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ABSTRACT
Bacteriological analysis of the water samples such as heterotrophic counts, coliform counts, Faecal Coliform/Faecal Streptococci (FC/FS) ratio were carried out following standard procedures. Gram-negative bacteria and Gram-positive Staphylococcal species were identified using ID 32E and Microbact 12S kits respectively. Susceptibility of the isolates to ceftazidime, ceftriaxone, cefuroxime, erythromycin, gentamicin, amoxycillin/clavulinate, cloxacillin, ampicillin, ciprofloxacin, ofloxacin and nitrofurantoin were carried out using the agar diffusion method. Susceptibility of the isolates to Dettol®, Savlon® and Izal®was also determined using agar dilution method. Resistant bacteria were subjected to molecular analysis to further ascertain their status.Physicochemical properties of the river water such as pH, temperature, electrical conductivity, dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total solids (TS), total suspended solids (TSS), hardness, sulphate, chloride, nitrates and alkalinity were analysed using standard methods. Elemental analyses of water samples and bottom soil sediments were carried out using Atomic Absorption Spectrometer (AAS). Analysis of variance (ANOVA) was carried out on the elemental data to determine the level of impact of the wastes on the river water quality. The study revealed generally high levels of heterotrophic and coliform counts throughout the year with sampling point P1 around farmland having the highest counts and P4 on the stream that carried effluents from Sokoto Cement Factory, having the least. FC/FS ratios were generally very high (above 4.0). Of the 434 bacteria isolated, E. coli among the Enterobacteriaceae was highest (11.98%).Pseudomonas aeruginosa(7.37%) constituted the majority of non-EnterobacteriaceaeGram-negative organisms whileStaphylococcus aureus(6.91%) was the highest among the Gram-positive organisms. The antibiotic susceptibility profiles showed that most of the Enterobacteriaceae isolates (˃ 60%) were sensitive to ceftazidime, gentamicin, amoxycillin/clavulinate, the quinolones (ofloxacin,

cloxacillin, ciprofloxacin) and nitrofurantoin. Among the non-fermenting Gram negative isolates, Elizabethkingia meningoseptica were most susceptible to the various test antibiotics, ranging from 68.5% to 100% except with erythromycin, having 50% efficacy. Staphylococcus cohnii, among the Gram-positive isolates were the most susceptible to the various test antibiotics, ranging from 75% to 100% except with cefuroxime, cloxacillin, ciprofloxacin and ampicillin, having 50% efficacy. Multiple antibiotic resistance was shown by 91.30% of Shigella flexneri, 37.50% of Pseudomonas aeruginosaand 50% of Staphylococcus cohnii. The MIC values of the test disinfectants (Dettol®, Savlon® and Izal®) against the isolates showed that the mean MICs of Dettol® and Savlon® were higher for Enterobacteriaceae compare with other Gram-negative organisms with Enterobacter aerogenes having the highest values of 2.50 and 3.00 respectively. The β-lactam (blaTEM), virulence (spvC) and quinolones (qnrS) resistance genes were detected in Pseudomonas aeruginosa while aminoglycosides and quinolone resistance genes (aacC3 and qnrS) were detected in Klebsiella pneumoneae.Physicochemical parameters show varying with changes in the season. Sampling point P1 hadthe highest values for DO, BOD, COD, TDS and TSS in the dry and rainy seasons while P4 had the highest electrical conductivity value in the rainy season. Concentration of nitrate, ammonia and chloride in the water samples increased and decreased for sulphate and phosphate in the rainy season.AAS analyses of water and bottom soil sediment samples showed that 18 elements were detected, of which five namely Fe, Ag, Cd, Hg and Pb had concentrations above WHO limits. One way ANOVA test of the elemental concentrations of water samples and bottom soil sediments showed that concentrations of Zn, Ag, Cd, Cr, Mn, Fe, Co and Pb were more in sediment than in water. Generally, water of River Sokoto failed both bacteriological and physicochemical tests and therefore not fit for domestic, industrial and agricultural purposes.




1.1 [bookmark: _TOC_250022]General Introduction

CHAPTER ONE INTRODUCTION

 (
59
)

Of all natural resources available to man and vital to man‘s existence and survival, none is as abundant as water. Contaminated water jeopardizes both the physical and social health of all people. It is an affront to human dignity‖ (WHO, 2002).
Water is vital to the existence of all living organisms, but this valued resource is increasingly being threatened as human populations grow and demand more water of high quality for domestic purposes and economic activities. Globally, the rate of groundwater abstraction is increasing by 1% to 2% per year (WWAP, 2012).Water abstraction for domestic use, agricultural production, mining, industrial production, power generation, and forestry practices can lead to deterioration in water quality and quantity that impact not only the aquatic ecosystem, but also the availability of safe water for human consumption (UNEP, 2006).
In spite of the essential role played by water in supporting human life, it also has great potential for transmitting a wide variety of diseases and illnesses (Hutton, 1983).Indeed, understanding the impacts of contaminants on the environment, including the organisms which live in it, is rather complicated (Iscan, 2004).
The world's rivers are so badly affected by human activity that the water security of almost 5 billion people and the survival of thousands of aquatic species are reportedlythreatened (Vaugham, 2010). Even the world's great rivers, such as the Yangtze, the Nile and the Ganges, are reportedly suffering serious biodiversity and water security stress (Vaugham, 2010).
It has been suggested that water pollution is the leading cause of deaths and diseases, worldwide (Pink,2006).Disposing of sewage waste is a major problem with billions of people on the planet. According to 2013 figures from the World Health Organization (WHO), some 780 million

people (11 percent of the world's population) have no access to safe drinking water, while 2.5 billion (40 percent of the world's population) have no proper sanitation (hygienic toilet facilities); although there have been great improvements in securing access to clean water, relatively little progress has been made on improving global sanitation in the last decade. Sewage disposal affects people's immediate environments and leads to water-related illnesses such as diarrhea that kills 760,000 children under five each year (WHO, 2013).It has been reported that more than one-third of the global population(some 2.4 billion people) do not use improved sanitation facilities; of these, one billion people still practice open defecation (UNICEF/WHO, 2015).
Rapid increasein industrial development has created more awareness in interrelationship between pollution, environment and public health. Industrial development results in the generation of industrial effluents, and if untreated results in water, sediment and soil pollution. (Fakayode and Onianwa, 2002; Fakayode, 2005). Industrial wastes and emission contain toxic and hazardous substances, most of which are detrimental to human health (Ogunfowokan et al.,2005; Jimena et al.,2008; Rajaram et al.,2008). Heavy metals from industrial processes are of special concern because they pollute water and cause chronic poisoning to aquatic animals (Ellis, 1989).While some heavy metals are purely toxic with no cellular role (Shi et al.,2002),other metals are essential for life at low concentrations but become toxic at high concentrations (Badar et al. 2000).It is recognized that a considerable quantity of industrial, domestic and transportation wastes and by-products end up in waterways. The results had devastating consequencies on environmental and biological systems hence it is important to constantly assess the risk factors on the ecosystem (Iscan, 2004).
Sokoto is a cosmopolitan town supposed to have regular potable water supply. Unfortunately, potable water supply is not only irregular but does not reach a large percentage of the populace.

This irregularity in potable water supply must have prompted the populace to seek for alternative sources of drinking water by resorting to well, sachet and even river water in order to meet their domestic water needs.
1.2 [bookmark: _TOC_250021]Wastewater and water pollution

Industries are the major sources of pollution in all environments. Depending on the type of industry, various levels of pollutants can be discharged into the environment directly or indirectly through public sewer lines. Wastewater from industries includes employees‘ sanitary waste, process wastes from manufacturing, wash waters and relatively uncontaminated water from heating and cooling operations (Glyn and Gary, 1996).
Effluents from waste water treatment plants usually end up in surface water streams. These effluents usually contain small amounts of various contaminants but these harmful components accumulate over time in the river, especially in sediments (Cotmanet al., 2001). High levels of pollutants in river water systems cause increase in biological oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS), total suspended solids (TSS), toxic metals such as Cd, Cr, Ni and Pb (Fakayode, 2005) and fecal coliform and hence make such water unsuitable for drinking, irrigation and aquatic life.
It is estimated that 5-20% of total water is used by industry (UNESCO, 2009). Industrial wastewaters range from high biochemical oxygen demand (BOD) from biodegradable wastes such as those from human sewage, pulp and paper industries, slaughter houses, tanneries and chemical industry. Others include those from metal coating shops and textiles, which may be toxic and require on-site physiochemical pre-treatment before discharge into municipal sewage system (Phiriet al., 2005; UNESCO, 2009; Walakira and Okot-Okumu, 2011; Hussain and Prasad Rao, 2013).

1.2.1 [bookmark: _TOC_250020]People and water pollution

Historically, the availability of water has long been an important factor in citing of human settlement and their development into towns and cities and the development of great civilizations. The Egyptians civilization flourished around the river Nile. In Nigeria, cities like Kaduna, Lagos, Makurdi and Aba depend very much on its rivers for various purposes. However, the rush by developing countries to industrialize has resulted in discharge of partially treated or raw wastes into the surrounding bodies of water since the development of treatment facilities cannot keep pace with the rate at which the wastes are generated by industries (Nwachukwuet al., 1989). Industrial discharges, therefore contribute a larger portion of the flow of rivers during dry season, with the result that the water quality of rivers is further deminished. The bacteria-laden river water in contact with the body during usemay cause serious hazards to users due to bacteria contamination. Many bodies of water  in Nigeria experience seasonal fluctuations, leading to a higher concentration of pollutants during the dry season when effluents are least diluted (Kanuet al., 2006).
Historically, landfills have been the simplest form of eliminating urban solid wastes withminimum cost. They have been the most usual method for discarding solid wastes. However, landfills are considered authentic biochemical reactors that introduce large amounts of contaminants into the environment in the form of gas and leachates (Nolascoet al., 2008).
Overthe years, a considerable population growth has taken place in many African countries leading to large increase in urbanization, industrial and agricultural land use. Large quantityof pollutants of various types were thus discharged into receiving water bodies with resultant adverse effecs on fisheries and other aquatic animals (Saadet al., 1984).
1.3 [bookmark: _TOC_250019]Statement of Research Problem

One of the most critical problems of developing countries is improper management of vast amount of wastes generated by various anthropogenic activities. More challenging is the unsafe disposal of these wastes into the ambient environment. Water bodies especially freshwater reservoirs are the most affected. This has often rendered these natural resources unsuitable for both primary and/or secondary usage (Fakayode, 2005).
Industrial effluent contamination of natural water bodies has emerged as a major challenge in developing and densely populated countries like Nigeria. Estuaries and inland water bodies, which are the major sources of drinking water in Nigeria, are often contaminated by the activities of the adjoining populations and industrial establishments (Sangodoyin, 1995).This is because river waters are the primary means for disposal of waste, especially the effluents, from closely located industries. These effluents pollute the water body by alteration of their physical, chemical and biological properties (Sangodoyin, 1991).
Water bodies are major receptacles of treated, untreated, or partially treated industrial wastes. The resultant effects on public health and the environment are usually great in magnitude (Osibanjoet al., 2011).
Ekhaise and Anyasi (2005) had reported the unacceptable level of contamination of Ikpoba River, Benin city, due to brewery effluent discharge with the attendant hazard to human health. Similarly Ogedengbe and Akinbile (2010) reported the adverse effects ofagro-industrial effluents from the factories in Oluyole Estate on the quality of Ona stream water. The downstream Asa River in Ilorin was polluted and its aquatic biota was bacteriologically contaminated and rendered unsafe for human and animal consumption (Kolawoleet al. 2011).Tytler (2011) also reported that the two drainage streams which passed through locations in which several industries and human habitat are situated had negatively impacted the overall quality of River

Kaduna, bacteriologically, physicochemically and elementally.Rajiet al. (2010) earlier reported themicrobial contamination of River Sokoto by pathogenic organisms.
River Sokoto is situated adjacent to the industrial area of the metropolis where industries such as Cement, Aluminium, Fertilizer, Foam and Tanning factories are located. The survey of the study area indicated that these factories discharge their effluents into the environment, which end up flowing into the river. The bank of River Sokoto habours irrigation plots used for vegetable and other sundries farming within the metropolis. The waters of the river are also commonly used for domestic and recreational purposes. A study of the river water will assist the appraisal and suitability of River Sokoto water for the desired purposes and possibly suggest viable remediation efforts.
1.4 [bookmark: _TOC_250018]Justification for the Study

River Sokoto is a major source of water for domestic, agricultural and industrial uses in Sokoto metropolis.
[image: ]   It is the source water for the water treatment plant that supplies pipe-borne waterto the people in the metropolis.
[image: ]   Residents in the locality use water from the river for domestic purposes.

