drinking (Chitsaz and Azarnivand, 2017). However, they are among the most threatened ecosystems in the planet due to reckless human activities, rapid population growth and accelerated industrialization (Krishan et al., 2016). This trend expedites descends of surface water resources and degrades water quality (Pophare et al., 2014). Several methods of evaluation have been put into practice in an effort to come up with accuracy in the determination of water quality (Zahedi et al., 2017).
[bookmark: _Toc535401901][bookmark: _Toc14345972][bookmark: _Toc377039672][bookmark: _Toc49598941]2.3.1.1 Physico-chemical approach
Water quality is influenced by numerous physico-chemical and biological variables which are introduced naturally or by human activities into river ecosystems (Bald et al., 2005). Physico-chemical approach is based on the qualitative determination of parameters derived from the aquatic environment. These parameters include Dissolved Oxygen (DO), Biological Oxygen Demand (BOD), temperature, pH, electrical conductivity, salinity, nitrates, total phosphates, sulphates and transparency (Chung et al., 2016). This approach is founded on the concept of comparison of the parameter measurements with water quality standards derived from national standards of different countries on water, sewage and other effluents (Bhandari and Nayal, 2008).
However, the physico-chemical approach is an expensive venture in the assessment of water quality in all the water bodies in the world because of the use of so many water quality parameters. This is because numerous water samples would be required to determine the health status to permissible limits (Prasanna and Ranjan, 2010). Increasing complexity and irregularity of agro-chemicals and domestic discharges underlines the challenge in the assessment of water quality since it becomes difficult to be monitored or detected (Dabrowski et al., 2009). Physico-chemical measurements cannot stand alone effectively in the assessment of water quality in rivers because their ecological influence is too complex (Pablos et al., 2018) hence the need for WQI method. This problem will be addressed by the study in River Chania with the incorporation of WQI method which aggregates large quantities of data into simple values which are easily understood even by lay people
[bookmark: _Toc535401900][bookmark: _Toc14345971][bookmark: _Toc377039671][bookmark: _Toc49598942]2.3.1.2 Water Quality Index
[bookmark: __Fieldmark__3835_1821388719][bookmark: __Fieldmark__3859_1821388719][bookmark: __Fieldmark__3867_1821388719]Ground-breaking and pioneering work of developing WQI was by Horton in 1965 and subsequently developed by Brown et al. (1970). It was subsequently improved by Krishan and Singh (2016). Water Quality Index (WQI) is a method used for rating which involves evaluating the composite effect of each variable as well as clarification of all qualitative variables on drinking water (WHO, 2003). In the calculation of WQI, each parameter is weighed in relation to its effect on human health (Goher et al., 2014). One of the major merits of using WQI is the ease of interpretation of water quality trends in different times and places in an appropriate way (Nasirian, 2007). Therefore, the index has occupied a special niche in water resources planning and management especially for drinking purpose (Nikoonahad et al., 2010). Other merits of the index include the flexibility in its use since it gives the researcher the freedom to select from various polluted ecosystems based on generic or specific levels (Lumb et al., 2011) and can be applied universally because it is not affected by the geographic locality of a water body (Reza and Singh, 2010).
[bookmark: __Fieldmark__3882_1821388719][bookmark: __Fieldmark__3889_1821388719][bookmark: __Fieldmark__3900_1821388719][bookmark: __Fieldmark__3912_1821388719]WQI is regarded as the most effective tool for determination of water quality (Zahedi, 2017). This technique is recommended for application in the assessment of both ground and surface water quality (Naubi et al., 2016; Bora and Goswami, 2017). A pre-determined number of variables are taken into account in the calculation of WQI to rate water quality and determine the adequacy of water for drinking (Ochuko et al., 2014).    
Some of the demerits of WQI are that firstly, it might not hold sufficient information about the real quality status of the water (Sidek et al., 2016). In addition the water quality variables are aggregated into WQI values (0-100) based on a specific formula (see formulae 1 – 4 in page 33-34) and the periodic reports only show the aggregated value with classified pollution level (i.e. poor, marginally polluted, fair, good and excellent quality) (Saleh et al., 2014). However, the advantages of applying WQI outweigh the disadvantages. In terms of complexity, it is not a complex predictive tool for scientific and technical use and also communicates water quality issues to the general public and also policy makers  (Vasanthavigar et al., 2010). 
[bookmark: __Fieldmark__4003_1821388719][bookmark: __Fieldmark__4019_1821388719][bookmark: __Fieldmark__4034_1821388719][bookmark: __Fieldmark__4051_1821388719][bookmark: __Fieldmark__4066_1821388719][bookmark: __Fieldmark__4080_1821388719][bookmark: __Fieldmark__4101_1821388719]Mosaferi et al. (2015) applied WQI using seven qualitative parameters to assess the quality of drinking water in Sabalan aquifer. While Sadat-Noori et al. (2014) outlined Saven-Arak plane to determine adequate regions where water for drinking can be exploited. Lermontov et al. (2009) expressed their reservations that despite the positive effect of WQI in qualitative assessment of water resources it has its limitations. These would include the classifications generated from this index which would lead to inflexible and definite results. In addition, Dahiya et al. (2007) stated that this analysis in some instances provided unreliable consequences. Zahedi et al. (2017) and Hosseini-Moghari et al. (2015) observed that Drinking Water Quality Index (DWQI) and Irrigation Water Quality Index (IWQI) aroused contradicting results of water quality ranking; such that water quality reported to be appropriate for drinking purposes is unfit for agriculture. Amiri et al. (2014) invented novel techniques of computing WQI. They modified WHO based results of WQI by taking advantage of Multi Criteria Decision Making (MCDM) methods.
Shokuhi et al. (2012) used WQI to establish the water quality of Agdughmush dam in Mianeh, Iran. They observed that a significant proportion of measured samples had good water quality according to WQI standards by WHO. The result of the study revealed that the lake had good water quality for drinking. Baghapour and Shooshtarian (2017) used WQI to evaluate water quality in Khorram Abad, Iran in 6 stations for a period of 6 months. The study showed that the best and the worst quality status were classified in quality designations of good and bad respectively. Abba et al. (2015) evaluated the water quality patterns in Yamuna Rover in India using WQI for 3 years including 2000, 2005 and 2010. Their research revealed declining trend of water quality due to incautious increase in human activities.
[bookmark: _Toc535401895][bookmark: _Toc14345961][bookmark: _Toc377039661][bookmark: _Toc49598943][bookmark: _Toc535401896]2.4 Socio-economic factors affecting water quality
[bookmark: _Toc14345962][bookmark: _Toc377039662][bookmark: _Toc49598944]2.4.1 Agriculture and other land based activities
[bookmark: __Fieldmark__3648_1821388719][bookmark: __Fieldmark__3658_1821388719]Unsustainable agricultural practices meant to meet growing demand for food leads to increased pressure on water resources and degrades water quality from runoff-carrying fertilizers and pesticides (Cañedo-Argüelles et al., 2013). In other cases, abstraction of water for irrigation significantly affects the availability of surface water thereby contributing to water quality degradation by addition of salts, fertilizers and pesticides by the returning water (Adeoye et al., 2013). 
[bookmark: __Fieldmark__3674_1821388719][bookmark: __Fieldmark__3692_1821388719][bookmark: __Fieldmark__3697_1821388719]Increase in nutrients due to land-based activities causing eutrophication and other undesirable changes in aquatic ecosystems is one of the most studied phenomenon on water bodies  (Smith et al., 2006; Bricker et al., 2014; Glibert et al., 2018). Nitrogen and phosphorous are at low levels in pristine water bodies, However, they can be typically high in rivers due to the influence of human activities, particularly due to runoff from agricultural lands (Schindler, 2006). Consequently, rivers transport these pollutants including sediments and nutrients to coastal ecosystems and as a result eutrophication has increasingly become a major problem in coastal waters. Eutrophication is a major water quality issue currently due to the increased demand for food production thus intensification of agricultural activities (Borysova et al., 2005).
[bookmark: _Toc535401897][bookmark: _Toc14345963][bookmark: _Toc377039663][bookmark: _Toc49598945]2.4.2 Industrial activities
[bookmark: __Fieldmark__3721_1821388719][bookmark: __Fieldmark__3730_1821388719][bookmark: __Fieldmark__3751_1821388719][bookmark: __Fieldmark__3758_1821388719][bookmark: __Fieldmark__3771_1821388719]Social and economic prosperity is a subject of adequate amount of good quality water for manufacturing and production processes as well as for the treatment and assimilation of waste products (UNEP, 2016). Production of pharmaceutical products demands high quality water while other industrial processes such as paper production require large volumes of water. To meet these needs will be a challenge if the current water use and pollution continue (Bhaduri et al., 2016). In practice, only the most toxic and persistent pollutants are measured on a regular basis in rivers because the number of possible compounds is high, their concentration is low and the measurement expensive (Petrovic, 2014). This data is scarce at a global scale though it is easily available in some countries (Hughes et al., 2012). Currently, new toxins are being investigated due to their likelihood of reaching aquatic ecosystems and lead to contamination of aquatic systems and harm human health through ingestion (Corcoran et al., 2010). 
[bookmark: _Toc535401898][bookmark: _Toc14345964][bookmark: _Toc377039664][bookmark: _Toc49598946]2.4.3 Domestic and municipal wastewater
[bookmark: __Fieldmark__3787_1821388719][bookmark: __Fieldmark__3800_1821388719]Sewage from homes and other establishments contain organic matter, pathogens and chemicals used by man such as personal care products (Klein et al., 2010). Human and animal waste contains pathogens such as viruses, bacteria, worms and protozoa whose occurrence is a subject of geographical location and occurrence of the disease in the local population (Murray and Drechsel, 2011). The effect of socio-economic activities on the water quality of River Chania has not been documented hence the need to evaluate the effects and document them. 
[bookmark: _Toc49598947]2.5 Summary and research gap
Socio-economic factors such as the density of human population, education attainment, and gross domestic product are typically utilized as indicators of the impact of human-related stressors in freshwater ecosystems (e.g., Farzin and Grogan, 2013). Chen and Lu (2014) reported that socio-economic factors such as human population density explained a more significant percentage (45%) of the overall river water quality variance than natural elements such as topography and some factors related to land use. The study also found that human population density was a significant predictor for phosphorous concentration, while gross domestic product mostly explained variability in electrical conductivity. Another study also reported that the human population was a significant source of disturbance to coastal wetlands and that it had a considerable influence on phosphorous and chloride concentrations (Morrice et al., 2008).
One of the simplest methods to assess water quality conditions is by using water quality indices (Citation). It is a tool that provides meaningful summaries of water quality data that are useful to both technical and non-technical individuals interested in water quality results. It is important to note that the WQI is not a substitute for detailed analysis of water quality data and should not be used as a sole tool for management of water bodies. It was simply developed to provide a broad overview of environmental performance (Citation). Any number of water quality measurements can serve and have already been used as indicators of water quality. However, there is no single measure that can describe overall water quality for any one body of water, let alone at a global level. As such, a composite index that quantifies the extent to which a number of water measures deviate normal, expected or ‘ideal’ concentrations may be more appropriate for summarizing water quality conditions across a range of inland water types and over time. Although there is no globally accepted composite index of water quality, some countries and regions have used, or are using aggregated water quality data in the development of water quality indices (Citation). Indices simplify and reduce the required raw and primary data for describing water quality. The spatial variation of the indices can show the particular water quality issues within a river body, thereby allowing managerial decisions to be made. In simple terms, indices are proper tools to determine conditions of water quality and like any other tool; it requires knowledge about principles and basic concepts of water and related issues. This study draws upon the lack of expert study and inspection of the water quality of River Chania in Kiambu County, Kenya.