[image: ]   The river water is also used to irrigate adjoining farmlands where for cultivation of onion, sweet potato, maize, tomatoes and vegetables(some of which are often eaten raw).
[image: ]   The factories in the locality use the river as source water for various purposes(such as washing of equipment and cooling of machinery).
[image: ]   The river is also dredged for sand for the local construction industry.

[image: ]   River Sokoto provides recreational facility (swimming) and fishing takes place throughout the year,

All these could pose serious health and environment hazards to the community if not addressed.The study will benefit residents by creating awareness on the bacteriological, physicochemical and biological elemental qualities of River Sokoto with a view to having good quality water.
1.5 [bookmark: _TOC_250017]Aim and Objectives of study

Aim/Goal:

This study aims to evaluate the impact of industrial and domestic wastes on the bacteriological and physicochemical quality of River Sokoto with a view to creating awareness on the quality of the river water.
Specific objectives:

a. Determination of the general bacteriological quality of the river water using standard methods. This included bacterial level and identification of contaminants.
b. Determination of the antimicrobial profile (susceptibility and resistance profiles) of isolated organisms against some antibiotics and disinfectants by the agar diffusion and broth dilution methods.
c. Determination of physicochemical characteristics such as pH, conductivity, total organic matter, BOD, OD, acidity, alkalinity and hardness of water samples from points on the river and its drainage streams during raining and dry seasons of the year using standard methods.
d. Determination of the elemental composition of the water and bottom soil sediments using Atomic Absorption Spectroscopy (AAS).
1.6 Limitations and constraint

This study is limited to assessing the bacteriological and some chemical quality of the section of River Sokoto around Sokoto Cement Factory where there are human settlements and irrigation farming.
Other Limitations include:

[image: ]   Samples collection will be limited to the period from January to December, 2014.

[image: ]   Effluents from the industries and factories not in operation at the time of the study will not be evaluated.
[image: ]   The direct impact of the chemical and bacteriological pollution on the health of people living along the bank of the river will not be assessed.
[image: ]   The influence of some elements, particularly heavy metals on the antimicrobial susceptibility profiles of the bacterial isolates will not form part of this study.
Constraint

The expected constraint would be the collection of water samples during raining season when the river is full to capacity and this problem will be resolved by employing the services of residents who can paddle canoe.
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CHAPTER TWO LITERATURE REVIEW

Water pollution is the introduction of physical, chemical, or biological agents into water that can degrade water quality and adversely affect the organisms that depend on the water. In other words, it is the physical, chemical, or biological changes in water quality that adversely affect living organisms. The quality of drinking water is an essential factor in determining human well- being. Polluted drinking water has been recognized as the cause for waterborne diseases that have claimed so many lives (Pink, 2006). Water pollution is the leading cause of death and diseases worldwide (Pink, 2006; West, 2006) and accounts for the death of 14,000 people daily (West, 2006). The problem of water pollution is worldwide affecting both developing as well as industrialized countries. In the United States, a National report on assessed waterways, classified 44% of lakes, 37% of rivers, and 32% of estuaries as polluted and unsafe for recreation due to toxic water pollutants (USEPA, 2002).
External pollutants can contaminate water sources in a number of ways, including industrial and municipal chemical or waste discharge, accidental chemical spills, or airborne deposition of particles carried by the wind (Environment Canada, 2009).
The major sources of water pollution are domestic wastes from urban and rural areas, and industrial wastes which are discharged into natural water bodies. The river and lakes near urban centres emit disgusting odours and fish are being killed in millions along the sea coasts. The flesh of some of the fish is unsafe for human consumption because of excessive levels of mercury and pesticides. The origin of these problems could be attributed to many sources and types of pollutions.


2.1.1 [bookmark: _TOC_250015]Classification of Wastewater Pollution

There are three major sources of water pollution; namely: municipal, industrial and agricultural sources.
2.1.1.1 Municipal Source of Wastewater

Municipal wastewater contains sanitary sewage which is flushed from homes, businesses, institutions and industries through sink drains and toilets into city sewer systems. It is sometimes combined with stormwater from rain or melting snow draining off rooftops, lawns, parking lots and roads. The sewer system either takes the wastewater to a municipal wastewater treatment plant or releases it directly into a lake, river or ocean.Domestic wastewater consists of blackwater (excreta, urine and faecal sludge) and greywater (kitchen and bathing wastewater). The mix and composition will depend on the water supply and sanitation facilities available, water use practices and social norms (UN, 2015). Currently, roughly half of the world‘s population has no means of disposing of sanitary wastewater from toilets, and an even greater number lack adequate means of disposing of wastewater from kitchens and baths (Laugesen et al., 2010).Municipal wastewater is one of the largest sources of pollution and it normally receives treatment before being released into the environment. The higher the level of treatment provided by a wastewater treatment plant, the cleaner the effluent and the lower the impact on the environment.Infection can result from direct exposure to untreated wastewater; exposure to wastewater can contaminate drinking-water, food and recreational water (UN, 2015).
2.1.1.2 Industrial source of water pollution

Among the possible classifications of industrial wastewaters, one distinguishes between diffuse industrial pollutants, such as those from mining and agri-industries, and end-of-pipe point discharges and mostly illegal discharges from tankers (UN, 2015). Industry is a huge source of water pollution. It produces pollutants that are extremely harmful to people and the environment.

It is estimated that 70% of industrial discharges in developing countries is dumped untreated (UNESCO, 2009). Many countries even lack a basic register of industrial discharges and are thus unable to quantify the problem aside from describing it as ‗bad‘ or ‗severe‘ or some other relative term. The number of places where industries discharge highly toxic substances using processes that are no longer used in other parts of the world raises great concern (UN, 2015).Among the pollutants from industrial sources are asbestos, lead, mercury, nitrates, phosphates, sulphur, oils and petrochemicals.
2.1.1.3 Agricultural source of pollution

Agricultural water pollution is becoming a major concern not only in developed countries but also in many developing countries. The increasing use of fertilizers and pesticides and the specialization and concentration of crop and livestock production has had an increasing negative impact on water quality. Agriculture has long been recognized as an important source of non- point or diffuse water pollution. Key problems include microbial runoff from livestock or use of excreta as fertilizer. Domestic animals, such as poultry, cattle, sheep and pigs, generate 85% of the world‘s animal faecal waste (Dufour et al., 2012). Chemical runoff from pesticides, herbicides and other agrochemicals can result in contamination of surface and groundwater. In England, nitrate concentrations in water draining from much of the agricultural land are high, especially in arable systems which amply explain the high nitrate concentrations seen in many surface and ground waters (ADAS, 2007). While not solely attributable to agricultural pollution, nitrate is the most common chemical contaminants in the world‘s groundwater and aquifers, and the mean nitrate concentrations have increased in the last decade in watersheds around the world (UNEP, 2010). A comparison of domestic, industrial and agricultural sources of pollution from the coastal zone of Mediterranean Countries found that agriculture was the leading source of

phosphorus compounds and sediment (UNEP, 2010). In Morocco, agricultural practices cause serious nitrate pollution in some areas of the country (Tagma et al., 2009).The main agricultural water pollutants are nitrates, phosphorus and pesticides. Rising nitrate concentrations threaten the quality of water, while high pesticide use contributes substantially to indirect emissions of toxic substances. Increasing level of nitrates and phosphorus in surface waters reduce their ability to support plant and animal life and make them less attractive for recreation.
2.1.1.4 Natural sources of water pollution

Important natural sources of water pollution are surface run-off, seepage from ground water and swamp drainage. In urban areas, rain water is reported to be acidic (Venkateshwarlu and Satyanarayana, 2014). This is due to reaction between water droplets and atmospheric oxides of sulphur and nitrogen. The atmospheric sulphur dioxide (S02) is always accompanied by a little amount of sulphur tri-oxide (S03) which, under humid condition, reacts with water vapour to form sulphuric acid thus causing acid rain.
Leachates from animal excreta, decaying bodies of animals and plants, solid waste landfill sites and the decay of large quantities of organic matter in swamps or deep ponds also introduce appreciable amounts of soluble organics and microorganisms which in turn contaminate the adjacent ground water.
2.1.2 [bookmark: _TOC_250014]Sources of water pollution

Pollution of surface waters is often grouped into two based on their origin. These are:

(a) Point Source Pollution

This type of pollution originates from a known source e.g. industrial effluents, municipal sewage treatment plant, mining and land disposal sites.
(b) Non-point Source Pollution

This type of pollution comes from many different sources that are often difficult to identify e.g. agricultural runoff (pesticide, pathogens and fertilizer) and urban runoff.
Pollutants can be categorized into three main groups namely: biological pollutants, such as bacteria, protozoa or viruses; chemical pollutants, such as heavy metals, nutrients, pesticides and wastes and physical pollutants such as sediment, radioactive material, and heat (Alley, 2007).
2.1.3 Biological Pollutant

Biological pollutant comprises of oxygen depleting substances (sewage) and pathogens. It is considered the greatest threat to human survival on earth. Each year, there are about 250 million cases of water-related diseases, which resulted in roughly 5 to 10 million deaths (Ahuja, 2009). Water containing microorganisms such as bacteria, viruses and protozoa as a result of improper treatment of effluents can cause humans and animals to become ill with gastrointestinal disorders.
Faecal coliforms and pathogenic microorganisms enter surface waters from many sources. Raw or inadequately treated sewage discharged into surface waters; excrement from wildlife; runoff from farm-animal feedlots and farmlands that have been fertilized with manure; and overflow of, and leaks from septic tanks can introduce pathogenic bacteria into surface and ground waters (Doran and Linn, 1979). The presence of micropollutants also endangers the reuse of treated wastewater, a generally proposed solution to achieve a sustainable water cycle management (Muñoz et al., 2009).Humans become infected by drinking water or consuming food, including raw shellfish, contaminated with pathogens, or through recreational contact with water in form of bathing, boating, swimming, fishing (Rose et al., 2001), or washing of clothes.
The use of water bodies as sinks for industrial and mining waste is a major water quality problem all over the world (Longe and Omole, 2008), and it is fatalistic to believe that water bodies have

an unlimited capacity for waste assimilation. The natural purification of polluted rivers is never fast and heavily polluted water may traverse long distances in days before a significant degree of purification is achieved (Chima et al., 2010). The main contamination problems worldwide were faecal and organic pollution from untreated human waste and industrial by-products. Since the largest number of faecal coliform and faecal streptococci is always present in manure (Walley and Hawkes, 2003) then the presence of either of these microbe in a surface water sample is strong evidence of faecal contamination. The most serious water pollutions in terms of human health worldwide are pathogenic organisms such as Pseudomonas and Salmonella. The most important water-related diseases include typhoid fever, cholera, bacterial and amoebic dysentery, hepatitis, malaria, yellow fever, filariosis and schistosomiasis (Ezekwe et al., 2013).
2.1.3.1 [bookmark: _TOC_250013]Monitoring Biological Pollutants

(a) Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD)

Many microorganisms grow in the presence of organic and inorganic waste products which act as their food base. Hence, they decompose and utilize the substrates. However, when organic matters in a water body become excessive, it could lead to excessive bacterial production and consumption of dissolved oxygen that could impact the ecosystem. BOD and COD are among the parameters commonly used to measure organic pollution of a water body.
(i) Biochemical Oxygen Demand (BOD)

BOD is a measure of the amount of oxygen required by bacteria during aerobic decomposition of organic compounds in sewage. It is also represented by the amount of organic matter present in water or effluents. For more organic matter, more oxygen is required by bacteria for its decomposition. This results in release of organic nutrients in water bodies such as lakes, rivers, ponds, etc. resulting in death of fish.

The test involves filling of an air tight bottle with the water sample to the point of overflowing (Domini et al., 2007). Dissolved oxygen is measured initially after dilution and after incubation at 20°C for the period of the test. It is recommended that the water should have a population of microorganisms that is capable of degrading the organic material in the water sample. Many un- chlorinated domestic or industrial wastewaters have sufficient bacteria for this purpose. This population  is  called  ―the  seed.‖  In  carrying  out  the  test,  dilutions  of  the  water  samples  are prepared such that the least dilution results in at least 50% dissolved oxygen depletion. The seed is also added to the actual samples and diluted so that ideally, the residual dissolved oxygen is at least 1 mg/l and the uptake at least 2 mg/l after 5 days. Since the greatest proportion of the oxygen content is depleted in 5 days, the BOD test run period is now set for 5 days, which is now denoted as BOD5.
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BOD5 = the Biochemical Oxygen Demand after 5 days in mg/l

D1 = Dissolved oxygen (D.O.) of diluted sample immediately after preparation, mg/l

D2 = D.O. of diluted sample after 5 days of incubation at 20°C, mg/l

P = Decimal volumetric fraction of sample used

B1 = D.O. of seed control before incubation, mg/l

B2 = D.O. of seed control after 5 days of incubation at 20°C, mg/l

f = ratio of seed in diluted sample to seed in seed control

(ii) Chemical Oxygen Demand (COD)

COD refers to the oxygen consumed by the oxidisable organic substances. The values of COD cannot be compared directly with that of BOD. The chemical oxidants such as potassium dichromate (K2Cr2O7) or potassium permanganate (KMnO4) are used to measure the level of oxidizable organic matter of water where the oxidants oxidise the constituents (or the hydrogen but not nitrogen). Then potassium iodide (KI) is added. The excess amount of oxygen reacts with KI and liberates iodine. The excess amount of oxygen liberates equal amount of iodine. By using starch indicator, iodine is titrated with sodium thiosulfate and amount is estimated (Dubey and Maheshwari, 2002). The COD (mg/l) is calculated as follows:

COD (mg/l)	= 8 C (VB - VA)	equation
VS

Where,

C= Concentration of titrant (mM/l)

VA= Volume (ml) of titrant used for control

VB= Volume (ml) of titrant used for water samples

VS= Volume (ml) of water sample taken.

(iii) Total Organic Carbon and Total Carbon

Determinations of organic carbon is of considerable value in assessing organic pollution for the investigation of polluted estuaries, tidal waters and marine (sea) water and effluents where other methods of estimating oxygen demand tend to be unreliable on account of the presence of high salt concentrations. For river water, wastewaters and effluents, however, determinations of DO, BOD and COD are sufficient and of importance (Ademoroti, 1996).
The TOC test does not provide as much information as BOD and COD tests provide. While the BOD test indicates the actual oxygen needed for biologically destroying the organics, and the

COD test, the chemical oxidation requirements for destruction, the TOC test indicates the total organic matter present and is independent of the oxidation state of the pollutant.
This test converts and removes inorganic carbon (CO + CO2) and measures total organic carbon by converting it into CO2 in a heated reaction chamber. The CO2 is measured using infrared methods (Alley, 2007).
An alternative determinant test to the TOC is the Total Carbon (TC) which eliminates the removal of inorganic carbon from the procedure. The problem with using a TC test as a biological treatment parameter is the presence of CO2 in the results.
b. Microbial Parameters

The detection and enumeration of disease-causing organisms in surface waters is difficult, time consuming, and expensive; and for many of the pathogens, methods for their routine monitoring and isolation are nonexistent (Leonard, 2001). To predict their presence, relatively harmless organisms are required as indicators. Such indicators are required to possess the under-listed characteristics (WHO, 1996; Havelaar, 2001; Stevens et al., 2003);
· Occur naturally and exclusively in the gastrointestinal tract and faeces of humans and other warm-blooded animals.
· Enter the water along with faecal materials and should be found in the presence of enteric pathogens.
· Survive longer than the enteric pathogens with which they occur

· Removable by water treatment to the same extent as pathogenic organisms, and

· Easier to isolate and identify than the enteric pathogens.

Some types of bacteria found in the gastrointestinal tracts of humans and other warm-blooded animals have traditionally been used as indicators of the occurrence of some pathogenic organisms.
i. The coliform group

The coliform group is made up of bacteria with defined biochemical and growth characteristics that are used to identify bacteria that are more or less related to faecal contaminants. The total coliforms represent the whole group, which multiply at optimum temperature of 37ºC, while the thermotolerant coliforms are those that can grow at a higher temperature (44.2ºC), of which Escherichia coli is an example that is specifically of faecal origin.
A finding of any coliform bacteria, whether thermotolerant or not, in water leaving the treatment works requires immediate investigation and corrective action, as this is an indication of contamination (Payment et al., 2003).
a. Total coliforms

Coliform organisms, are not essentially (strictly) an index of faecal pollution or of health risk, but can provide basic information on source water quality. Total coliforms have long been utilized as a microbial measure of drinking water quality, largely because they are easy to detect and enumerate in water (Payment et al., 2003).
They have traditionally been defined as Gram-negative, non-spore-forming rod-shaped bacteria capable of growth in the presence of bile salts or other surface-active agents with similar growth- inhibiting properties, oxidase-negative, fermenting lactose at 35-37ºC with the production of acid, gas, and aldehyde within 24-48 hours. They have also been defined based on the recognition that in order to ferment lactose, organisms must possess β-galactosidase activity.

Using this approach, total coliforms are defined as members of a genus or species within the family Enterobacteriaceaecapable of growth at 37ºC and possessing β-galactosidase.
Traditionally, total coliforms were regarded as belonging to the Genera Escherichia, Citrobacter, Enterobacter, and Klebsiella. The group includes many lactose-fermenting bacteria, such as Enterobacter cloacae and Citrobacterfreundii, which can be found in both faeces and the environment (nutrient-rich waters, soil, decaying plant material) as well as in drinking water containing relatively high concentrations of nutrients. It also includes members of genera such as Budvicia and Rahnella, which are never found in mammalian faeces.
The presence of coliforms in un-piped or untreated water is tolerated because coliforms of non- feacal origin exist in natural water which is often difficult to differentiate. Coliforms are detectable by simple, inexpensive cultural methods that require basic routine bacteriology laboratory facilities, but well-trained and competent laboratory workers. They pose very little risk to the health of laboratory workers given good standards of laboratory hygiene (Payment et al., 2003).
b. Thermotolerant ('faecal') coliforms

The term 'faecal coliforms', although frequently employed, is not correct: the correct terminology for these organisms is 'thermotolerant coliforms' (Payment et al., 2003). Thermotolerant coliforms are defined as the group of total coliforms that are able to ferment lactose at 44-45°C. They comprise the genus Escherichia and, to a lesser extent, species of Klebsiella, Enterobacter, and Citrobacter. Of these organisms, only E. coli is considered to be specifically of faecal origin, being always present in the faeces of humans, other mammals, and birds in large numbers and rarely, if ever, found in water or soil in temperate climates that has not been subject to faecal pollution (although there is the possibility of re-growth in hot environments) (Fujioka, 2001)

Thermotolerant coliforms are a less reliable index of faecal contamination than E. coli although under most circumstances and especially in temperate areas, in surface water, their concentrations are directly related to E. coli concentrations. Their use for water-quality examination is therefore considered acceptable when no other method is available. However, when methods for the simultaneous detection of thermotolerant coliforms and of E. coli are available, the E. coli detection method is preferred.
Due to high thermophilic background growth on the culture media and the potential multiplication of thermotolerant coliforms (and even E. coli) in the environment (Rivera et al., 1988; Byappanahalli and Fujioka, 1998), the use of some microbial parameters to assess tropical source of water quality is problematic. Clostridium perfringens spores appear to be the most appropriate parameter for assessing faecal contamination in tropical climates (Fujioka, 2001). Thermotolerant coliforms are easily detectable and a variety of Internationally Standardised Methods and Media for their detection are available (ISO, 1990a; ISO, 1990b). These methods require basic routine bacteriology laboratory facilities and well-trained and competent laboratory workers.
ii. Escherichia coli

Escherichia coli is a taxonomically well-defined member of the family Enterobacteriaceae, and is characterised by possession of the enzymes β-galactosidase and β-glucuronidase. It grows at 44-45ºC on complex media, ferments lactose and mannitol with the production of acid and gas, and produces indole from tryptophan. However, some strains can grow at 37ºC but not at 44- 45ºC, and some do not produce gas. E. coli does not produce oxidase or hydrolyse urea. Complete identification of the organism is too complicated for routine use, but a number of tests

have been developed for rapid and reliable identification with an acceptable degree of accuracy (Payment et al., 2003).
E. coli is abundant in human and animal faeces, and in fresh faeces, it may attain concentrations of 109cfu per gram. It is found in sewage, treated effluents, and all natural waters and soils subject to recent faecal contamination, whether from humans, wild animals, or agricultural activity (Payment et al., 2003).
E. coli is widely preferred as an index of faecal contamination. It is also widely used as an indicator of treatment effectiveness although, as with the other coliform indicators, it is more sensitive to disinfection than many pathogens (in particular viruses and protozoa). The detection of E. coli in water leaving a treatment works is of the same significance as any other coliform organism, but its absence does not necessarily indicate that pathogens have been eliminated(Payment et al., 2003).
Since E. coli is indicative of recent faecal contamination, consideration should be given to whether steps need to be taken to protect consumers once there is a positive finding. In the event of more than one related sample containing E. coli, or the recognition of other significant features such as treatment aberrations, the issue of advice to boil water intended for drinking may be considered appropriate. However, in many instances it may be acceptable to restrict the response to the taking of additional samples and sanitary inspection in order to assist interpretation of the initial results. If the water is a treated piped supply, a positive sample suggests that a failure or ingress has occurred, such as a breakdown in disinfection, treatment before disinfection has failed, or contaminated water has entered the system. Immediate action must, therefore, be taken to discover the source of contamination and to take appropriate steps

(which will depend on the level of contamination) to protect consumers until the problem is resolved (Payment et al., 2003).
iii. Enterococci and Faecal Streptococci

These are chain-forming Gram-positive cocci that used to be placed in the genus Streptococcus. Faecal streptococci are those streptococci generally present in the faeces of humans and animals. They all possess the Lancefield group D antigen. A sub-group of the faecal streptococci, which is relatively tolerant of sodium chloride and alkaline pH, have been grouped under the genus Enterococcus. Most of the Enterococcus species are of faecal origin and can generally be regarded as specific indices of human faecal pollution for most practical purposes (Payment et al., 2003).
Faecal streptococci are more resistant to stress and chlorination than E. coli and the other coliform bacteria (Gleeson and Gray, 1997). Although both faecal streptococci and enterococci remain in use as monitoring parameters in drinking water, enterococci appear likely to supplant faecal streptococci as the parameter of choice as they are clearly of faecal origin from warm blooded animals. Enterococci, as an index of faecal pollution, can also be used to complement E. coli in catchment assessment, in tropical climates (where E. coli is less appropriate because of the suspicion of multiplication) and in ground water source evaluation. Enterococci can also serve as an additional indicator of treatment efficiency. They are highly resistant to drying and thus may be valuable for routine control after new mains are laid or distribution systems are repaired, or for detecting pollution of groundwater or surface waters by surface run-off. In the UK, they have been used to assess the significance of doubtful results from other organisms (Gleeson and Gray, 1997).