[bookmark: _Toc535401905][bookmark: _Toc14345976][bookmark: _Toc377039676][bookmark: _Toc49598948]CHAPTER THREE
[bookmark: _Toc535401906][bookmark: _Toc14345977][bookmark: _Toc377039677][bookmark: _Toc49598949]MATERIALS AND METHODS
[bookmark: _Toc535401907][bookmark: _Toc14345978][bookmark: _Toc377039678][bookmark: _Toc49598950]3.1 Description of the study area
[bookmark: _Toc14281248][bookmark: _Toc14345979][bookmark: _Toc14792307][bookmark: _Toc377039679][bookmark: _Toc49598951][bookmark: __Fieldmark__4207_1821388719][bookmark: __Fieldmark__4245_1821388719]The study was carried out in along River Chania in Kiambu County. River Chania along with its tributaries, Thika and Kariminu, originate from the slopes of Mt. Kinangop in the Aberdare ranges which is the second largest water tower in Kenya (Figure 3.1) (CGK, 2016). Aberdare ranges are located in the central province of Kenya which comprises of 160 kilometers long mountain range of upland north of Kenya’s capital city Nairobi, with 3500 meters elevation above sea level (Lambrechts et al., 2003). River Chania’s catchment, located within the Upper Tana catchment, covers an area of 840 km2 and covers three counties in Kenya; namely Kiambu, Murang’a and Nyandarua. This catchment lies between latitude 0.753 oN and 1.04 oN and longitudes 36.58 oE and 37.07 oE (Ng’ang’a et al., 2017). The river has a confluence with River Thika at the catchment’s outlet and drains into the Masinga reservoir (Kumari and Gunarathna, 2016). The human population that depends on the water supply from River Chania according to the 2019 Kenya Population and Housing Census is 2,417,735 with 1,187,146 males and 1,230,454 females. Population growth rate can be explained by the influx of people working in the city who prefer to stay in the area and its environs where there is less congestion and well developed infrastructure. In terms of gender, the sex ratio of male to female was roughly 1:1.02 (KNBS, 2019).
[bookmark: __Fieldmark__4292_1821388719]Distribution of rainfall in the study area is bimodal. The long rains are experienced between mid-March to May and the short rains between mid-October to November. The average annual rainfall is a function of altitude where higher regions receive 2000 mm and lower areas of Thika town receive as low as 600 mm and the overall average for the county is 1200 m. Temperature ranges between 7 oC in the upper highlands and 34 oC in the lower midland zones with an average temperature of 26 oC (CGK, 2016). The study area is also characterized by Acrisols, Alisols, Lixisols and Luvisols (Jaetzold et al., 2007). These soils oocur in the coffee zones in the sub-humid areas on undulating to hilly topography. These soils show an increase in the clay content in the sub-soil (B-horizon), in which the sub-soil is often not very porous, impeding root spreading. These soils in wet areas are characterized by low pH, aluminum and manganese toxicities and low levels of nutrients and nutrient reserves (Jaetzold et al., 2007). Soils found in high level uplands are very fertile due to volcanic activity and are suitable for livestock keeping and growing of crops such as coffee, tea, pyrethrum, maize, beans, peas and potatoes. Soils in the middle zone and the eastern part are inferior in quality and form the semi-arid areas. They have sandy and clay soils which are limited in functionality and support drought resistant crops such as soya beans and sunflower, in addition to ranching operations. Parts of Thika town where a section of the River flows is characterized by shallow soils which have poor drainage as well as experience scanty rainfall which hamper agricultural activities (Jaetzold et al., 2007). 
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[bookmark: _Toc49599896]Figure 3.1: Map of Kenya highlighting the study area 
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[bookmark: _Toc49599897]Figure 3.2: Map of River Chania water catchment
[bookmark: _Toc535401908][bookmark: _Toc14345981][bookmark: _Toc377039681][bookmark: _Toc49598952]3.2 Research design
The experiment employed a longitudinal study design along the river profile. Seven sites were selected along the River Chania based on the prevailing anthropogenic activities and ease of access. The distances between the sites varied between 1 km and 2.5 km and the total length of river studied was 10 km. All the sites on the River Chania had different surrounding land uses. Site 1 had an indigenous forest and dense vegetation cover and served as the control site. In contrast, Sites 2 and 3 have numerous coffee and flower plantations on either side of the River as well as horticultural fields on both banks. Sites 4 and 5 have farmed fields, coffee plantations on the left bank and residential houses on the right bank of the river, while Sites 6 and 7 are dotted with residential houses, industries and other commercial activities on both banks. The descriptions and geographical locations of the study sites are presented in Table 1 and Table 2. (Plate 4.1-Plate 4.11). The descriptions of the study sites are presented in Table 3.1.

The cross-sectional survey design enabled the researcher to collect socio-economic data at a single site at a time. The data collected assessed the human activities that affect water quality in River Chania. Finally, sixty (60) individuals were randomly selected from each site. The number of individuals selected as respondents was in line with Mugenda and Mugenda (2009) study that asserted that 30 and above respondents are representative enough of a population. 






[bookmark: _Toc14285523]Table 3.1: Description of the sampling sites 
	Site codes                                                                           
	        Description

	Site 1

Site 2


Site 3


Site 4

Site 5

Site 6


Site 7

	- River Chania at Karimenu, forested zone. This site is located in a forested area. There were trees and shrubs on both banks and there were no human settlements near the river.
- River Chania just before Chania Estate Bridge and located next to Penta flowers factory. There were trees and shrubs near the river, people washed clothes and abstracted water but no domestic animals were observed. Residential homes are present within 150 metres from the river. Agricultural activities were observed near river.
- River Chania after Chania Estate Bridge at Chania Coffee factory. Residential homes released domestic water into river; the coffee factory also released effluents; people washed clothes, bathed and swam in the river; motorbikes were washed in the river; there are agricultural activities and associated fertilizer and pesticides being applied.
- River Chania just before the onset of Ngoingwa Estate is a residential area that releases domestic effluents into the river; there are agricultural activities; people wash clothes and bathe in the river and water is abstracted.
- River Chania after Ngoingwa Estate but just before Thika town. Mainly a residential area that releases effluents into the river; there is
Subsistence farming and raising of livestock; people wash clothes in the river and have removed some of the riparian vegetation.
- River Chania just before the intake weir of Thika town and the intake weir of Kiambu Water and Sewerage Company (KIWASCO). The
riparian plants have been removed on both banks, garbage washes into the river from the adjacent road leading to Nairobi and people wash their motorbikes into the river.
- River Chania just after Thika town at Biafra. Industrial and domestic effluents are released into river; a Hindu crematorium disposes of ashes into the river; Delamare pineapple farm is situated here and much of the riparian vegetation has been removed.



[bookmark: _Toc14345982][bookmark: _Toc377039682][bookmark: _Toc49598953]3.3 Data collection and analytical procedures
Four water quality samples were collected at each site in the wet (October and November 2018) and the dry season months (January and February 2019). The water samples were collected in triplicate at a depth of about 20 cm, so there were 21 samples collected per month and 84 samples over the entire period. The samples were collected in pre-cleaned polypropylene bottles washed with distilled water. Temperature, electrical conductivity pH and total dissolved solids (TDS) were measured in-situ using a thermometer, conductivity, pH and TDS meters, respectively. Nitrites were analysed using the sulphanilic acid method (Dobrinas et al., 2013), nitrates and sulphates using the spectrophotometric method (Beaton et al., 2012) and total phosphates using the ascorbic acid method (Jońca et al., 2011). The atomic absorption spectroscopy method was used for both manganese and copper measurements (Ahmed et al., 2017). In contrast, the atomic emission spectroscopy method (Albert et al., 2011) and the argentometric method (Rahbar et al., 2019) were employed in the determination of potassium and chloride, respectively. The methods of chemical analysis are described by APHA (2002) and summarised in Table 3.2.

Primary survey data for this study was collected using a semi-structured interview schedule (Appendix 3). The interview schedule was administered with the help of enumerators who were selected and trained for this exercise. A total of 60 sampled respondents were interviewed. Prior to data collection, the data collection instruments were tested both for validity and reliability using a sample of 10 interview schedules administered to 10 randomly selected individuals. The information collected centred on demographics such as gender, age, education level, household size, average monthly income, change in households’ number, residence period, water meter connection, sources of households’ drinking water, water quality satisfaction and water quality issues. 

[bookmark: _Toc14285524]




Table 3.2: The measured parameters and method used in measurement
	Parameter
	              Units
	Analytical procedures and equipment

	Temperature
TDS
Turbidity
Conductivity
pH
Nitrite
Nitrate
Sulphate
Total phosphate
Potassium
Manganese
Copper
Chloride
	                  oC
              mg/L
              NTU
              µs/cm
̲
              mg/L
              mg/L
              mg/L
mg/L
              mg/L
              mg/L
              mg/L
              mg/L
	Thermometer
TDS meter
Turbidity meter
Conductivity meter
pH meter
Sulphanilic acid method
Spectrophotometric
Spectrophotometric
Ascorbic acid method
Atomic emission spectroscopy
Atomic absorption spectroscopy
Atomic absorption spectroscopy
Argentometric



[bookmark: _Toc14345983][bookmark: _Toc377039683][bookmark: _Toc49598954]3.4 Water Quality Index (WQI)
A Water Quality Index was calculated using the Weighted Arithmetic Mean method (Chowdhury et al., 2012; Balan et al., 2012). The method follows three steps (Alobaidy et al., 2010). The first involves assigning a weight (wi) to each parameter according to its perceived importance to water quality and human health (Avvannavar and Shrihari, 2008; Saeedi et al., 2010). Nine water quality parameters were used in the calculation of water quality index: nitrates, total dissolved solids (TDS), potassium, sulphate, chloride, copper, manganese, pH and Total phosphate.
Table 3.3 and Table 3.4 show the assigned weights and the World Health Organization (WHO) recommended standards for drinking water quality (WHO, 2011). The assigned weights range from one to five, with the most influential parameter on water quality and human health being assigned five and the least influential being assigned one (Srinivasamoorthy et al., 2008). Nitrates and manganese were assigned the highest weight; Total phosphate, sulphate, chloride, TDS, copper, and pH were assigned intermediate weights and potassium the lowest due to their perceived effects on water quality and human health (Varol and Davraz, 2015). If the values of these parameters are beyond the acceptable threshold, they could limit water use for domestic and drinking purposes (Yidana and Yidana, 2010).  
Table 3.3: Water quality parameters and the recommended water quality standards by World Health Organization (WHO) 
	Parameter
	Unit
	WHO

	Temperature
	oC
	-

	pH
	-
	6.5-8.5

	TDS
	mg/L
	1000

	Conductivity
	µs/cm
	500-5000

	Turbidity
	NTU
	5

	Chloride
	mg/L
	250

	Sulphate
	mg/L
	250

	Phosphate
	mg/L
	5

	Nitrate
	mg/L
	50

	Nitrite
	mg/L
	0.2-3

	Manganese
	mg/L
	0.4

	Copper
	mg/L
	1-2

	Potassium
	mg/L
	30


[bookmark: _Toc14285526]
Table 3.4: Physico-chemical parameters, prescribed values by WHO, weights assigned (wi) and corresponding relative weights (Wi)
	Parameter       
	wi
	WHO standard
	Wi

	Nitrates
TDS
Potassium
Sulphates
Chlorides
Copper
Manganese
pH
Total Phosphates
 
	5
3
2
4
3
4
5
4
3
	50
1000
30
250
250
1
0.4
7.5
5
	0.152
0.091
0.061
0.121
0 .091
0.121
0.152
0.121
0.091

	
	∑=33
	
	


Source: WHO, 2011
The second step involves the computation of the relative weight (Wi) by the use of equation 1;

Wi =  ………………………………….………………………………………(1)
Where Wi is the relative weight, wi is the assigned weight of each parameter and n is the number of parameters.
The third step involves calculating a quality rating scale (qi) for each parameter using equation (2) below. This is done by dividing the concentration of each parameter (Ci) in each water sample by its respective set standard (Si) and the result multiplied by 100. The standard (Si) used was WHO (2011).

qi = (  ) ×100 …………………………………………………………………….(2)
Where qi is the quality rating, Ci is the concentration of each parameter in each water sample and Si is the WHO set drinking water standard for each parameter. In the calculation of WQI, sub-index (SIi) is determined first for each parameter (Equation 3) and the WQI is derived from the summation of the different sub-indices as indicated in equation 4.
SIi = wi × qi ………………………….……………………………………………….. (3)

WQI =  …………………………………………..………………………………(4)
[bookmark: _Toc14285527]The WQI values obtained were classified into five water quality classes; 0-25 indicates excellent water quality, 26-50 indicates good water quality, 51-75 indicates poor water quality, 76-100 indicates very poor quality of water and >100 indicates water that is unsuitable for drinking purposes (Tyagi et al., 2013) (Table 3.5).



Table 3.5: Water Quality Indicator (WQI) classes for drinking purpose
	Class number    
	WQI Range
	Water type

	1
2
3
4
5
	0-25
26-50
51-75
76-100
>100
	Excellent
Good
Poor
Very poor
Unsuitable for drinking purpose


Source: Tyagi et al., 2013.
[bookmark: _Toc14345984][bookmark: _Toc377039684][bookmark: _Toc49598955]3.5 Data analysis
The mean values of the replicate samples collected were calculated in Microsoft Excel. A paired t-test (p< 0.05) was used to compare the water quality variables collected in both the wet and dry seasons across sites to see if these differed longitudinally down the river. The data were subjected to analysis of variance (ANOVA) using Statistical Analysis Software (SAS) version 9.2 (Ferreira 2011) and means separated using LSD at p< 0.05 confidence level.
The socio-economic characteristics data of the respondents was entered and managed in Microsoft excel and later coded. Consequently, the data was analyzed using descriptive statistics such as frequencies and percentages. In order to express the degree of correspondence between two variables, Pearson Chi-Square was used. Multinomial Logit Regression (MNLR) model was used with the objective of determining how the different socio-economic factors affect water quality at a statistical significance of 5% probability level in concurrence with Hassan and Nhemachena (2008). To conduct these analyses, Statistical Package for Social Sciences (SPSS) version 21 (Bryman and Cramer, 2002) was used.


[bookmark: _Toc14345985][bookmark: _Toc377039685][bookmark: _Toc49598956]CHAPTER FOUR
[bookmark: _Toc14345986][bookmark: _Toc377039686][bookmark: _Toc49598957]RESULTS AND DISCUSSION
[bookmark: _Toc49598958]4.0 Results
[bookmark: _Toc14345987][bookmark: _Toc377039687][bookmark: _Toc49598959]4.1 Physico-chemical parameters
The physico-chemical parameters measured in the River Chania are presented in Table 4.1. Temperature varied significantly among the sites in both seasons (Table 4.1). Site 7 had the highest temperature compared to the other sites in both seasons; 20.43 ± 0.15oC for the wet season and 23.43 ± 0.33oC for the dry season (p< 0.05). However, in the dry season, only Sites 1 (20.43 ± 0.27oC) and 3 (20.15 ± 0.50oC) were significantly cooler. Temperature increased with reducing altitude in both seasons at all sites except for Site 3. The temperature across all sites ranged from 16.60 ± 0.17oC to 20.43 ± 0.15oC and 20.15 ± 0.50oC to 23.43 ± 0.33oC in the wet and dry seasons, respectively (Table 4.1).
Total dissolved solids (TDS) mean values were higher during the dry season and especially high at Site 7 (53.61 ± 1.10 mg/L), while Site 3 (16.37 ± 0.28 mg/L) recorded the lowest in the same season. During the wet season, the highest mean value was recorded at Site 7 (51.90 ± 0.58 mg/L), whereas the lowest mean value was recorded at Site 2 (10.96 ± 0.39 mg/L) (Table 4.1). On the other hand, mean turbidity values were highest during the wet season and especially high at Site 7 (278.48 ± 1.84 NTU). The highest turbidity value during the dry season was also recorded at Site 7 (76.22 ± 1.16 NTU) and the lowest at Site 3 (17.54 ± 0.70 NTU). During the dry season, the results revealed that turbidity values were significantly different between Site 1 to Site 5 (p< 0.05), but there were no differences between Sites 6 and 7 (Table 4.1).  
[bookmark: _Toc535401913]With regard to heavy metals (manganese and copper), higher mean values were recorded during the wet season at downstream sites (Sites 5 to 7) (Table 4.1).  Manganese levels in the wet season increased downstream, however, this trend was not observed in the dry season. The highest values for manganese were recorded at Site 7 (1.78 ± 0.07 mg/L) in the wet season and at the same site (0.26 ± 0.02 mg/L) in the dry season. Manganese concentration ranged from 0.21 ± 0.02 mg/L to 1.78 ± 0.07mg/L and 0.11 ± 0.01mg/L to 0.26 ± 0.02mg/L in the wet and dry seasons respectively. The manganese value for the wet season was four times (0.72 mg/L) higher than the manganese during the dry season (Table 4.1). The mean Copper values significantly varied among the sites in both seasons (Table 4.1). Sites 6 (0.22 ± 0.03 mg/L) and 7 (0.22 ± 0.01 mg/L) had the highest copper levels during the wet season compared to the other sites in both seasons but these differences were not significant. Copper levels ranged from 0.11 ± 0.01 mg/L to 0.22 ± 0.01 mg/L and 0.04 ± 0.01 mg/L to 0.16 ± 0.02 mg/L in the wet and dry seasons, respectively (Table 4.1).
Sulphate levels ranged from 21.97 ± 0.49 mg/L to 62.48 ± 0.87 mg/L and 26.39 ± 0.93 mg/L to 82.00 ± 1.15 mg/L in the wet and dry seasons respectively. Sulphate values did not significantly vary among sites in both seasons. Phosphate concentration ranged from 0.08 ± 0.02 mg/L to 2.43 ± 0.11 mg/L and 0.08 ± 0.01 mg/L to 1.34 ± 0.46 mg/L in the wet and dry seasons respectively. Phosphate values, too, did not significantly vary among sites in the wet season, but conversely, they were different in the dry season. Nitrate concentrations were higher during the wet season (0.61 ± 0.24 mg/L to 2.60 ± 0.05 mg/L) than in the dry season (0.66 ± 0.03 mg/L to 1.30 ± 0.07 mg/L) especially at upstream sites (Sites 1 to 4), but there was no clear seasonal variation across the study sites. Nitrite levels were higher during the dry season (0.24 ± 0.02 mg/L to 0.47 ± 0.02 mg/L) than the wet season especially at Site 7 (0.47 ± 0.02) and potassium (0.90 ± 0.04 mg/L to 2.75 ± 0.08 mg/L) showed the same trend at the downstream sites (Site 4 to 7) (Table 4.1). 