iv. Bacteriophages

Bacteriophages (also known simply as phages) are viruses that only infect bacteria. Some bacteriophages are comparable in size and behaviour to human enteric viruses and they are relatively easy to detect and enumerate. Various groups and types of bacteriophage, particularly those of coliform bacteria (coliphages) and those of Bacteroides spp., have been proposed as indices of faecal pollution (and possible enteric virus presence) and as indicators of treatment efficiency for both water and wastewater-treatment processes(Sobseyet al., 1995; Grabow, 2001).The frequency of occurrence of coliphages in human and animal faeces varies, and sometimes they are detected in faeces at only low frequencies. In this respect, coliphages differ from bacterial indices of faecal contamination.
Bacteroidesspp outnumber the coliform group in human faeces (Gleeson and Gray, 1997), with Bacteroidesfragilisbeing the most commonly found specie. They are strict anaerobes and have not been shown to multiply in the environment. Bacteriophages of Bacteroides have been proposed as an index of faecal pollution as they are considered to be more resistant to natural inactivation and water treatment processes than bacterial indicators and have a decay rate similar to that of human enteric viruses. The draw-backs, however, are their low densities in raw waters (requiring concentration from large volumes) and the unreliable methods of detecting them in water. However, they have been found to be unreliable indicators of the presence of enteric viruses in water, because some coliphages can multiply in the aquatic environment (Seeley and Primrose, 1982; Borrego et al., 1990). Moreover, enteric viruses have been found in water where coliphages were not found (Morinigoet al., 1992).Coliphages are detectable by simple, inexpensive and rapid methods that can be applied in a basic routine bacteriology laboratory. Bacteroidesbacteriophages, however, require facilities for anaerobic culture and require a greater

degree of expertise and laboratory resources. Some Internationally Standardised Methods exist (ISO, 1986a; ISO, 1986b; ISO, 1990a; ISO, 1990b). They are generally not considered to be a health risk for laboratory workers, although some of the host bacterial strains may be opportunistic pathogens (Payment et al., 2003).
A technique has been developed to use bacteria of the Bacteroides–Prevotella group as indicators of faecal pollution of water and marker organisms for tracking the sources of pollution (Bernhard and Field, 2000a; Bernhard and Field, 2000b). This method involves amplification of target DNA by PCR with primers specific for Bacteroides–Prevotella group, followed by terminal restriction fragment length polymorphism (t-RFLP) and length heterogeneity PCR fingerprinting of the community. The fingerprints obtained clearly differentiate between human- and cattle derived assemblages of those organisms, and between water samples contaminated with human and animal faeces, allowing in-situ source identification. On the other hand, this technique does not allow one to assess the degree of contamination as it only produces, like most PCR-based techniques, a signal indicating microbial community composition and not microbial abundance.
v. Enteric viruses

Discharges of sewage and human excreta constitute the main source of human enteric viruses in the aquatic environment and enteric viruses are always associated with human or animal faecal pollution. However, failure to detect them does not indicate the absence of faecal pollution because their occurrence in faeces is highly variable. They can survive for long periods in the environment and are quite resistant to treatment (WHO, 1996, 1997).
Their enumeration can be expensive and results can take several weeks to obtain if molecular methods are not used. Furthermore, many cannot be grown under laboratory conditions. Their detection requires a very well-equipped laboratory and highly trained personnel. In addition,

most enteric viruses are pathogenic (to human and animals), albeit at different levels of severity, and virus culture must only be carried out by suitably qualified staff in specialized laboratories with the proper bio-safety equipment and procedures (WHO, 1996, 1997).
vi. Sulphite-reducing Clostridia and Clostridium perfringens

Sulphite-reducing clostridia are obligate anaerobic, spore-forming organisms, of which the most characteristic, Clostridium perfringens, is normally present in faeces (although in much smaller numbers than E. coli). Except for Clostridium perfringens, Sulphite reducing clostridia are not exclusively of faecal origin and can be derived from other environmental sources. The spores can survive in water for very long periods and are quite resistant to disinfection. As C. Perfringensis faecally specific, unlike the other sulphite-reducing clostridia, it is the preferred parameter for water quality assessment. Clostridia are not, however, recommended for the routine monitoring of distribution systems because of their length of survival they may be detected long after (and far from) the pollution event, leading to possible false alarms.
The presence of C. perfringens in groundwaters in the absence of E.coliand enterococci points to pollution at some time in the past and suggests the source may be liable to intermittent contamination. Being relatively resistant to disinfection, C. perfringens spores must be removed by some form of filtration as terminal disinfection is unlikely to inactivate them. Their presence in finished waters, therefore, suggests deficiencies in treatment filtration processes. It has been proposed that the detection of C. perfringens spores in finished water may indicate the potential for protozoan cysts to have passed through the treatment process (WHO, 1996, 1997).
International Standardised Methods are available (ISO 1986a; 1986b) and methods for detection of clostridia are relatively easy to perform, even though a simple pasteurisation step is required for the enumeration of spores and strict anaerobic conditions are needed for Clostridium

perfringens. Clostridia detection only requires a basic routine bacteriology laboratory. They are not normally a health risk for laboratory workers but they can be pathogenic and if carelessly handled can give rise to food poisoning and wound infections (WHO, 1996, 1997).
vii. Pseudomonas aeruginosa and Aeromonas spp.

Aeromonasand Pseudomonas spp. are Gram-negative, rod-shaped, oxidase positive, non-spore- forming bacteria that are environmentally widespread, with some being opportunistic pathogens. Ps. aeruginosa is commonly found in faeces, soil, water, and sewage but cannot be used as an index of faecal contamination, since it is not invariably present in faeces and sewage, and may also multiply in the enriched aquatic environment and on the surface of organic materials in contact with water. However, its presence may be one of the factors taken into account in assessing the general cleanliness of water distribution systems. Its presence may lead to deterioration in bacteriological quality, and is often associated with a rise in water temperature or low rates of flow in the distribution system, and consequent complaints about taste, odour, and turbidity (WHO, 2001).
Aeromonas shows no particular association with faecal pollution. Most drinking water treatment processes reduce the numbers of Aeromonas below detectable levels, but treated distributed water can contain larger numbers as a result of re-growth in mains and storage reservoirs. Re- growth of Aeromonas depends on the organic content of the water, temperature, the residence time in the distribution network and the presence of residual chlorine (WHO, 2001).
Neither Pseudomonas nor Aeromonas are indices of faecal pollution, but they may be useful in assessing re-growth in distribution systems. They are both detectable by simple and inexpensive cultural methods that can be applied in a basic routine bacteriology laboratory. They may, however, pose a health risk for laboratory workers as some strains of these bacteria are

pathogenic. Ps. aeruginosa is an opportunistic pathogen that mainly gives rise to superficial infections following contact with heavily contaminated water (but does not cause enteric infections by ingestion). Strains of Aeromonas have been implicated in enteric infection but there is no strong evidence that the strains found in water distribution systems are of these types and lead to enteric infection (WHO, 2001). Aeromonas strains may also cause wound infections.
viii. Protozoan parasites

Cryptosporidium oocysts and Giardia cysts are associated with human and animal faecal sources including amphibians, birds, and mammals, although the species capable of infecting man are restricted to warm-blooded hosts. However, the failure to detect cysts or oocysts does not constitute an indication of the absence of faecal pollution, as their numbers in faeces are highly variable. They can survive for very long periods in the environment and are quite resistant to treatment. They are sometimes found in treated water, usually in low numbers, and when found in filtered supplies suggest deficient coagulation-filtration processes. Viability is difficult to assess but even if non-viable their presence is an indicator of deficient physical treatment and the potential for viable (oo)cysts to be present at some time. Continuous sampling has some value in detecting short-term perturbations in treatment. As with enteric viruses, many species are pathogenic and their isolation and enumeration is expensive and requires a very well equipped laboratory with the proper bio-safety equipment and procedures, and highly trained personnel (Payment et al., 2003).
ix. Other Microorganisms

Other microorganisms such asbifidobacteria, candida/yeasts and acid-fast bacteria, have been considered in the past as potential parameters of drinking water quality. None of these has been

widely accepted and they are not recommended as parameters for routine drinking water evaluation (WHO, 2001).
x. Limitations of use of Fecal Coliforms as Indicators of Pathogenic Organisms

· Fecal coliforms are poor indicators of the presence of pathogenic viruses and some protozoan such as Cryptosporidium and Giardia in surface waters.
Studies indicate that fecal coliforms are not reliable predictors of the presence or absence of pathogenic viruses in marine waters and shellfish (Gerbaet al., 1979; LaBelle et al., 1980; Goyalet al., 1984; Burkhardtet al., 2000). Although Mackowiaket al., (1976) reported outbreaks of hepatitis A following the consumption of oysters harvested from waters approved for shellfish harvesting based on fecal coliform bacteria levels, the relationship between the presence of enteroviruses and fecal coliform bacteria has not been very strong (Lipp et al., 2001).
Consumption of oysters harvested from waters approved for shellfish harvesting based on fecal coliform bacteria levels has been associated with outbreaks of hepatitis A (Mackowiaket al., 1976). The poor association observed between fecal coliforms and enteric viruses and protozoa in the marine environment has been suggested to be due to the differences in their survival rates in water. In seawater, some viruses survive longer than indicator bacteria. In fact, in marine sediments where viruses can accumulate (LaBelle et al., 1980), viruses can survive for several months (Goyalet al., 1984). Lippet al., (2001) found that none of the indicator bacteria (faecal coliforms, enterococci, Cl. perfringens) was significantly associated with Giardia or Cryptosporidium in a subtropical estuary in Florida. In an estuarine system in Australia, Ferguson et al. (1996) noted that Cl. perfringens was better than fecal coliforms or fecal streptococci as indicator of fecal pollution, and it was the only indicator organism that showed significant correlation with the presence of Giardia.
· Faecal coliforms are not good indicators of the presence of pathogenic bacteria (e.g., Vibrio cholerae, V. vulnificus, and V. parahaemolyticus) that are naturally occurring in surface waters.

The occurrence, distribution, and abundance of Vibrio spp. are more related to physicochemical factors, such as temperature and salinity, and the abundance of some zooplanktonic organisms with which they are associated in surface waters (Colwell and Huq, 2001) than to fecal coliforms. Moreover, under some environmental conditions (e.g., low temperatures of 15oC),Vibrio cholerae, V. vulnificus, and V. parahaemolyticus are known to occur as viable, nonculturable forms (Oliver, 1995; Oliver et al., 1995).
· False positive results of fecal coliform bacteria analysis have been obtained that may be caused by a variety of different organisms including Klebsiella and coliforms from sources other than humans and animals.
The reliability of using fecal coliform as an indicator of fecal contamination in tropical waters has been questioned as these bacteria can grow and multiply in the environment (Chao et al., 2003).
· The number of faecal coliforms in water alone cannot be used reliably to determine the source (human or nonhuman) of indicator bacteria.
Faecal coliform/fecal streptococci (FC/FS) ratios were used for many years in an attempt to differentiate non-human and human sources of faecal coliforms. FC/FS ratios above 4.0 were used to indicate human sources, while ratios below 0.7 indicated animal sources, and ratios between 0.7 and 4 indicated a mixture of human and animal sources (Geldreich and Kenner 1969; Geldreich, 1976; Manafi, 1998).
These ratios are currently considered unreliable because some faecal coliforms multiply in effluents and in the environment especially in tropical environments. Moreover, faecal streptococci survive longer in the environment than faecal coliforms (Manafi, 1998).
Determining the source of faecal coliform bacteria is important for two reasons.

· First, it can be used to plan, reduce, or eliminate the source of pollution.

· Second, knowing the source of the fecal coliforms will enable the assessment of the extent of risks of acquiring pathogenic diseases since enteric bacteria from human sources pose a different risk than those from farm animals and wildlife (Tytler, 2011).

2.1.4 [bookmark: _TOC_250012]Chemical Pollutants

2.1.4.1 [bookmark: _TOC_250011]Chemical Elements Found in Water and their Effects
(i) Aluminium
Aluminium has appeared to be associated with the brain lesions characteristic of Alzheimer disease, and in several ecological epidemiological studies the incidence of Alzheimer disease has been associated with aluminium in drinking-water (Shovlin et al., 1993). There is a need for further studies. However, a concentration of aluminium of 0.2 mg/litrein drinking-water provides a compromise between the practical use of aluminium salts in water treatment and discoloration of distributed water. Aluminium is present in all waters to some degree. It only represents a health hazard if there is a mishap in the water treatment process.
(ii) Ammonia (NH3, NH4+)
Ammonia (NH3) gas, usually expressed as Nitrogen, is extremely soluble in water. It is the natural product of decay of organic nitrogen compounds. Ammonia finds its way to surface supplies from the runoff in agricultural areas where it is applied as fertilizer. It can also find its way to underground aquifers from animal feed lots. Ammonia is oxidized to nitrate by bacterial action. A concentration of 0.1 to 1.0 ppm is typically found in most surface water supplies, and is expressed as N. Ammonia is not usually found in well water supplies because the bacteria in the soil converts it to nitrates. The concentration of ammonia is not restricted in drinking water standards (WHO, 2003).
(iii) Antimony

Reported concentrations of antimony in drinking-water are usually less than 4 μg/litre. Estimated dietary intake for adults is about 0.02 mg/day. Where antimony-tin solder is replacing lead solder, exposure to antimony may increase in the future. The provisional guideline value for

antimony has therefore been set at a practical quantification level of 0.005 mg/litre (WHO, 2006).
(iv) Arsenic
Arsenic in drinking water is a global threat to health, potentially affecting about 140 million people in at least 70 countries worldwide (Ravenscroft et al., 2008). It is considered by some researchers to have more serious health repercussions than any other environmental contaminant (Smith and Steinmaus, 2007). Arsenic occurs naturally in soils and rocks, with typical concentrations of about 2-10 mg/kg. Igneous rocks tend to have low arsenic content, while shales, coals and volcanic rocks have higher levels. Arsenic is often found near deposits of sulfide minerals and ore deposits of metals such as tin and gold. In unconsolidated sediments, arsenic is primarily found in fine fractions, associated with metal oxides (especially iron) and to a lesser degree, clay minerals.
Arsenic can occur in drinking water at levels up to several mg/L, either as the reduced species, arsenite (As III) or the oxidized form, arsenate (As V). Aseniteis uncharged under natural conditions and as such is more mobile than asenate.
Contamination can occur in surface water, but is more common in groundwater. Rainwater contains negligible amounts of arsenic.Inorganic arsenic is acutely toxic. Large doses—far higher than are found in water—cause rapid deterioration and death. Slow exposure, as in low- level water contamination causes several long-term effects. The effects of arsenic poisoning, known as arsenicosis, can take a number of years (typically 5 – 20) to develop. Arsenic exposure via drinking water can cause cancer in the skin, bladder and kidney, as well as skin changes such as hyperkeratoses (hard patches) and pigmentation changes. It has been estimated that one in ten people who drink water containing >500 µg of arsenic per litre may ultimately die from cancers of the lung, bladder and skin (Cantor, 1997). WHO guideline value for arsenic is 0.01mg/L

(v) Barium

Barium occurs naturally in rock, with an average of 250 mg/kg in continental crust. It is positively charged in water (Ba2+) and typically occurs at less than 0.1 mg/L, though natural concentrations in groundwater can exceed 1 mg/L. There is no evidence that barium is carcinogenic, but chronic exposure can cause hypertension in humans. WHO has set the guideline value of 0.7 mg/L for barium (UNICEF, 2008).
(vi) Beryllium

Beryllium is found infrequently in drinking-water and only at very low concentrations, usually less than 1μg/litre. Beryllium has been shown to interact with DNA and cause gene mutations, chromosomal aberrations, and sister chromatid exchange in cultured mammalian somatic cells, although it has not been shown to be mutagenic in bacterial test systems. There are no suitable oral data on which to base a toxicologically supportable guideline value. However, the very low concentrations of beryllium normally found in drinking-water seem unlikely to pose a hazard to consumers (WHO, 2003).
(vii) Bicarbonate

The Bicarbonate ion is the principal alkaline constituent in almost all water supplies. Bicarbonate and/or carbonate concentrations dominate the anions in surface water (Wetzel, 2001).Alkalinity in drinking water supplies seldom exceeds 300 mg/l.
(viii) Boron

Boron is usually present in drinking-water at concentrations below 1 mg/litre, but some higher levels have been found as a result of naturally occurring boron. The total daily intake of boron is estimated to be between 1 and 5 mg. The guideline value for boron in drinking water is 0.3 mg/litre (WHO, 2003).

(ix) Cadmium

Cadmium levels in drinking-water are usually less than 1 μg/litre. The daily oral intake is 10-35 μg. There is evidence that cadmium is carcinogenic by the inhalation route, but no such clear evidence by the oral route. The guideline value set for cadmium is 0.003 mg/litre (WHO, 2003).
(x) Calcium and Magnesium
Calcium (Ca) and magnesium (Mg) are among elements in water. Where the natural level is high (>200mg/ litre), the water is ‗hard‘ and does not lather easily with soap. High levels are believed to be generally beneficial to health. The protective effect on the cardiovascular system may be due to the greater solubility of harmful trace elements, such as lead, in soft water (WHO, 2003).
(xi) Chloride

No health-based guideline value is proposed for chloride in drinking-water. However, chloride concentrations in excess of about 250 mg/litre can give rise to detectable taste in water.
(xii) Chlorine
Chlorine is the most commonly used agent for the disinfection of water supplies. Chlorine is a strong oxidizing agent capable of reacting with many impurities in water including ammonia, proteins, amino acids, iron, and manganese. The amount of chlorine required to react with these substances is called the chlorine demand. Chlorine in the form of a solid is calcium hypochlorite. When chlorine is added to water, a variety of chloro-compounds are formed. An example of this would be when ammonia is present, inorganic compounds known as chloramines are produced. Chlorine also reacts with residual organic material to produce potentially carcinogenic compounds, the Trihalomethanes (THM's): chloroform, bromodichloromethane, bromoform, and chlorodibromomethane. THM regulations have required that other oxidants and disinfectants be considered in order to minimize THM formation. The other chemical oxidants examined are:

potassium permanganate, hydrogen peroxide, chloramines, chlorine dioxide, and ozone. No matter what form of chlorine is added to water, hypochlorite, hypochlorous acid, and molecular chlorine will be formed, the reaction lowers the pH, thus making the water more corrosive and aggressive to steel and copper pipe (WHO, 2006).
(xiii) Chromium
Chromium is a dietary requirement for a number of organisms. This however only applies to trivalent chromium. Hexavalent chromium is very toxic to flora and fauna. Chromium (III) oxides are only slightly water soluble therefore concentrations in natural waters are limited. Cr3+ ions are rarely present at pH values over 5, because hydrated chromium oxide (Cr(OH)3) is hardly water soluble. Chromium is largely bound to floating particles in water.
The human body contains approximately 0.03ppm of chromium. Daily intake strongly depends upon feed levels, and is usually approximately 15-200μg, but may be as high as 1mg. Chromium uptake is 0.5-1%, in other words very small. The placenta is the organ with the highest chromium amounts. Chromium (III) toxicity is unlikely, at least when it is taken up through food and drinking water. Hexavalent chromium is known for its negative health and environmental impact, and its extreme toxicity. It causes allergic and asthmatic reactions, is carcinogenic and is 1000 times as toxic as trivalent chromium. Health effects related to hexavalent chromium exposure include diarrhoea, stomach and intestinal bleedings, cramps, and liver and kidney damage. Hexavalent chromium is mutagenic. The lethal dose is approximately 1-2 g. Most countries apply a legal limit of 50 ppb chromium in drinking water. A professional illness in chromium industries is chromium sores upon skin contact with chromates. Chromium trioxide dust uptake in the workplace may cause cancer, and damage the respiratory tract (WHO, 2006).

(xiv) Copper
Copper levels in drinking-water are usually low at only a few micrograms per litre. Copper is an essential element, and the intake from food is normally 1-3 mg/day. Acute gastric irritation may be observed in some individuals at concentrations in drinking-water above 3 mg/litre. Liver disease has been reported in India (Nayak and Chitale, 2013), for example, due to copper pipes leading from a well.
For drinking-water, a provisional health-based guideline value of 2 mg/litre is suggested. This concentration should also contain a sufficient margin of safety for bottle-fed infants, because their copper intake from other sources is usually low (WHO, 2003).
(xv) Cyanide

Effects on the thyroid and particularly the nervous system were observed in some populations as a consequence of the long-term consumption of inadequately processed cassava containing high levels of cyanide. A guideline value of 0.07 mg/litre is consideredfor cyanide in drinking water (WHO, 2003).
(xvi) Fluoride
Fluoride in most groundwaters occurs as the fluoride anion (F-). Waters with high fluoride content are found mostly in calcium-deficient ground waters in many basement aquifers, such as granite and gneiss, in geothermal waters and in some sedimentary basins. Groundwaters with high fluoride concentrations occur in many areas of the world including large parts of Africa, China, the Middle East and Southern Asia - India, Sri Lanka (WHO, 1996).
Fluoride is found in vegetables, fruit, tea and other crops although drinking water is usually the largest contributor to the daily fluoride intake. Fluoride is also found in the atmosphere, originating from the dusts of fluoride-containing soils, from gaseous industrial wastes, from the

burning of coal fires in populated areas and from gases of volcanic activity. Thus fluoride, in varying concentrations, is freely available in nature. The WHO guideline value for fluoride is 1.5mg/litre, with a target of between 0.8–1.2mg/l to maximise benefits and minimise harmful effects. Acceptable levels depend on climate, volumes of water intake and the likely intake of fluoride in other sources. Fluoride is sometimes added to drinking-water to prevent dental caries. Level above 1.5 mg/l will cause fluorosis which is the pitting of tooth enamel and deposits in bones (WHO, 2003).
(xvii) Iron

Iron is found in natural fresh waters at levels ranging from 0.5 to 50 mg/litre. Iron may also be present in drinking-water as a result of the use of iron coagulants or the corrosion of steel and cast iron pipes during water distribution. Iron is an essential element in human nutrition. In drinking-water a guideline value of about 2 mg/litre which does not present a hazard to health is suggested. No health-based guideline value for iron in drinking water is proposed (WHO, 2003).
(xviii) Lead

Lead is present in tap water to some extent as a result of its dissolution from natural sources, but primarily from household plumbing systems containing lead in pipes, solder, fittings, or the service connections to homes. It is a general toxicant that accumulates in the skeleton. Infants, children up to six years of age, and pregnant women are most susceptible to its adverse health effects. Lead is toxic to the central and peripheral nervous systems, its effect can be subencephalopathic neurological and behavioural. The guideline value for lead is 0.01 mg/litre (WHO, 2003).

(xix) Manganese

Manganese is an essential trace element with an estimated daily nutritional requirement of 30- 50μg/kg of body weight. Evidence of manganese neurotoxicity has been seen in miners following prolonged exposure to dusts containing manganese. There is no convincing evidence of toxicity in humans associated with the consumption of manganese in drinking-water, but only limited studies are available. The provisional guideline value of manganese in drinking water is
0.5 mg/litre (WHO, 2003).

(xx) Mercury

Mercury is present in the inorganic form in surface and ground waters at concentrations usually less than 0.5μg/litre. The kidney is the main target organ for inorganic mercury, as methyl- mercury mainly affects the central nervous system. The guideline value for total mercury is
0.001 mg/litre (WHO, 2003).

(xxi) Molybdenum

Concentrations of molybdenum in drinking-water are usually less than 0.01 mg/litre. However, in areas near mining sites molybdenum concentrations as high as 200μg/litre have been reported. No data are available on the carcinogenicity of molybdenum by the oral route. A guideline value of 0.07 mg/litre is set for molybdenum (WHO, 2003).
(xxii) Nickel

The concentration of nickel in drinking-water is normally less than 0.02 mg/litre. Nickel, as both soluble and sparingly soluble compounds, is now considered as a human carcinogen in relation to pulmonary exposure. The health-based guideline value for drinking-water is 0.02 mg/litre (WHO, 2003).