Table 4.1: Physico-chemical properties of water in study sites along part of the River Chania.
	Factor
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7

	Temp Wet (oC)
	17.54±0.20d
	17.46±0.18d
	16.60±0.17e
	19.83±0.18bc
	20.33±0.19ab
	19.50±0.18c
	20.43±0.15a

	Temp Dry (oC)
	20.43±0.27b
	23.45±0.42a
	20.15±0.50b
	23.82±0.52a
	23.13±0.18a
	23.24±0.33a
	23.43±0.33a

	TDS Wet (mg/L)
	30.80±0.49b
	10.96±0.39f
	19.30±0.29e
	23.91±0.57d
	27.80±0.58c
	24.86±0.23d
	51.90±0.58a

	TDS Dry (mg/L)
	25.75±0.35c
	17.96±0.48d
	16.37±0.28e
	26.03±0.26c
	36.86±0.52b
	36.41±0.68b
	53.61±1.10a

	Turb Wet (NTU)
	69.03±0.92e
	108.73±1.01d
	67.43±1.35e
	225.25±3.27b
	217.97±1.26c
	222.97±1.24b
	278.48±1.84a

	Turb Dry (NTU)
	44.62±0.88d
	32.10±1.91e
	17.54±0.70f
	55.96±2.15c
	67.42±1.15b
	75.87±1.22a
	76.22±1.16a

	Cond Wet (μS/cm)
	54.60±0.22b
	19.19±0.66g
	34.04±0.45f
	40.85±0.35e
	51.36±0.57c
	45.21±0.40d
	92.54±1.45a

	Cond Dry (μS/cm)
	46.65±0.42e
	39.45±0.29f
	31.81±0.47g
	51.64±3.18d
	62.51±1.86c
	67.22±0.52b
	96.79±1.14a

	pH Wet
	6.83±0.19a
	6.60±0.18a
	5.98±0.20c
	5.88±0.17c
	6.26±0.16bc
	6.32±0.16abc
	6.20±0.14bc

	pH Dry
	7.37±0.15ab
	6.53±0.17c
	7.06±0.06b
	7.43±0.14a
	7.67±0.09a
	7.37±0.03ab
	7.46±0.17a

	Chloride Wet (mg/L)
	4.84±0.13bc
	2.88±0.16e
	4.21±0.03d
	5.05±0.08b
	4.64±0.09c
	4.38±0.03d
	6.04±0.05a

	Chloride Dry (mg/L)
	3.27±0.07d
	2.62±0.04e
	1.91±0.03f
	2.15±0.03f
	4.45±0.14c
	4.83±0.03b
	5.61±0.15a

	Sulphate Wet (mg/L)
	21.97±0.49f
	24.80±0.65e
	37.46±0.83d
	36.68±2.57d
	49.24±0.29b
	45.67±0.23c
	62.48±0.87a

	Sulphate Dry (mg/L)
	26.39±0.93f
	28.85±0.60f
	36.62±0.71e
	72.42±1.29b
	41.02±0.75d
	50.47±0.22c
	82.00±1.15a

	Total Phosphate Wet (mg/L)
	0.08±0.02c
	0.19±0.01c
	0.29±0.02c
	1.57±0.04b
	2.26±0.17a
	1.35±0.02b
	2.43±0.11a

	Total Phosphate Dry (mg/L)
	0.38±0.02c
	0.20±0.01e
	0.08±0.01f
	0.12±0.02f
	0.26±0.01d
	1.34±0.46a
	0.83±0.05b

	Nitrate Wet (mg/L)
	2.60±0.05a
	1.58±0.07c
	2.04±0.05b
	1.37±0.04c
	0.81±0.20de
	0.61±0.24e
	0.91±0.21d

	Nitrate Dry (mg/L)
	0.78±0.04c
	0.66±0.03d
	0.77±0.04c
	0.82±0.02c
	0.82±0.03c
	1.05±0.04b
	1.30±0.07a

	Nitrite Wet (mg/L)
	0.15±0.02d
	0.19±0.01c
	0.23±0.01b
	0.29±0.01a
	0.25±0.01b
	0.23±0.01b
	0.25±0.01b

	Nitrite Dry (mg/L)
	0.31±0.02b
	0.24±0.02c
	0.31±0.02b
	0.30±0.01b
	0.33±0.02b
	0.28±0.01bc
	0.47±0.02a

	Manganese Wet (mg/L)
	0.21±0.02e
	0.30±0.01d
	0.33±0.01d
	0.63±0.02c
	0.90±0.03b
	0.86±0.03b
	1.78±0.07a

	Manganese Dry (mg/L)
	0.11±0.01c
	0.21±0.01ab
	0.15±0.02bc
	0.22±0.02a
	0.15±0.02c
	0.14±0.02c
	0.26±0.02a

	Copper Wet (mg/L)
	0.11±0.01d
	0.16±0.01c
	0.12±0.01d
	0.18±0.01bc
	0.21±0.01ab
	0.22±0.03a
	0.22±0.01a

	Copper Dry (mg/L)
	0.05±0.01c
	0.06±0.01c
	0.04±0.01c
	0.11±0.01b
	0.16±0.02a
	0.10±0.01b
	0.11±0.01b

	Potassium Wet (mg/L)
	1.88±0.11b
	0.48±0.05f
	1.32±0.02e
	1.42±0.06d
	1.69±0.04c
	1.83±0.03b
	2.09±0.03a

	Potassium Dry (mg/L)
	2.13±0.02b
	0.90±0.04e
	1.68±0.03c
	1.66±0.02c
	1.74±0.03c
	2.75±0.08a
	1.40±0.05d


* Bolded values are values that were outside the recommended threshold limits by WHO; means with the same letter (i.e. a, b, c etc.) are not significantly different between sites.

[bookmark: _Toc14281260][bookmark: _Toc14345990][bookmark: _Toc377039690][bookmark: _Toc49598960]4.2 Water Quality Index
[bookmark: _Toc14794688]The mean of the Water Quality Index values showed that the water quality deteriorated (44.67) during the wet season when compared to the dry season (23.75), particularly at downstream sites (Sites 4 to 7) (Table 4.2). During the wet season, water quality was excellent (23.17) at Site 1 and declined to poor (> 50) and very poor (> 76) water quality at the most downstream sites (Sites 5 to 7). During the dry season, water quality varied between excellent water quality (19.67 to 24.69) at Sites 1 to 3, 5 to 6, and good water quality (26.30 to 30.10) at Sites 4 and Site 7 respectively but gave no specific trend with respect to the study sites. Generally, the water quality in the River Chania was classified as good (34.22) (Table 4.2) when considering both seasons at all sites sampled along the river. 
Table 4.2: Water Quality Index (WQI) values for the wet (WQIw) and dry (WQId) seasons, combined seasons (WQIcombined) and water type categories for the different study sites
	Sampling site    
	WQIw
	Water type
	WQId
	Water type
	WQIcombined
	Water type

	Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
Site 7
Entire river
	23.17
26.31
27.20
41.34
54.35
51.15
89.15
44.67
	Excellent
Good
Good
Good
Poor
Poor
Very poor
Good
	19.67
21.64
20.29
26.30
23.57
24.69
30.10
23.75
	Excellent
Excellent
Excellent
Good
Excellent
Excellent
Good
Excellent
	21.41
23.79
23.71
33.94
39.09
37.92
59.68
34.22
	Excellent
Excellent
Excellent
Good
Good
Good
Poor
Good



[bookmark: _Toc14345992][bookmark: _Toc377039692][bookmark: _Toc49598961]4.3 River Chania as influenced by anthropogenic activities
[bookmark: _Toc14281263][bookmark: _Toc14345993][bookmark: _Toc14792321][bookmark: _Toc377039693][bookmark: _Toc49598962]High level of pollution were observed in the downstream of River Chania as evidenced by Plate 4.2-Plate 4.11. The discoloration of the water is as a result of sediment and silt deposition of organic and inorganic materials from the open agricultural farmlands and the river watershed that end up in the river as well as effects of urbanization and industrialization in the study area. The situation has recentlty been aggravated by increased human activities as seen in the photographs below with people washing and conducting other activities in the stream area and the natural forces along the watercourse of River Chania especially during the rainy season (Plates 4.2-4.11).

[bookmark: _Toc14281264][bookmark: _Toc14345994][bookmark: _Toc14792322][bookmark: _Toc377039694][bookmark: _Toc49598963][image: ]
[bookmark: _Toc14281265][bookmark: _Toc14286986]Plate 4.1: Site 1 (Forested area) at Karimenu along River Chania showing dense riparian vegetation on both banks with little human disturbance
[bookmark: _Toc14281266][bookmark: _Toc14345995][bookmark: _Toc14792323][bookmark: _Toc377039695][bookmark: _Toc49598964][image: C:\Users\Rob\Desktop\chania pics\IMG_0014.JPG]
[bookmark: _Toc14281267][bookmark: _Toc14286987]Plate 4.2: Site 2 (upstream of Chania Estate Bridge) along River Chania showing dense riparian vegetation on both banks with minimal anthropogenic activities

[bookmark: _Toc14281268][bookmark: _Toc14345996][bookmark: _Toc14792324][bookmark: _Toc377039696][bookmark: _Toc49598965][image: C:\Users\Rob\Desktop\chania pics\IMG_0049.JPG]
[bookmark: _Toc14281269][bookmark: _Toc14286988]Plate 4.3: Site 3 (downstream of Chania Estate Bridge) along River Chania showing agricultural activities on its banks with scarce riparian vegetation
[bookmark: _Toc14281270][bookmark: _Toc14345997][bookmark: _Toc14792325][bookmark: _Toc377039697][bookmark: _Toc49598966][image: ]
[bookmark: _Toc14281271][bookmark: _Toc14286989]Plate 4.4: Site 5 (downstream of Ngoingwa Estate) along River Chania showing river quality degradation due to anthropogenic activities (bathing and washing clothes-laundry)
[bookmark: _Toc14281272][bookmark: _Toc14345998][bookmark: _Toc14792326][bookmark: _Toc377039698][bookmark: _Toc49598967][image: ]
[bookmark: _Toc14281273][bookmark: _Toc14286990]Plate 4.5: Site 4 (upstream of Ngoingwa Estate) along River Chania showing river quality degradation due to human activities such as washing of clothes, bathing and water abstraction. A path leading to river and riparian vegetation removal is evident
[bookmark: _Toc14281274][bookmark: _Toc14345999][bookmark: _Toc14792327][bookmark: _Toc377039699][bookmark: _Toc49598968][image: ]
[bookmark: _Toc14281275][bookmark: _Toc14286991]Plate 4.6: Site 5 (downstream of Ngoingwa Estate) along River Chania showing development activities taking place on the banks of the river causing pollution
[bookmark: _Toc14281276][bookmark: _Toc14346000][bookmark: _Toc14792328][bookmark: _Toc377039700][bookmark: _Toc49598969][image: C:\Users\Rob\Desktop\chania pics\IMG_0084.JPG]
[bookmark: _Toc14281277][bookmark: _Toc14286992]Plate 4.7: Site 3 (downstream of Chania Estate Bridge) along River Chania showing expansive coffee plantations on banks of the river with an adjacent coffee factory which potentially contribute to pollutants to River Chania
[bookmark: _Toc14281278][bookmark: _Toc14346001][bookmark: _Toc14792329][bookmark: _Toc377039701][bookmark: _Toc49598970][image: ]
[bookmark: _Toc14281279][bookmark: _Toc14286993]Plate 4.8: Site 6 (upstream of Thika town) along River Chania showing high turbidity of river water due to anthropogenic activities such as washing of cars and motorcycles
[bookmark: _Toc14281280][bookmark: _Toc14346002][bookmark: _Toc14792330][bookmark: _Toc377039702][bookmark: _Toc49598971][image: ]
[bookmark: _Toc14281281][bookmark: _Toc14286994]Plate 4.9: Site 6 (upstream of Thika town) along River Chania showing a motorcycle operator washing a motorcycle on the banks of the river water causing pollution in the river
[bookmark: _Toc14281282][bookmark: _Toc14346003][bookmark: _Toc14792331][bookmark: _Toc377039703][bookmark: _Toc49598972][image: C:\Users\Rob\Desktop\chania pics\IMG_0011.JPG]
[bookmark: _Toc14281283][bookmark: _Toc14286995]Plate 4.10: Kenya Tanning Extracts at Site 7 (downstream of Thika town) located on the banks of River Chania which potentially discharges wastes into the river
[bookmark: _Toc14281284][bookmark: _Toc14346004][bookmark: _Toc14792332][bookmark: _Toc377039704][bookmark: _Toc49598973][image: C:\Users\Rob\Desktop\chania pics\IMG_0016.JPG]
[bookmark: _Toc14281285][bookmark: _Toc14286996]Plate 4.11: Site 7 (downstream of Thika town) along River Chania showing high turbidity of river water due to anthropogenic activities including construction and farming on riparian zone