(xxiii) Nitrate and nitrite

Naturally occurring nitrate levels in surface and ground water are generally a few milligrams per litre. In many ground waters, an increase of nitrate levels has been observed owing to the intensification of farming practice. Concentrations can reach several hundred milligrams per litre. Experiments suggest that neither nitrate nor nitrites act directly as a carcinogen in animals, but there is some concern about increased risk of cancer in humans from the endogenous and exogenous formation of N-nitroso compounds, many of which are carcinogenic in animals. The guideline value for nitrate-nitrogen is 10 mg/litre. However, this value should not be expressed on the basis of nitrate-nitrogen but on the basis of nitrate itself, which is the chemical entity of concern to health, and the guideline value for nitrate is therefore 50 mg/litre (WHO, 2003).
(xxiv) Potassium
Potassium is an alkaline metal closely related to sodium. It is seldom that one sees it analyzed separately on a water analysis. Potassium is not a major component in public or industrial water supplies. However, it is essential in a well balanced diet and can be found in fruits such as bananas.
(xxv) Radon
Radon occurs naturally in ground water, particularly where there are granite rocks. It is a radioactive gas, which is released from water when it comes to the surface. In rocky areas it can present in houses at high concentrations, increasing the risk of lung cancer (WHO, 2006).
(xxvi) Selenium

Selenium levels in drinking-water vary greatly in different geographical areas but are usually much less than 0.01 mg/litre. Selenium is an essential element for humans and forms an integral part of the enzyme glutathione peroxidase and probably other proteins as well. Most selenium

compounds are water soluble and are efficiently absorbed from the intestine. Except for selenium sulfide, which does not occur in drinking-water, experimental data do not indicate that selenium is carcinogenic. The drinking-water guideline value for selenium is 0.01 mg/litre (WHO, 2006).
(xxvii) Silica

Silica (SiO2) is an oxide of silicon, and is present in almost all minerals. It is found in surface and well water in the range of 1 - 100 mg/l. Silica is considered to be colloidal in nature because of the way it reacts with adsorbents. Silica is not listed in the Primary or the Secondary Drinking Water Standards issued by the United States Environmental Protection Agency (USEPA, 1989).
(xxviii) Silver

Silver has occasionally been found in ground, surface, and drinking-water at concentrations above 5μg/litre. Levels in drinking-water treated with silver for disinfection may be above 50μg/litre. The only obvious sign of silver overload is argyria, a condition in which skin and hair are heavily discoloured by silver in the tissues. The low levels of silver in drinking water, generally below 5μg/litre, are not relevant to human health with respect to argyria. On the other hand, special situations exist where silver salts may be used to maintain the bacteriological quality of drinking-water. Higher levels of silver, up to 0.1mg/litre could be tolerated in such cases without risk to health. No guideline value is proposed for silver in drinking water (USEPA, 1992).
(xxix) Sodium

Sodium salts are widely found in the environment. Some waters contain a naturally high level, including water reclaimed from the sea. This is an increasingly important issue for communities drawing their water supply near coasts, and for arid regions. Water with high sodium levels may raise blood pressure slightly, and this is of particular concern in people with heart, liver, kidney

and other diseases where salt intake has to be restricted. Although concentrations of sodium in potable water are typically less than 20 mg/litre, they can greatly exceed this in some countries. No firm conclusions can be drawn concerning the possible association between sodium in drinking-water and the occurrence of hypertension. Therefore, no health-based guideline value is proposed. However, concentrations in excess of 200 mg/litre may give rise to unacceptable taste (WHO, 2003).
(xxx) Sulphate

Sulphates are discharged into water in industrial wastes and through atmospheric deposition; however, the highest levels usually occur in ground water and are from natural sources. Sulphate is one of the least toxic anions; however, catharsis, dehydration, and gastrointestinal irritation have been observed at high concentrations. No guideline is proposed for sulphate. However, because of the gastrointestinal effects resulting from ingestion of drinking-water containing high sulphate levels, it is recommended that health authorities be notified of sources of drinking-water that contain sulphate concentrations in excess of 500 mg/litre (USEPA, 1989).
(xxxi) Uranium

Uranium is introduced into water supplies as a result of leaching from natural sources, from mill tailings, from emissions from the nuclear industry, from the combustion of coal and other fuels, and from phosphate fertilizers. Uranium accumulates in the kidney, and nephropathy is the primary induced effect in humans and animals. At doses that are not high enough to destroy a critical mass of kidney cells, the effect is reversible, as some of the lost cells are replaced. The WHO recommends a provisional guideline value in drinking water of 2μg/litre (WHO, 2003).

(xxxii) Zinc

Zinc is an essential trace element (daily requirement for adult men = 15-20 mg/day) found in virtually all food and potable water in the form of salts or organic complexes. Although levels of zinc in surface and ground water normally do not exceed 0.01 and 0.05 mg/litre, respectively, concentrations in tapwater can be much higher as a result of dissolution of zinc from pipes. It was concluded that, the derivation of a health-based guideline value is not required at this time. However, drinking-water containing zinc at levels above 3 mg/litre may not be acceptable to consumers (WHO, 2003).
2.1.4.2 Test for Chemical Constituents

Pollution of water bodies with heavy metals from variety of sources is becoming a matter of global concern (Itah, 1998; Muhammad et al., 2014). There is also concern about the possible long-term health hazards which may arise from the presence of trace concentrations of impurities in drinking water (USEPA, 2002). There are several other chemical contaminants which may be naturally occurring or man-made, having known effects on the health of the consumers.
The chemical content of drinking water can be tested following the under-listed procedures (APHA, 1998):

i. Preliminary Treatment of Water Sample:

· 100ml aliquot of the water sample is evaporated to dryness in a beaker of known weight.

· 0.2g of the sediment is digested using nitric acid, perchloric acid and hydrofluoric acid mixture at a ratio of 6:1:5 and heated on a water bath until appearance of white fumes.
· The mixture is filtered and made up to 100ml with distilled water.

ii. Analysis of the water samples using Atomic Absorption Spectrophotometric (AAS) method or other analytical method listed below.
2.1.4.3 [bookmark: _TOC_250010]Analytical techniques and instrumentation

The following analytical techniques are recommended by WHO (2003).

Volumetric titration method

In this method, chemicals are analyzed by titration with a standardized titrant. The titration endpoint is identified by either the development of colour resulting from the reaction with an indicator, change of electrical potential or change of pH value (WHO, 2003).
Colorimetric method
Colorimetric methods are based on measuring the intensity of colour of a coloured target chemical or reaction product. The optical absorbance is measured using light of a suitable wavelength. The concentration is determined by means of a calibration curve obtained using known concentrations of the determinant (WHO, 2003).
Electrode methods

For ionic materials, the ion concentration can be measured using an ion-selective electrode. The measured potential is proportional to the logarithm of the ion concentration (WHO, 2003).
UltraViolet (UV) absorption method
Some organic compounds absorb ultraviolet light (wavelength; 190-380nm) in proportion to their concentration. UV absorption is useful for qualitative estimation of organic substances, because a strong correlation may exist between UV absorption and organic carbon content (WHO, 2003).
Atomic Absorption Spectrometry (AAS)

The Atomic Absorption Spectrometry method is used for determination of metals. It is based on the phenomenon that the atom in the ground state absorbs the light of wavelengths that are

characteristic to each element, when light is passed through the atom in the vapour state. Since this absorption of light depends on the concentration of atoms in the vapour, the concentration of the target element in the water sample is proportional to the measured absorbance. There are mainly two types of AAS: Flame or Electrothermal ionization based systems (WHO, 2003).
a. Flame AAS method

In the Flame Atomic Absorption Spectrometry method, a sample is aspirated into a flame and atomized. A light beam from a hollow cathode lamp of the same element as the target metal is radiated through the flame and the amount of absorbed light is measured by the detector. This method is relatively highly sensitive and free from spectral or radiation interference by co- existing elements. However, it is not suitable for simultaneous analysis for many elements, because the light source is different for each target element (WHO, 2003).
b. Electrothermal AAS method

Electrothermal Atomic Absorption Spectrometry Method is based on the same principle as Flame Atomic Absorption Spectrometry Method but an electrically heated atomizer or graphite furnace replaces the standard burner head for determination of metals. In comparison with Flame Atomic Absorption Spectrometry, Electrothermal Atomic Absorption Spectrometry gives higher sensitivities and lower detection limits and a comparatively small sample volume. Elecrothermal Atomic Absorption Spectrometry suffers from more interference through light scattering by co- existing elements and requires a longer analysis time than Flame Atomic Absorption Spectrometry (WHO, 2003).
Inductively Coupled Plasma – Atomic Emission Spectrometry (ICP–AES) Method
The principle of this method for determination of metals is as follows: An ICP source consisting of a flowing stream of argon gas is ionized by an applied radio frequency. A sample aerosol is

generated in a nebulizer and spray chamber and then carried into the plasma through an injector tube. A sample is heated and excited in the high– temperature plasma. The high temperature of the plasma causes the atoms to become excited.On returning to the ground state, the excited atoms produce ionic emission spectra. A monochromator is used to separate specific wavelengths corresponding to different elements, and a detector measures the intensity of radiation of each wavelength.A significant reduction in chemical interference and multi-element determination of metals can be achieved. ICP – AES has similar sensitivity to Flam Atomic Absorption Spectrometry or Electrothermal Atomic Absorption Spectrometry (WHO, 2003).
X-Ray Fluorescence (XRF) Spectroscopy
XRF spectroscopy is an example of ICP-AES. It is the reverse of absorption spectrophotometry. With this technique, molecules are induced to emit light, which they do at energies characteristic of their structure, and at intensities proportional to the sample concentration. This method works on the principle that metallic elements emit x-rays at their characteristic energies when bombarded by a high energy x-ray source. The method is useful for both qualitative and quantitative analyses of metals (Student Encarta Encyclopedia, 2007).
Inductively Coupled Plasma – Mass Spectrometry (ICP-MS) method

In ICP-MS, elements are atomized and excited as in ICP-AES, then passed to a mass spectrometer. Once inside the mass spectrometer, the ions are accelerated by high voltage and passed through a series of ion optics, an electrostatic analyzer (ESA), and finally a magnet. By varying the strength of the magnet, ions are separated according to mass/charge ratio and passed through a slit into the detector which records only a very small atomic mass range at a given time. By varying the magnet and ESA settings, the entire mass range can be scanned within a relatively short period of time. Like in ICP-AES, multi-element determination of metals can also be achieved (WHO, 2003).

Chromatography method

Chromatography is a separation method based on the affinity difference between two phases, the stationary and mobile phases. A sample is injected into a column, either packed or coated with the stationary, and separated by the mobile phase based on the difference in interaction (distribution or adsorption) between compounds and the stationary phase. Compounds with a low affinity for the stationary phase move more quickly through the column and elute earlier. The compounds that elute from the end of the column are determined by a suitable detector. The following are the common ones (WHO, 2003).
a. Ion Chromatography

An ion exchanger is used as the stationary phase, and the eluent for determination of anions is typically a dilute solution of sodium hydrogen carbonate and sodium carbonate. Colorimetric, Electrometric or titrimetric detectors can be used for determining individual anions.
In suppressed ion chromatography, anions are converted to their highly conductive acid forms and in the carbonate-bicarbonate, eluent anions are converted to weakly conductive carbonic acid. The separated acid forms are measured by conductivity and identified on the basis of retention time as compared with their standards (WHO, 2003).
b. High-Performance Liquid Chromatography (HPLC)
HPLC is an analytical technique using a liquid mobile phase and a column containing a liquid stationary phase. Detection of the separated compounds is achieved through the use of absorbance detectors for organic compounds and through conductivity or electrochemical detectors for metallic and inorganic compounds (WHO, 2003).

c. Gas Chromatography (GC)

In GC, gas is used as the mobile phase and the stationary phase is a liquid that is coated either on an inert granular solid or on walls of a capillary column. When the sample is injected into the column, the organic compounds are vapourized and moved through the column by the carrier gas at different rates depending on differences in partition coefficients between the mobile and stationary phases. The gas exiting the column is passed to a suitable detector such as Flame Ionization (FID), Electron Capture (ECD) and Nitrogen-phosphorus.Since separation ability is good in this method, mixtures of substances with similar structure are systematically separated, identified and determined quantitatively in a single operation (WHO, 2003).
d. Gas Chromatography (GC)/Mass Spectrometric (MS) Method

GC/MS method is based on the same principle as the GC method, using a mass spectrometer (MS) as the detector. As the gas emerges from the end of the GC column opening, it flows through a capillary column interface into the MS. The sample then enters the ionization chamber where a collimated beam of electrons impact the sample molecules causing ionization and fragmentation. The next component is a mass analyzer, which uses a magnetic field to separate the positively charged particles according to their mass. Several types of separating techniques exist and the most common are quadrupoles and ion traps. After the ions are separated according to their masses, they enter a detector (WHO, 2003).
e. Purge and Trap Packed – Column Gas Chromatograhy (GC)/Mass Spectrometric (MS) Method
This method is applicable to the determination of various purgeable organic compounds that are transferred from the aqueous to the vapour phase by bubbling purge gas through a water sample at ambient temperature. The vapour is trapped with a cooled trap. The trap is heated and

backflushed with the same purge gas to desorb the compounds onto a gas chromatographic column. It uses the same principles as in GC or GC / MS (WHO, 2003).
2.1.5 [bookmark: _TOC_250009]Physical Pollutants

Physical pollutants are products of polution caused by colour (change), suspended solids, foaming, temperature conditions or radioactivity. Physical pollutants include:
· suspended solids

· immiscible liquids

· discharges that result in changes to the temperature or flow rate of the receiving water

· substances that impart a taste, odour or colour to the water.