[bookmark: _Toc14346005][bookmark: _Toc377039705][bookmark: _Toc49598974]4.4 Socio-economic characteristics of the respondents
[bookmark: _Toc14346006][bookmark: _Toc14792334][bookmark: _Toc377039706][bookmark: _Toc49598975]The socio-economic characteristics of the respondents are summarized in Table 4.3.
[bookmark: _Toc14346007][bookmark: _Toc377039707][bookmark: _Toc49598976]4.4.1 Gender and education
[bookmark: _Toc14281288][bookmark: _Toc14346008][bookmark: _Toc14792336][bookmark: _Toc377039708][bookmark: _Toc49598977]Two-thirds (65%) of the individuals interviewed were male while the rest were female (35%). Of this, 65% were youth aged between 18-35 years of age, 12% were middle-aged (36-50 years) and the rest were aged over 51 years. All of the sampled respondents had acquired formal education and 53% of the sampled individuals had acquired tertiary education of either college or university level.
[bookmark: _Toc14346009][bookmark: _Toc377039709][bookmark: _Toc49598978]4.4.2 Household income
[bookmark: _Toc14281290][bookmark: _Toc14346010][bookmark: _Toc14792338][bookmark: _Toc377039710][bookmark: _Toc49598979]The majority (57%) of the respondents earned between KSh. 10000 and 20000 per month. It was also observed that a about two thirds (67%) of the respondents had meter connection while a third (33%) were not connected to metered water by local water provider, Kiambu Water and Sewerage Company (KIWASCO). Out of the total number of the respondents, 85% had a family size of 1-5 while the rest had more than 5 family members. Thirty two percent of those interviewed have resided in the study area for between 0-5 years while the rest have stayed in the area for over 6 years. 
[bookmark: _Toc14346011][bookmark: _Toc377039711][bookmark: _Toc49598980]4.4.3 Economic activities
[bookmark: _Toc14281292][bookmark: _Toc14346012][bookmark: _Toc14792340][bookmark: _Toc377039712][bookmark: _Toc49598981]Half of the respondents (50%) perceived farming to be the main economic activity while other respondents identified entrepreneurship and employment in local industries (28% and 22% respectively) as the main economic activity in the area. 
[bookmark: _Toc14346013][bookmark: _Toc377039713][bookmark: _Toc49598982]4.4.4 Source of water
[bookmark: _Toc14281294][bookmark: _Toc14346014][bookmark: _Toc14792342][bookmark: _Toc377039714][bookmark: _Toc49598983]It was noted that 23% of the respondents used raw water directly from River Chania to meet their daily water requirements while 15% used borehole water, 3% bought water from licensed water vendors and 58% were connected to water by KIWASCO (private piped). 




[bookmark: _Toc14792343]
[bookmark: _Toc14794689]Table 4.3: Socio-economic characteristics as assessed by the respondents
	Factor
	Frequency
	Percentage

	Gender
	
	

	Male
	39
	65

	Female
	21
	35

	Age (years)
	
	

	18-35
	39
	65

	36-50
	12
	20

	51-60
	8
	13

	Over 60
	1
	2

	Level of education
	
	

	Primary
	11
	18

	Secondary
	17
	28

	College
	20
	33

	University
	12
	20

	Residence period(years)
	
	

	0-5
	19
	32

	6-10
	12
	20

	11-20
	17
	28

	Over 20
	12
	20

	Household size
	
	

	1-5
	51
	85

	Over 6
	9
	15

	Household income per month (Kenya shillings)
	
	

	1000-10000
	13
	22

	10000-20000
	34
	57

	20000-30000
	8
	13

	Over 30000
	5
	8

	Meter connection
	
	

	No
	20
	33

	Yes
	40
	67

	Major economic activity
	
	

	Farming
	30
	50

	Entrepreneurship
	17
	28

	Employment in local industries
	13
	22

	Main household source of drinking water
	
	

	Private piped
	35
	58

	Public piped
	2
	3

	River Chania
	14
	23

	Borehole
	9
	15

	
	
	





[bookmark: _Toc14346015][bookmark: _Toc377039715][bookmark: _Toc49598984]4.5 Effect of level of education 
The results of the Pearson’s Chi-Squared test show that the level of education had no significant impact on income per month, water usage and determination of causes of water quality degradation in River Chania (Table 4.4). However, Pearson’s Chi-Squared test revealed that there was a significant correlation between the level of education and the ability to identify water quality changes in River Chania in the last 10 years with a reported Chi-Square value of 9.534 and an associated significance of 0.023 (Table 4.4). 
[bookmark: _Toc14794690]Table 4.4: Effect of the level of education on household income per month (KSh), water usage, identification of water quality changes in River Chania in the last decade and the determination of the causes of water quality degradation in River Chania
	Factor
	Pearson Chi-Square
	p-value

	Income per month (Shillings)
	9.873
	0.361

	Water usage
	1.339
	0.969

	Identification of water quality changes in River Chania in the last decade
	9.534
	0.023*

	Determination of causes of water quality degradation in River Chania
	5.806
	0.759



[bookmark: _Toc14346016][bookmark: _Toc377039716][bookmark: _Toc49598985]4.6 Effect of gender
The Pearson’s Chi-Squared test explored whether or not the gender of an individual was significantly related to the household income per month (KSh), water usage, identification of water quality changes in River Chania in the last decade and the determination of the causes of water quality degradation in River Chania. The results showed that there was no significant relationship between gender and household income per month, water usage, identification of water quality changes in River Chania in the last decade and the determination of causes of water quality degradation in River Chania (Table 4.5).


[bookmark: _Toc14794691]Table 4.5: Effect of gender on household income per month (KSh), water usage, identification of water quality changes in River Chania in the last decade and the causes of water quality degradation in River Chania
	Factor
	Pearson Chi-Square
	p-value

	Income per month (Shillings)
	1.898
	0.594

	Water usage
	0.509
	0.775

	Identification of water quality changes in River Chania in the last decade
	0.398
	0.528

	Determination of causes of water quality degradation in River Chania
	1.123
	0.771



[bookmark: _Toc14346017][bookmark: _Toc377039717][bookmark: _Toc49598986]4.7 Effect of age
The Pearson’s Chi-Squared test explored whether or not the age of an individual was significantly related to the household income per month (KSh), water usage, identification of water quality changes in River Chania in the last decade and the determination of the causes of water quality degradation in River Chania. Consequently, the test showed that there was no significant relationship between age and household income per month, water usage, identification of water quality changes in River Chania in the last decade and the determination of causes of water quality degradation in River Chania (P<0.05) (Table 4.6).
[bookmark: _Toc14794692]Table 4.6: Effect of age on household income per month (KSh), water usage, identification of water quality changes in River Chania in the last decade and the determination of the causes of water quality degradation in River Chania
	Factor
	Pearson Chi-Square
	p-value

	Income per month (Shillings)
	14.726
	0.257

	Water usage
	5.290
	0.726

	Identification of water quality changes in River Chania in the last decade
	9.017
	0.061

	Determination of causes of water quality degradation in River Chania
	5.174
	0.522


[bookmark: _Toc14346018][bookmark: _Toc377039718][bookmark: _Toc49598987]4.8 Water quality characteristics
[bookmark: _Toc377039719][bookmark: _Toc49598988]4.8.1 Source and treatment
It was found out that a more than half the sampled respondents (53%) identified that their main source of drinking water had no smell while the rest pointed out that their main source had at least a mild smell. The findings showed that two thirds (67%) of sampled individuals confirmed their main source of water had no taste while the rest perceived a taste in the water. Most respondents (63%) were at least fairly satisfied by the quality of water of their main source while the rest were not with 48% citing poor quality, 48% citing health concerns and the rest dissatisfied due to turbid water. Majority of sampled individuals (47%) identified treating or boiling water before use as their main strategy of dealing with decline in water quality in the main source, 27% buy bottled water, 23% buy treated water from other sources and 2% demand that the water provider provides treated water (Table 4.7). 




[bookmark: _Toc14794693]Table 4.7: Water quality characteristics as assessed by the respondents
	Factor
	Frequency
	Percentage

	Water smell
	
	

	No smell
	32
	53

	Mild smell
	21
	35

	Foul smell
	7
	12

	Taste
	
	

	Tasteless
	40
	67

	Has a taste
	20
	33

	Water quality satisfaction
	
	

	Dissatisfied
	22
	37

	Fairly satisfied
	18
	30

	Satisfied
	20
	33

	Reason for dissatisfaction
	
	

	Poor quality
	19
	48

	Health concerns
	19
	48

	Turbid water
	2
	5

	Degradation solution by households
	
	

	Treating or boiling the water before use
	28
	47

	Buying bottled water
	16
	27

	Buying treated water from other sources
	14
	23

	Demand that the service provider provides treated water
	2
	3

	Potential outcome of water quality decline in River Chania
	
	

	Increase in water borne diseases
	38
	63

	Reduced use of the river for water users
	8
	13

	Change in micro-climate in riparian land
	7
	12

	Change in biodiversity
	7
	12

	Expectation of water quality of River Chania to improve
	
	

	Yes
	39
	65

	No
	21
	35




[bookmark: _Toc14346019][bookmark: _Toc377039721][bookmark: _Toc49598990]4.9 Effect of demographic changes on water quality
An overwhelming majority of the respondents (90%) identified an increase in the number of households in the study area while the rest could not tell (2%) and identified a decrease in the number of households (8%). A significant amount of respondents (73%) reported that an increase in the number of households negatively affects the water quality of River Chania, with 22% observing no changes in water quality and 5% cannot tell any changes. A bulk of the interviewed individuals (57%) pointed out that there was an improvement in water quality in River Chania in the event the household numbers decreased. Thirty percent observed no change in water quality while 13% could not confirm whether or not there were any changes in water quality in River Chania (Table 4.8).
[bookmark: _Toc14794694]Table 4.8: Effect of demographic change on River Chania as assessed by the respondents
	Factor
	Frequency
	Percentage

	Change in household number in the study area
	
	

	Decrease
	5
	8

	Cannot tell
	1
	2

	Increase
	54
	90

	How does increase in the number of households affect water quality in River Chania
	
	

	Reduction of water quality
	44
	73

	No change
	22
	22

	Cannot tell
	5
	5

	How does decrease in the number of households affect water quality in River Chania
	
	

	No change
	18
	30

	Cannot tell
	8
	13

	Improved water quality
	34
	57



[bookmark: _Toc14346020][bookmark: _Toc377039722][bookmark: _Toc49598991]4.10 Multi-nomial analysis
Multinomial logit regression (MNLR) model showed that two socio-economic factors; education level and residence time were significant in explaining identification of water quality changes in River Chania in the last 10 years (Table 4.9). Education level of the respondent was found to be a positive and significant predictor of the ability of an individual to identify water quality changes in River Chania in the last 10 years with an associated significance of 0.014. (Table 4.9). Residence time was found to have a positive effect on identification of water quality changes in River Chania in the last 10 years with an associated significance of 0.074 (Table 4.9). Age, household size, change in household number, gender and household income had no significant correlation with the identification of water quality changes in River Chania in the last 10 years with associated significance of 0.555, 0.218, 0.348, 0.803 and 0.449, respectively.
Table 4.9: Multinomial analysis of socio-economic factors
	 
	B
	Std. Error
	Wald
	Significance
	Exp(B)
	Lower Bound
	Upper Bound

	Intercept
	1.870
	2.437
	0.633
	0.083
	 
	 
	 

	Age
	0.239
	0.426
	0.449
	0.555
	0.763
	0.346
	1.683

	Education Level
	1.046
	0.172
	7.625
	0.014*
	0.312
	0.136
	0.713

	Household size
	0.193
	0.336
	1.256
	0.218
	1.213
	0.866
	1.699

	Residency Period
	0.600
	0.553
	3.528
	0.074
	0.541
	0.285
	1.027

	Monthly Income
	0.393
	0.683
	0.851
	0.449
	1.481
	0.643
	3.412

	Change in Households
	0.406
	0.430
	0.185
	0.348
	1.500
	0.236
	9.534






[bookmark: _Toc14346021][bookmark: _Toc377039723][bookmark: _Toc49598992]4.11 Discussion
[bookmark: _Toc14346022][bookmark: _Toc377039724][bookmark: _Toc49598993]4.11.1 Physico-chemical parameters
[bookmark: _Toc49598994][bookmark: _Toc14281305][bookmark: _Toc14346024][bookmark: _Toc14792355][bookmark: _Toc377039726]The most upstream site (Karimenu) had lower mean water temperatures when compared to the other sites downstream. This agreed with the fact that temperatures reduce with altitude, a concept referred to as lapse rate (Kattel et al., 2013) and matched the nature of vegetation whose cover that was observed to increase with altitude. More vegetation reduces the amount of light, thus lowering the water temperature at the vegetated sites (Garman and Moring, 1991; Steedman et al., 1998; Bowler et al., 2012). The higher mean water temperature recorded during the dry season, particularly at Sites 4, Site 6 and Site 7 was also due to higher mean ambient temperatures (Kalny et al., 2017) and the clearing of riparian plants. Higher temperatures may also result from the release of warm or hot industrial and domestic effluents (e.g., wastewater, cooling water) (Bogan et al., 2003; Verones et al., 2010).  
[bookmark: _Toc49598995][bookmark: _Toc14281306][bookmark: _Toc14346025][bookmark: _Toc14792356][bookmark: _Toc377039727]The high level of total dissolved solids at Site 7 suggests the input of wastes from anthropogenic sources (Anhwange et al., 2012). Additionally, turbidity in natural systems is expected to increase downstream. This is because agricultural activities increase downstream and more tributaries coalesce (Greathouse and Pringle, 2006; Daphne et al., 2011). This site received industrial and domestic effluents from the surrounding area and ashes from a Hindu crematorium at the frequency of twice per month. Such human activities increase the suspended and dissolved matter in lotic systems and modify other chemical factors such as trace metals and nutrients, reducing water quality (Arnold, 2016; Maurya and Sharma, 2016). This is also illustrated by the fact that there were higher total dissolved solid values downstream during the dry season than during the wet season when runoff is expected to transport more suspended and dissolved substances from surrounding areas. These factors also probably were responsible for the higher conductivity values at Sites 4 to 7. 
[bookmark: _Toc49598996][bookmark: _Toc14281307][bookmark: _Toc14346026][bookmark: _Toc14792357][bookmark: _Toc377039728]Turbidity mean values were relatively higher during the wet season than the dry season in all the sites; especially in the downstream sites (Sites 4 to 7). Similar results were observed by Feng et al. (2012), Yang et al. (2014) and Ogamba et al. (2015) that showed that overland flow during the wet season, transport suspended matter (e.g., soil, organic matter) into rivers thus contributing to the decline in water transparency and quality. Riparian zones along river banks (e.g., at Site 1) slow runoff carrying suspended matter from entering rivers and this drops sediments and pollutants into the fringing riparian zone, thereby reducing sedimentation and pollution in the river (Tabacchi et al., 2000; Xiang et al., 2017). Sites 6 and 7 where clearing of riparian vegetation has taken place are also those with a greater number of anthropogenic disturbance (washing clothes, animals trampling, etc.) that together contribute to increased turbidity levels.  
[bookmark: _Toc49598997][bookmark: _Toc14281308][bookmark: _Toc14346027][bookmark: _Toc14792358][bookmark: _Toc377039729]The high mean values for heavy metals such as manganese and copper during the wet season suggest that these chemicals are transported from the surrounding areas by runoff. These chemical substances were also at higher concentrations at downstream areas (Sites 5 to 7), where removal of riparian vegetation compromised chemical water quality (Dosskey et al., 2010; Valera et al., 2019). Njue et al. (2016) and Chua et al. (2019) evaluated the effect of riparian vegetation on river water quality and found that rivers with less riparian vegetation had high concentrations of dissolved organic carbon, total phosphorous, dissolved manganese, potassium, sulphate, sulphur, cadmium, lead, copper and total nitrogen concentrations when compared with less disturbed riparian areas. The authors further suggested that protecting riparian vegetation and restoring degraded riparian zones would assist in improving stream water quality. Conversely, Guo et al. (2015) discovered that riparian grassland had the highest nutrient concentrations showing that maintenance of vegetation (e.g., grassland) near riparian areas intercept and infiltrates runoff, trapping nutrients and reducing river pollution. Lack of a clear seasonal pattern for sulphate, phosphate and nitrate suggests that runoff is not the only important pathway for their presence in rivers, human activities (effluent input), natural sources, or transformation of the nutrients are also important (Rapport, 1999; Baldwin, 2013; Bouwman et al., 2013). 
[bookmark: _Toc49598998]Mean values for physico-chemical variables such as total dissolved solids, conductivity, chloride, sulphate, phosphate, nitrate, nitrite and potassium were lower than the recommended water quality standards by World Health Organization (WHO) but turbidity (>15 NTU), manganese (> 0.1 mg/L) and copper (> 0.1 mg/L) were not. High turbidity may reduce the utility of water by humans due to the high amounts of suspended organic and inorganic matter. Additionally, turbidity may increase water treatment cost due to the increased amount of chemicals required for the coagulation process (Beyene et al., 2016). Turbidity in the current study is particularly important within the water treatment context because some of the highest turbidity values (> 200 NTU) were recorded just upstream of the intake weirs of Kiambu Water and Sewerage Company. Manganese and copper should also be maintained within the recommended threshold limits by WHO; manganese has been reported to affect the central nervous system in children, impair cognitive abilities and adaptive behaviours among other effects (Ljung and Vahter, 2007; Rahman et al., 2017; Dion et al., 2018). 
[bookmark: _Toc14346029][bookmark: _Toc377039731][bookmark: _Toc49598999]4.11.2 Water Quality Index
[bookmark: _Toc49599000]The water quality of the River Chania during the wet season was in the "excellent" to "very poor" range across all sites, mainly due to runoff from agricultural lands and municipal, domestic and industrial wastewaters discharged into the river (Halder and Islam, 2015). This was especially evident at Sites 4 to 7 downstream, where water quality deteriorated from good to very poor. However, the index showed that the river water was "excellent" and "good" during the dry season at all sites. The main reasons for the declined water quality during the wet season were inputs of suspended and dissolved substances in the overland runoff, which impacted the water quality (Uusitalo et al., 2001; Wei et al., 2013).
[bookmark: _Toc49599001]The main contaminant sources of the River Chania were wastewater discharged from Thika town (Site 7); fertilizers, pesticides and other agrochemicals from coffee plantations as well as effluent from coffee processing factory (Site 3); and agricultural activities along its banks (Site 5). In particular, river water quality may be significantly reduced in areas where there is high runoff per unit area, in disturbed watershed areas in which there is reduced capacity for retention of solid particles and by the presence of toxins in the riparian areas and where infiltration of runoff is low (Zhang et al., 2010). Indeed, the presence of a healthy riparian zone and fewer human-related activities contributed to better water quality at the upstream site (Site 1) in both seasons. The WQI method has been used to identify polluted river sites (Cude, 2001; Boyacioglu, 2007; Ramakrishnaiah et al., 2009). Fathi et al. (2018) used the Water Quality Index to assess water quality in Iran and found that water quality deteriorated from good to poor as the pollution increased from upstream to downstream.  
[bookmark: _Toc14346031][bookmark: _Toc377039733] 