Suspended solids

Various industries produce suspended material (or particulates) in their effluents, and this has several consequences. All solids tend to reduce light penetration, so the growth of plant life in watercourses is inhibited. This will have secondary effects on food chains. One of the most important effects on animals is the damage to fish gills. Prolonged exposure to high levels of suspended solids (50 mg l−1 and above) is likely to lead to sublethal changes due to respiratory distress, and adverse growth and development (Au et al., 2004). Some suspended solids can also cause harmful effects when soluble toxic components present in them are dissolved into the water by biological or chemical action.
Immiscible liquids

Immiscible liquids may be present as oils, greases or tarry substances, often in the form of an emulsion (a colloidal suspension of one liquid in another, as in mayonnaise). They may affect turbidity in the same way as suspended solids. However, emulsions are not likely to settle to the bed of the river. Frequently they float on the surface and adhere to vegetation at the waterline.

Some immiscible liquids are decomposed slowly by aquatic microorganisms. Many oils and tars are slightly soluble in water and thereby impart tastes and odours to it. Oil is generally less dense than water and will spread over the surface to form an extremely thin, often visible film; a small quantity of oil is therefore likely to pollute a large area. Oil is one of the more serious pollution problems. As an example, there are now around 3000 pollution incidents involving oil and fuels every year in England and Wales (Environment Agency, 2013).
Discharges contributing to a temperature change

Industrial effluents are frequently discharged at temperatures different from those of the receiving river. Almost invariably the effluent is warmer than the river, since water is widely used for carrying away heat. A small increase in the temperature of a clean, fast-flowing stream may not affect the ecosystem adversely. Provided oxygen is plentiful, plant and animal populations may be altered slightly but remain in a balanced state. Species indigenous to warmer climates may become established in a heated portion of a river. However, heated effluents are usually discharged to watercourses that are already polluted to some degree, so the polluting effects are compounded. A heightened biochemical oxygen demand (BOD) on the river water due to a sewage discharge upstream may be exacerbated by raising the temperature. Any animal or plant that dies as a result of the heat or greater oxygen deficit is decomposed by bacteria, which decrease the oxygen level even more (OU, 2016).
Discharges causing variations in flow rate

Variations in the flow of a river can result from excessive abstraction or from intermittent discharges of relatively large volumes of effluent, as when settling ponds (which are used to remove particulates from effluents in the ceramic industry, for example) are emptied. There are, however, maximum limits that must be adhered to. Since the organisms that become established

in a river will be those best suited to its conditions, sudden and repeated fluctuations in the rate of flow will mean that only those organisms that can withstand the changes will survive. Plants growing in silt deposits on the bed of a stream will be destroyed when the silt is washed away by a sudden increase in flow. When the flow falls, organisms that are dependent on a high dissolved oxygen concentration will die if the river reverts to a series of near-stagnant pools(OU, 2016).
Substances causing taste, odour and coloration

Very low concentrations of some chemical compounds will produce unpleasant tastes and odours, or will taint the flesh of fish living in water contaminated by them. Interaction between substances may produce tastes that are apparent at concentrations well below those at which either substance is individually detectable. An ‗antiseptic‘ taste of chlorinated tap water is obvious if the raw water supply contains phenols, since this result in the formation of chlorophenols. (Phenolic compounds can occur naturally in lowland rivers). Unpleasant tastes and smells, usually earthy or sulfurous in nature, can also occur naturally from decaying vegetation. The ecological effect of colour will depend on its light-absorptive properties in relation to the spectral requirements of algae and plants (i.e. which wavelengths of light they need). Many rivers are naturally coloured (e.g. those draining peat are light brown due to humic and fulvic acids) and yet are able to support biota, including trout. The ecological effects of colour are usually minimal compared with other factors(OU, 2016).
Monitoring Physical Pollutants

Rainfall events

Rainfall events are one of the most important causes of degradation in source water quality affecting surface waters and ground waters. Rainfall drives the movement of pathogens into and through water bodies and can move soil, re-suspend sediments, cause overflow of combined and

poorly maintained sewers, degrade groundwater through infiltration and so on. Forecasting and rainfall detection systems such as radar, hydrographic monitoring equipment and remote sensing can now be used to provide authorities with advanced warnings of upcoming rainfall events that might influence water quality and treatment. Although not a measure of faecal loading, rainfall events are useful in predicting deterioration in source water quality and permit appropriate precautionary measures to be taken to safeguard treated water quality (Payment et al., 2003).
Flow

Measurement of flow of surface waters as well as flow during drinking water treatment provides important information regarding the availability and production of quality water. Low flow in surface waters may lead to biological degradation and higher concentrations of pollutants due to reduced dilution of discharges. During treatment, changes in flow can adversely affect coagulation and sedimentation processes, while filtration rate and contact time with disinfectant are key factors in the production of safe drinking water. Flow is easily measured using continuous on-line measurements (Payment et al., 2003).
Colour

Colour in drinking water may be due to the presence of coloured organic matter, e.g.humic substances, metals such as iron or manganese, or highly coloured industrial wastes. Treatment removes much of the suspended matter. Source waters high in true colour can be treated to remove colour by oxidation with ozone and adsorption onto activated carbon.
Changes in colour from that normally seen can provide warning of possible quality changes or maintenance issues and should be investigated. They may, for example, reflect degradation of the source water, corrosion problems in distribution systems, change in performance of adsorptive treatment processes (such as activated carbon filtration) and so on. It is simply and cheaply

measured using a spectrophotometer or simple colorimeter or using visual comparison with known standards (Payment et al., 2003).
pH

The pH of water affects treatment processes, especially coagulation and disinfection with chlorine-based chemicals. Changes in the pH of source water should be investigated as it is a relatively stable parameter over the short term and any unusual change may reflect a major event. pH is commonly adjusted as part of the treatment process and is continuously monitored (Payment et al., 2003).
Solids

Water always contains a certain amount of particulate matter ranging from colloidal organic or inorganic matter that never settles to silts, algae, plankton or debris of all kinds that can settle quite rapidly. Various methods have been devised to identify or measure these solids. In raw water storage reservoirs and other large bodies of water, discs can be used to measure the depth of water through which the disc remains visible (i.e. transparency). Suspended solids can be measured indirectly as turbidity.
Methods for the measurements of solids are well described (APHA, 1998) and may involve simple procedures such as filtration, evaporation and/or drying at specified temperatures, and weighing. Results are reported in mg/l. Conductivity assays can be used to reflect total dissolved solids concentrations and can be applied rapidly on-line, although conductivity mainly reflects the mineral content.
Many of the tests methods for solids are inexpensive, some can be undertaken in-field or on-line, most require average skill, and others can be performed routinely by many laboratories providing data within hours (Payment et al., 2003).

Turbidity

Turbidity is a measure of suspended solids. It is probably the most generally applicable and widely used non-microbial parameter that can provide the most significant data throughout the water abstraction and treatment process. It is not associated specifically with faecal material, but increases in turbidity are often accompanied with increases in pathogen numbers, including cysts or oocysts. Turbidity is often determined by measuring the amount of light scattered by the particulate matter in the water using a nephelometer calibrated. Instruments for measuring turbidity are calibrated in Nephelometric Turbidity Units (NTU). Nephelometers are available as online continuous turbidity meters and they can provide precise data on variations in water treatment efficiency. Waterworks using filtration should be able to achieve values of 0.5 NTU or less. Regulations in various countries specify values from 0.1 to 5 NTU in final treated water (WHO, 1997).
The turbidity of water affects treatment processes and especially disinfection with chlorine-based chemicals. Turbidity of surface water sources may be heavily influenced by rainfall events or algal growth and treatment processes should be tailored to respond to such changes. Most ground waters have a relatively stable turbidity and any change reflects a major event that needs to be investigated and corrected by tailoring the treatment to the incoming water quality (Waite, 1997). Turbidity is also a good measure of the extent to which treatment processes remove suspended matters. Test methods are inexpensive, require average skill, and are performed routinely by most laboratories (WHO, 1997).
Particle Size Analysis

Particles in water are distributed over a wide range of size. Various instruments have been developed to enumerate and size particles in water. These instruments measure the passage of

particles in a sensing zone where each is counted and sized according to the electronic pulse generated. This pulse is proportional to the characteristics of the size and shape of the particle.
Particle counting can provide a general index of removal effectiveness and as such is a good quality control parameter for filtration. However, factors other than size (such as electric charge on the particles) may affect removal processes. Particle size monitors are available as on-line instruments, however, the equipment is expensive and it requires a greater level of skill than turbidity analysis (WHO, 1997).
Microscopic particulate analysis provides detailed microscopic information on the nature of particulates in water. Biological particles (cysts, diatoms, fungi, zoo-plankton and phyto- plankton) and inorganic particles are described and enumerated. It is useful to identify contaminants in groundwater, providing information on the nature and likely origins of its contamination. Groundwater influenced by surface water will contain a significant amount of algae and other particles not normally found in protected groundwater. It is mainly of value as a research and investigational tool rather than for routine monitoring. The analysis requires well- trained skilled personnel, is time-consuming and is performed by few laboratories (WHO, 1997). Disinfectant Residual Concentration
Chlorine is the most widely used disinfectant in water treatment. For the majority of bacterial pathogens, and some viruses, terminal disinfection is the critical control point of treatment and proper measurement and control of disinfectant dose and contact time (alongside pH and turbidity) is imperative. The measurements of disinfectant dose, residual obtained and the time of contact are primary data that provide a minimal level of quality control of treated water and disinfectant residual concentration during and after disinfection is a required measurement at

most water treatment works. Simple and inexpensive colorimetric tests using titration methods or kits are available for manual determination by relatively low skilled personnel (WHO, 1997).
Organic Matter

Data on the level of organic matter in treated water provide an indication of the potential for the re-growth of heterotrophic bacteria (including Pseudomonas and Aeromonas) in reservoirs and distribution systems. Organic matter can be measured as Total Organic Carbon (TOC), Biochemical Oxygen Demand (BOD) or Chemical Oxygen Demand (COD). BOD is primarily used with wastewaters and polluted surface waters, and TOC is the only parameter applicable to drinking water. Measurement of these three parameters requires basic laboratory facilities and adequately trained personnel. The TOC data provide information on the amount of matter present in the water and it may be useful to measure the amount of organic material available to support bacteriological growth (WHO, 1996, 1997).
2.2 [bookmark: _TOC_250008]Treatment of Water Pollution

The major sources through which water gets polluted can be categorized into municipal,industrial, and agricultural. Waste water from any of these sources therefore need to betreated before it isreused, poured into a body of water or on land.
2.2.1 [bookmark: _TOC_250007]Municipal wastewater treatment