[bookmark: _Toc49599002]4.11.3 Effect of socio-economic factors on water quality
[bookmark: _Toc14281313][bookmark: _Toc14346032][bookmark: _Toc14792363][bookmark: _Toc377039734][bookmark: _Toc49599003]The results of the Pearson’s Chi-Squared test in Table 4.4 show that the level of education had no significant impact on income per month, water usage and determination of causes of water quality degradation in River Chania. This could be attributed to perhaps all the respondents having formal education and being involved in almost the same tasks and their monthly incomes being almost at par. Water usage per capita per day could be the same despite the level of education due to the respondents leaving in the morning for their daily engagements and coming back in the evening from their different occupations. This means then the water used by the different individuals will not be significantly different. Despite the level of education, determination of the causes of water quality decline in River Chania was difficult perhaps due to the diffuse sources of pollution into the River and therefore difficult to pinpoint an actual source of pollution in the study area. Likewise, Ellis and Mitchell (2006) assert that diffuse sources of pollution are in nature difficult to define and are associated with overland flow from rainfall that carries away anthropogenic and natural contaminants and pollutants and finally depositing them into water bodies, atmospheric deposition of pollutants and habitat alteration such as riparian vegetation removal and hydrologic modification.
[bookmark: _Toc14281314][bookmark: _Toc14346033][bookmark: _Toc14792364][bookmark: _Toc377039735][bookmark: _Toc49599004]However, the Pearson’s Chi-Squared test revealed that there was a significant correlation between the level of education and the ability to identify water quality changes in River Chania in the last 10 years. This implies that the more educated an individual is, the more likely to be knowledgeable about water quality issues and the easier to comprehend and identify any water quality issues in the past decade in River Chania. The literacy rate was high (Table 4.3) and hence this means that more than half of interviewed individuals were capable of identifying the changes in water quality in River Chania that had taken place in the last 10 years.
[bookmark: _Toc14281315][bookmark: _Toc14346034][bookmark: _Toc14792365][bookmark: _Toc377039736][bookmark: _Toc49599005]The Pearson’s Chi-Squared test in Table 4.5 showed that there was no significant relationship between gender and household income per month, water usage, identification of water quality changes in River Chania in the last decade and the determination of causes of water quality degradation in River Chania. This can be attributed to the fact that both men and women have access to similar opportunities in terms of education and employment and therefore have no big disparities in income per month and therefore water usage, identification of water quality changes in River Chania and determination of the causes of water quality in River Chania are almost similar. Similar results were observed by Gillborn and Mirza (2000) that equality and expansion of education opportunities for both men and women not only stimulates productivity but also extensively grows participation in income generating activities for both genders and also spur environmental awareness.
[bookmark: _Toc14281316][bookmark: _Toc14346035][bookmark: _Toc14792366][bookmark: _Toc377039737][bookmark: _Toc49599006]The Pearson’s Chi-Squared test in Table 4.6 showed that there was no significant relationship between age and household income per month, water usage, identification of water quality changes in River Chania in the last decade and the determination of causes of water quality degradation in River Chania. These results could be occasioned by the fact that all the respondents were above the age of consent and therefore had access to opportunities of education and employment and hence few to no disparities in income per month (KSh), water usage, identification of water quality changes in River Chania in the last decade and the determination of the causes of water quality decline in River Chania. This is supported by Ziervogel et al. (2008) and Ziervogel and Zermoglio (2009), who stressed that those same age groups that have access to almost similar opportunities in life end up with disparities, which are few and far between even in terms of income generation.  
[bookmark: _Toc14281318][bookmark: _Toc14346037][bookmark: _Toc14792367][bookmark: _Toc377039738][bookmark: _Toc49599007]Education level of the respondent was found to be a positive and significant predictor of the ability of an individual to identify water quality changes in River Chania in the last 10 years by the MNLR model. This means that the higher the education level, the higher the likelihood to perceive changes in water quality in River Chania. This concurs with Hite et al. (2002) and Hu et al. (2007) that individuals with a higher education level are more likely to perceive changes in their physical environment including changes in water quality of water bodies. Similar results were observed by (Turgeon et al., 2004) in Quebec City region, Canada where individuals with high levels of education showed a high probability of perceiving changes in their physical environment.
[bookmark: _Toc14281319][bookmark: _Toc14346038][bookmark: _Toc14792368][bookmark: _Toc377039739][bookmark: _Toc49599008]Residence time was found to have a positive effect on identification of water quality changes in River Chania in the last 10 years. This implies that the more the residency time of an individual, the more likelihood the individual will perceive changes in water quality in River Chania and likewise the least the amount time spend in particular location, the least likelihood an individual will identify changes in water quality. This is in line with Tremblay and Dunlap (1978) who observed a positive influence on the residency time of an individual to have the ability to affect the identification of changes in the physical environment. In addition, Hoekstra and Chapagain (2006) stress similar results by stating that residency time of an individual increases his ability to perceive changes and actively engage in conservation and rehabilitation of the physical environment.
[bookmark: _Toc14281321][bookmark: _Toc14346040][bookmark: _Toc14792369][bookmark: _Toc377039740][bookmark: _Toc49599009]From the findings, the majority of the respondents identified farming as the main economic activity of the study area. Farming played a major role in water quality decline in River Chania. (Shortle et al., 2001) asserts that farms discharge significant quantities of agrochemicals, organic matter, drug residues and sediments into water bodies. According to Abhilash et al. (2019) in most developed countries and many developing nations, agricultural pollution has surpassed contamination from industries and human settlements as the prime factor in water quality decline of inland and coastal waters. Globally, nitrate from agricultural practices is currently the most rampant chemical contaminant in surface waters (Beutel et al., 2016). Eutrophication as a result of accumulation of nutrients such as nitrates and phosphates in rivers weighs heavily on biodiversity and high concentrations of nitrates in water can lead to “blue baby syndrome”, a potentially fatal disease in babies (Kawagoshi et al., 2019).
[bookmark: _Toc14281322][bookmark: _Toc14346041][bookmark: _Toc14792370][bookmark: _Toc377039741][bookmark: _Toc49599010]According to the findings, the majority of the respondents were male who were the main participants in farming activities. This could explain the influence of male farmers on the degradation of River Chania. This is in line with Zimmerman et al. (2019) who argues that approximately 70 to 90 percent of formal farmland owners are men in many Latin American countries and similar trends are observed in sub-Saharan Africa including Kenya (Quisumbing et al., 2004). This implies that males have a major role to play in farming activities and hence contribute significant pollutants in River Chania.
[bookmark: _Toc14281323][bookmark: _Toc14346042][bookmark: _Toc14792371][bookmark: _Toc377039742][bookmark: _Toc49599011]The larger part of the respondents were youths who could be the primary users of River Chania. Youths are involved in several activities within and around the river that negatively affects the quality of its water. The youths wash utensils and carry out laundry washing in the stream as well as washing of cars and motorcycles. The washing of cars and motorcycles could result in oil and grease spillage which has adverse effects on the river ecosystem (Chronopoulou et al., 2015). The most immediate effects of these compounds are toxic and mass mortality and contamination of fish and other aquatic species (Bayat et al., 2005)). Long term ecological effects of these compounds include interruption of the food chain in the ecosystems, such that species populations may change or disappear entirely (Osuji and Onojake, 2004). Detergents discharged into the river during washing have severe effects on aquatic life (Kundu et al., 2015). If detergents are in sufficient quantities, they may cause breeding ability of aquatic organisms to decrease, lowering of the surface tension of water thus fish absorb pesticides and phenols more easily and algal blooms that discharge toxins and reduce oxygen levels in waterways due to the phosphate content (Adesuyi et al., 2015).
[bookmark: _Toc14281324][bookmark: _Toc14346043][bookmark: _Toc14792372][bookmark: _Toc377039743][bookmark: _Toc49599012]Despite the greater part of the respondents of the study area being educated, they could still be contributing to declining water quality in River Chania, possibly because they are not environmentalists. This agrees with Sun et al. (2017) who argue that a population that is not aware of and concerned about the total environment and its associated problems and which has limited knowledge, poor attitudes, low motivation, non-commitment and poor skills to work individually and collectively toward solutions of current pollution problems and the prevention of new ones is at risk of exacerbating global warming, climate change, air pollution, water scarcity and water pollution.
[bookmark: _Toc14281325][bookmark: _Toc14346044][bookmark: _Toc14792373][bookmark: _Toc377039744][bookmark: _Toc49599013]The majority of the respondents were poor thus creating foot pathways as they obtained water directly from River Chania. The abstraction of water from River Chania along with other anthropogenic activities such as washing clothes, animals trampling within the stream area cause the removal of riparian vegetation which protect the water bodies from sedimentation and pollution by slowing down runoff and thereby allowing sediments and pollutants to deposit in the fringing zone (Swanson et al., 2017). The degradation or removal of riparian vegetation through activities such as grazing, human settlements, abstraction of water, weed invasion and land clearing for agriculture has led to the degradation of numerous waterways (Connolly et al., 2015).
[bookmark: _Toc14281326][bookmark: _Toc14346045][bookmark: _Toc14792374][bookmark: _Toc377039745][bookmark: _Toc49599014]A big number of the respondents identified that there was an increase in the number of households in the study area. This implies an increase in the population occasioned by immigration, reduced mortality rate and rural to urban migration into the cosmopolitan Thika town. The increase in the number of individuals could be a huge player in the decline of water quality in River Chania. This corroborates Halder and Islam (2015) that population growth and economic advancement are contributing to significant environmental calamities. These include water quality deterioration, land degradation, ecosystem interference, loss of biodiversity and heavy pressure on land (Panayotou, 2016). Migration into cities and towns causes physical disturbance of land due to construction of human settlements, industries, roads etc. ; inadequate sewage treatment, increases in the amount of pesticides, fertilizers and other agro-chemicals to grow food, all which lead to a negative impact on river ecosystems in the long run (Wen et al., 2017).


[bookmark: _Toc14346046][bookmark: _Toc377039746][bookmark: _Toc49599015]CHAPTER FIVE
[bookmark: _Toc14346047][bookmark: _Toc377039747][bookmark: _Toc49599016]CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc14346048][bookmark: _Toc377039748][bookmark: _Toc49599017]5.1 Conclusion
1. [bookmark: _Toc14281330][bookmark: _Toc14346049][bookmark: _Toc14792378][bookmark: _Toc377039749][bookmark: _Toc49599018][bookmark: _Toc14281331][bookmark: _Toc14346050][bookmark: _Toc14281332][bookmark: _Toc14346051]Seasons and sampling sites had significant and dependent effects on water quality variables. Physical water parameters such as TDS and turbidity were observed to be higher in the wet season and in the downstream sites (Site 5, Site 6 and Site 7). Thus the downstream sites especially during the wet season manifested relatively abysmal water quality state. The presence of heavy metals such as copper and manganese were prevalent in the lower downstream sites (Sites 5, Site 6 and Site 7) in both seasons due to waste disposal and increased pollution levels from surrounding areas.
2. [bookmark: _Toc14281333][bookmark: _Toc14346052][bookmark: _Toc14792379][bookmark: _Toc377039750][bookmark: _Toc49599019][bookmark: _Toc14281335][bookmark: _Toc14346054]Water Quality Index (WQI) method is a useful tool in the determination and assessment of water quality in river ecosystems. Water Quality Index (WQI) was observed to be excellent in the dry season especially for upstream sites due to reduced runoff input common in the wet season. The findings of the determination of water quality of River Chania by the use of WQI method were in corroboration with other similar studies carried out in other parts of the world. Continuous degradation through anthropogenic activities has always adversely affected the quality of water in rivers and streams as well as the availability of useable water.
3. [bookmark: _Toc14281336][bookmark: _Toc14346055][bookmark: _Toc14792380][bookmark: _Toc377039751][bookmark: _Toc49599020]Education level was found out to be a positive and significant predictor of the ability of an individual to identify water quality changes in River Chania in the last ten years. Thus the more educated a respondent was, the higher the likelihood to identify the changes in water quality and re-adjust accordingly. Other socio-economic factors (e.g. Age, household size, change in household number, gender and household income) had no significant correlation with the identification of water quality changes in River Chania in the last 10 years
[bookmark: _Toc14346056][bookmark: _Toc377039752][bookmark: _Toc49599021]5.2 Recommendations
1. [bookmark: _Toc14281338][bookmark: _Toc14346057][bookmark: _Toc14792382][bookmark: _Toc377039753][bookmark: _Toc49599022][bookmark: _Toc14281339][bookmark: _Toc14346058]Strategies should be formulated and implemented by water management stakeholders to maintain or better the current water quality status in the upstream of River Chania, while putting more effort to minimize or eradicate raw waste disposal to the river. Local residents should also plant indigenous trees and vegetation especially in the river watershed to re-establish and build-up more riparian vegetation to reduce overland flow and subsequently improve the water quality state and ecological integrity of River Chania. The vegetation cover should be protected, conserved and sustained for the improvement of water quality and biodiversity conservation.
2. [bookmark: _Toc14281341][bookmark: _Toc14346060][bookmark: _Toc14792383][bookmark: _Toc377039754][bookmark: _Toc49599023][bookmark: _Toc14281342][bookmark: _Toc14346061]The use of WQI in water quality monitoring and assessment can be a useful tool in policy formulation and implementation regarding monitoring and managing of the water quality status of River Chania for the benefit of its’ users and biodiversity conservation. Continuous water quality assessment based on WQI method of River Chania should be conducted as often as possible in order to establish a long-term profile of the water quality status, trends and ecological integrity of the river.
3. [bookmark: _Toc14281344][bookmark: _Toc14346063][bookmark: _Toc14792384][bookmark: _Toc377039755][bookmark: _Toc49599024]More emphasis should be put on education and awareness creation of the adverse effects of pollution of river ecosystems by the relevant agencies to halt the current runaway pollution on rivers and streams. Information on water quality decline and the strategies to cope and combat the menace should be mainstreamed and made more available to the local population.
[bookmark: _Toc49599025]5.3 Limitations of the study and future research
[bookmark: _Toc49599026]The study was affected by time constraint. Water quality analysis was not carried out for a long period so as to reveal a long-term trend of physico-chemical parameters of River Chania, Kiambu County. Additionally, there was little to no prior research in the Kenyan context on Water Quality Index (WQI) and this proved challenging to provide evidence to support the study’s conclusions. Moreover, the sample size of the respondents was limited and the opinions of the sampled respondents may not have adequately represented the opinions of the entire population. These limitations, however, do not in any way invalidate the study’s findings and conclusion.
[bookmark: _Toc49599027]For detailed analysis of water quality in River Chania, Kiambu County, monitoring and analysis by the relevant agencies (e.g. WARMA) should be carried out for a longer period of time. The minimum time for such monitoring should be one year in order to have a series of data trends to confirm the study reliability. Standardization of the sampling locations would also help in making the obtained data more comparable with scientific findings. Studies can be carried out in assessing the concentration of heavy metals (copper and manganese) in the human body through analysis of urine or blood paired with health impact assessment to a population in certain locations, which may have been affected by high concentrations of heavy metals in drinking water. The analysis of water parameters should be analyzed using advanced analytical techniques such as Inductively Coupled Plasma-Mass Spectrometer (ICP-MS) (Dubascoux et al., 2010) due to their high detection limits. Also, the elevated mean concentrations of copper and manganese in the current study should be examined further to determine whether the human-related agricultural and industrial activities in the upstream areas of the river could be responsible for their concentrations and potential methods for their reduction.
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	Activity
	Item
	Units
	Unit cost
	Total cost

	Sample collection and surveying
	Glass bottles


	12×1L

	500

	6000


	
	
	120×200ml

	250

	30000


	
	Cooler box

	1

	6000

	6000


	
	Travel expenses

	5

	4000

	20000


	
	Research assistant (RA)
	1 RA
	1000
	5000

	Laboratory analyses
	NTU standards


	200mls (100mls each)

	4500


	9000



	
	Phosphate reagent
	1

	8000

	8000


	
	
Nitrate reagent

	
1

	
8000

	
8000


	
	COD reagent

	1

	2000

	2000


	
	BOD reagent

	1

	4000

	4000


	
	PH meter standards

	1


	2000


	2000



	
	Conductivity 
Standards

	1


	2000


	2000



	
	TDS standards

	1

	2000

	2000


	
	Temperature standards

	1


	2000


	2000



	
	Laboratory charges
	4
	5000
	20000

	Statistical analysis
	Statistical Analysis Software (SAS)

	1



	25000



	25000




	
	Statistical Package for Social Sciences (SPSS)
	
1
	
20000
	
20000

	Documentation
	Printing and binding
	6
	1390
	8340

	Stationery
	Field note books

	2

	100

	200


	
	Ball pens

	2

	25

	50


	
	Pencils


	2

	25


	50



	
	Mark pens

	100
	4
	400

	Total 
	
	
	
	180,040
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My name is Mr. Robert G. Kasyoka pursuing a Master’s degree in Land and Water Management at the University of Embu. I am collecting data on water quality of River Chania for my Master’s Thesis as a basic fulfillment for the award of the Degree. The proposed research work will collect data on socio-economic factors and water quality of River Chania. To enable me achieve the intended purpose, I am kindly requesting you to fill the questionnaire by giving sincere and objective responses to the questions. The researcher promises to use the information provided in confidence and purely for research purposes. 

Section A: Social data
1.  Name: ………………………………………….. (Optional)
1. Gender; Male		[   ]          Female		[   ]
1. Age bracket: Below 18 [   ] 18 – 35 [   ]   36 – 50 [   ] 51 – 60 [   ] Over 60   [   ] 
1. What is the highest education level achieved;
Primary [   ] Secondary [   ] College [  ] University [   ]
1. How many members are there in your household? ………………………………
1. How long have you lived in this location? 0 – 5 [   ] 6 – 10 [   ] 10 – 20 [   ] Over 20   [   ]
1.  In your opinion, has the area experienced an increase or a decrease in the number of households?
1. Increase in population		[   ]
1. Decrease in population	[   ]
1. Cannot tell			[   ]
1.  In your opinion, how does increase in the number of households affect water quality in River Chania?
1. Improved water quality	[   ]
1. Reduction of water quality	[   ]
1. No change 			[   ]
1. Cannot tell			[   ]
1.  In your opinion, how does decrease in the number of households affect water quality in River Chania?
1. Improved water quality	[   ]
1. Reduction of water quality	[   ]
1. No change 			[   ]
1. Cannot tell			[   ]

Section B: Economic data
1. What is the main economic activity of the area?
……………………………………………..
1. What is the average monthly household income? (Optional)
1000 –10000 [   ] 10000 – 20000 [   ] 20000 – 30000 [   ] over 30000 [   ]

1.  Do you have metered water? (If No go to question 17)
1. Yes	[   ]
1. No	[   ]

1. On average what do you pay per month? ………………………

1.  In your opinion, how does metering affect your usage?
1. Reduction in usage	[   ]
1. No change in usage	[   ]
1. Cannot tell
1.  On average, what is the cost of repairing or maintaining your metered water system per year?
………………………………………..
1.  What is the proportion of your income spent on water bills and repairs? ......................................

1. Does payment of water help in the maintenance of water quality in River Chania?
1. Yes 	[   ]	
1. No		[   ]
1.  Which of the following drinking sources of drinking water are available in your area?
1. Borehole		[   ]
1. Public piped water	[   ]
1. Private Piped 		[   ]
1. Roof catchment	[   ]
1. Vendors		[   ]
1. Others (Specify)	[   ]
1. What is your main source of water in your household?
1. Borehole		[   ]
1. Public piped water	[   ]
1. Private Piped		[   ]
1. Roof catchment	[   ]
1. vendors 		[   ]
1. Others (Specify) ………………………………………………
1.  Does the water that you draw from your main source meet your demand?
1. Yes 	[   ]
1. No 	[   ]
1. Do you generate any income from the use of water from your main source?
1. Yes [   ]	
1. No	 [   ]
1. Identify the economic activity

………………………………..

Section C: Water quality
1.  Have you observed any changes in water quality of River Chania in the past 0 to 10 years? (If No go to question 26)
1. Yes	[   ]
1. No	[   ]
1.  If yes, what changes have you observed?
1. Improvement in quality	[   ]
1. Reduction in quality	[   ]
1. No change			[   ]
1. Cannot tell			[   ]
1. What do you suppose are the reasons behind this change identified above?
1. Runoff from agricultural activities
1. Discharge from industries
1. Effluents as a result of urbanization
1. Disposal of domestic wastes
1. Others (Specify) …………………………………………………………….
1. In general, how does the water from your main source smell?
1. Foul smell	[   ]
1. Mild smell	[   ]
1. No  smell 	[   ]
1.  In general, how does the water from your main source taste?
1. Tasteless	[   ]
1. Has a taste	[   ]
1.  In general, are you satisfied with the quality of drinking water from your main source? (If Satisfied go to question 30)
1. Satisfied		[   ]	
1. Fairly satisfied		[   ]
1. Dissatisfied		[   ]
1.  What are the reasons for your dissatisfaction? 
1. Poor quality		[   ]
1. Foul smell		[   ]
1. Turbid water		[   ]
1. Health concerns	[   ]
1. Other (Specify)………………………………………………………
1. In your opinion, how are you dealing with the decline of water quality in River Chania and your main source of drinking water as a result of changes brought about by socio-economic factors? 
1. Buying bottled water							[   ]
1. Buying treated water from other sources				[   ]
1. Treating or boiling the water before use				[   ]
1. Demanding that the service provider provides treated water		[   ]
1. Involving community to treat the water				[   ]
1. Other (Specify)…………………………………………………
1.  What methods and techniques have been put in place by your community to mitigate or combat the degradation of water quality in River Chania?
……………………………………………………………………………………………
……………………………………………………………………………………………
……………………………………………………………………………………………
1. In your opinion, what are the potential outcomes if water quality of River Chania is allowed to degrade further? 
1. Increase in water borne diseases		[   ]
1. Decline in biodiversity			[   ]
1. Reduced use of the river for water users	[   ]
1. Change in micro-climate in riparian area	[   ]
1. Other (Specify)………………………………………………………………………..
1.  Do you expect any positive change of water quality in River Chania in the near future?
1. Yes	[   ]
1. No	[   ]
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Figure 1.1: Conceptual framework
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