Municipal water pollution consists of waste water from homes and commercial establishments. Including the preliminary treatment, which is done to screen out, grind up, or separate debris, the basic methods of treating municipal wastewater fall into three stages: primary, secondary and tertiary treatment.

a.Preliminary treatment

As wastewater enters a treatment facility, it typically flows through a step called preliminary treatment. A screen removes large floating objects, such as rags, cans, bottles and sticks that may clog pumps, small pipes, and downstream processes. The screens vary from coarse to fine and are constructed with parallel steel or iron bars with openings of about half an inch, while others may be made from mesh screens with much smaller openings. Screens are generally placed in a chamber or channel and inclined towards the flow of the wastewater. The inclined screen allows debris to be caught on the upstream surface of the screen, and allows access for manual or mechanical cleaning. Some plants use devices known as comminutors or barminutors which combine the functions of a screen and a grinder. These devices catch and then cut or shred the heavy solid and floating material. In the process, the pulverized matter remains in the wastewater flow to be removed later in a primary settling tank (USEPA, 2004).
b. Primary wastewater treatment

With the screening completed and the grit removed, wastewater still contains dissolved organic and inorganic constituents along with suspended solids. The suspended solids consist of minute particles of matter that can be removed from the wastewater with further treatment such as sedimentation or gravity settling, chemical coagulation, or filtration. Pollutants that are dissolved or are very fine and remain suspended in the wastewater are not removed effectively by gravity settling. When the wastewater enters a sedimentation tank, it slows down and the suspended solids gradually sink to the bottom. This mass of solids is called primary sludge. Various methods have been devised to remove primary sludge from the tanks. Newer plants have some type of mechanical equipment to remove the settled solids from sedimentation tanks. Some plants remove solids continuously while others do so at intervals (USEPA, 2004).

c. Secondary wastewater treatment

After the wastewater has been through Primary Treatment processes, it flows into the next stage of treatment called secondary. Secondary treatment processes can remove up to 90 percent of the organic matter in wastewater by using biological treatment processes. The two most common conventional methods used to achieve secondary treatment are attached growth processes and suspended growth processes. In attached growth (or fixed film) processes, the microbial growth occurs on the surface of stone or plastic media. Wastewater passes over the media along with air to provide oxygen. Attached growth process units include trickling filters, biotowers, and rotating biological contactors. Attached growth processes are effective at removing biodegradable organic material from the wastewater. Bacteria, algae, fungi and other microorganisms grow and multiply, forming a microbial growth or slime layer (biomass) on the media. In the treatment process, the bacteria use oxygen from the air and consume most of the organic matter in the wastewater as food. As the wastewater passes down through the media, oxygen-demanding substances are consumed by the biomass and the water leaving the media is much cleaner. However, portions of the biomass also slough off the media and must settleout in a secondary treatment tank. Similar to the microbial processes in attached growth systems, suspended growth processes are designed to remove biodegradable organic material and organic nitrogen-containing material by converting ammonia nitrogen to nitrate unless additional treatment is provided. In suspended growth processes, the microbial growth is suspended in an aerated water mixture where the air is pumped in, or the water is agitated sufficiently to allow oxygen transfer. Suspended growth process units include variations of activated sludge, oxidation ditches and sequencing batch reactors. The suspended growth process speeds up the work of aerobic bacteria and other microorganisms that break down the organic matter in the

sewage by providing a rich aerobic environment where the microorganisms suspended in the wastewater can work more efficiently. In the aeration tank, wastewater is vigorously mixed with air and microorganisms acclimated to the wastewater in a suspension for several hours. This allows the bacteria and other microorganisms to break down the organic matter in the wastewater. The microorganisms grow in number and the excess biomass is removed by settling before the effluent is discharged or treated further. Now activated with millions of additional aerobic bacteria, some of the biomass can be used again by returning it to an aeration tank for mixing with incoming wastewater (USEPA, 2004).
d. Tertiary or “advanced” treatment

In some receiving waters, the discharge of secondary treatment effluent would still degrade water quality and inhibit aquatic life. Further treatment is needed. Treatment levels beyond secondary are called advanced treatment. Advanced treatment technologies can be extensions of conventional secondary biological treatment to further stabilize oxygen-demanding substances in the wastewater, or to remove nitrogen and phosphorus. Advanced treatment may also involve physical-chemical separation techniques such as adsorption, flocculation/precipitation, membranes for advanced filtration, ion exchange, and reverse osmosis. In various combinations, these processes can achieve any degree of pollution control desired. As wastewater is purified to higher and higher degrees by such advanced treatment processes, the treated effluents can be reused for urban, landscape, and agricultural irrigation, industrial cooling and processing, recreational uses and water recharge, and even indirect augmentation of drinking water supplies. Nitrogen is usually removed by nitrification followed by de-nitrification. Like nitrogen, phosphorus is also a necessary nutrient for the growth of algae. Phosphorus reduction is often needed to prevent excessive algal growth before discharging effluent into lakes, reservoirs and

estuaries. Phosphorus removal can be achieved through chemical addition and a coagulation- sedimentation process - a process used to increase the removal of solids from effluent after primary and secondary treatment. Solids heavier than water settle out of wastewater by gravity. With the addition of specific chemicals, solids can become heavier than water and will settle (USEPA, 2004).

[image: ]

2.2.2 [bookmark: _TOC_250006]Industrial wastewater treatment

Industrial wastewater treatment involves all processes used in treating wastewater produced as a by-product of industrial or commercial activities. Some industries manufacture or use complex organic and inorganic chemicals and even heavy metals including pesticides, pharmaceuticals, paints and dyes, petrochemicals, detergents, plastics, paper pollution, etc. Waste waters can be contaminated by feedstock materials, by-products, product material in soluble or particulate form, washing and cleaning agents, solvents and added value products such as plasticisers. Treatment facilities that do not need control of their effluent typically opt for a type of aerobic treatment, i.e. aerated lagoons (Kashiwaya and Yoshimoto, 1980). Innovative processes for treating industrial wastewater containing heavy metals often involve technologies for reduction of toxicity in order to meet technology-based treatment standards (Barakat, 2011).
2.2.3 [bookmark: _TOC_250005]Agriculture wastewater treatment

Non point sources (NPS) of sediment and nutrients, primarily in Agricultural runoff, have been identified as the major cause of surface water quality degradation. It was estimated that NPS pollutants account for 73 percent of the total biochemical organic demand (BOD), 83 percent of bacterial load, and 92 percent of suspended sediments in waterways in the United States(Clarke, 1993). The US EPA estimated that 57 percent of the impaired lake square miles, 64 percent of impaired river miles, and 19 percent of the impaired estuarine square miles are caused by discharges from agricultural lands (USEPA, 1987). Wastes from commercial feeders are contained and disposed off on land; their main threat to natural waters, therefore, is from runoff and leaching. Control may involve settling basins for liquids, limited biological treatment in aerobic and anaerobic lagoons, and a variety of other methods (Krantz and Kifferstein, 2005).




3.1 [bookmark: _TOC_250004]Study Area

CHAPTER THREE MATERIALS AND METHODS


Sokoto River is a tributary of the River Niger. It has its source near Funtua in the south of Katsina State. It flows north-west passing Gusau in Zamfara State. Further downstream, the river enters Sokoto State where it passes by Sokoto and is joined by the Rima River. Turning south, it flows through Birnin Kebbi in Kebbi State and about 120 kilometers south of Birnin Kebbi, it reaches its confluence with the Niger River (Hartenbach and Schuol, 2005). Sokoto metropolis has distinct weather conditions consisting of wet and dry seasons with mean annual rainfall ranging from 350mm to 670mm and temperature of 37-40°C during dry season.
The segment of River Sokoto used in the study is situated adjacent to Kalanbaina industrial area of the metropolis where industries such as cement, aluminum, fertilizer, foam and tanning factories are found. The preliminary survey of the study area showed that these factories discharged their effluents into the environment and such discharge ended up flowing into the river.
Residents along the river bank farm crops such as vegetables and use water from the river to irrigate the crops. Water from River Sokoto is also used for domestic and recreational purposes. Six sampling points were chosen namely; a point close to farmland (P1), a pointabout 1.5 kilometres away from P1 (P2), a point close to residents along the riverside about 2 kilometres from P2 (P3), a point on stream drainage immediately from Sokoto Cement Factory (P4), a point on the stream just about to enter the river about 1.5 kilometres from P4 (P5), and a point 2 kilometres away from P5 on the river (P6).






[image: ]

3.2 [bookmark: _TOC_250003]Materials

3.2.1 Test samples

· Water samples from various points of River Sokoto and the tributary in the study area
· Bottom sediments samples from the bed of the tributary and the main river

3.2.2 Chemicals

[image: ]   Hydrochloric acid (BDH, England) [image: ]  Salicylic acid (BDH, England)
[image: ]   Sulphuric acid (BDH, England) [image: ]  Boric acid (BDH, England)
[image: ]   Barium chloride crystal (BDH, England) [image: ]  Nutric acid (BDH, England)
[image: ]   Manganese sulphate (BDH, England)

3.2.2.1Reagents

Chemical reagents used include:

[image: ]   Ethidium bromide dye [image: ]  Methyl orange indicator
[image: ]   Bromophenol blue indicator [image: ]  Ferroin indicator
[image: ]   Potassium chromate indicator [image: ]  Phenolphthalein indicator
[image: ][image: ]   Potassium dichromate standard Ferrous ammonium sulphate

[image: ]   Ammonium molybdate reagent [image: ]  Kovac reagent
[image: ]   Eriochrome black indicator [image: ]  Stannous chloride reagent [image: ]  Sodium hydroxide
[image: ]   Sodium thiosulphate [image: ]  Fast Blue reagent
[image: ]   Silver sulphate solution [image: ]  Phosphate buffer solution
[image: ]   Hydrogen peroxide solution [image: ]  Phenol chloroform
[image: ][image: ]   Absolute ethanol (100%) [image: ]  Sodium acetate
Distilled water


3.2.3 Antibiotics

The following eleven antibioticdiscs from Oxoid Ltd., Basingstoke, England, were used: [image: ]  Ampicillin (10µg)
[image: ]   Ceftazidime (30µg)

[image: ]   Cefuroxime (30µg) [image: ]  Ceftrixone (30µg)
[image: ][image: ]   Erythromycin (30µg) Gentamicin (10µg)

[image: ]   Amoxycillin/Clavulinate (30µg) [image: ]  Cloxacillin (5µg)
[image: ][image: ]   Ciprofloxacin (5µg) [image: ]  Ofloxacin (5µg)
Nitrofurantoin (300µg)


3.2.4 Disinfectants

[image: ]   Dettol®(Chloroxylenol 4.8% w/v), Ricketts & Coleman, England

[image: ]   Izal® (Saponated cresol 7%), Medrich Laboratories, Bangalore, India

[image: ]Savlon® (Chlorhexidine 0.3% w/v/Centrimide 3% w/v), Johnson & Johnson, England


3.2.5 Bacteriological Media and Other Items

[image: ]   MICROBACT 12S kit, Oxoid Ltd, Basingstoke, England [image: ]  ID 32E kit, BioMerieux, SA, France
[image: ]   QIAamp DNA mini kit,Qiagen K.K, Tokyo, Japan [image: ]  Taq DNA polymerase, Courtaboeuf, France
[image: ]   Primers

[image: ]   DNA ladder, Alameda, USA

Aesculin-Azide Agar, Oxoid Ltd, Basingstoke, England

Mineral oil, Oxoid Ltd, Basingstoke, England

Azide dextrose Broth, Oxoid Ltd, Basingstoke, England

Brilliant Green Lactose Broth, Lab M, Bury, England

Deoxycholate Citrate Agar, Lab M, Bury, England

[image: ][image: ][image: ][image: ][image: ] (
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[image: ]   EC Medium, Lab M, Bury, England [image: ]  Endo Agar, Lab M, Bury, England
[image: ]   Centrimide Agar,Lab M, Bury, England

[image: ]   Selenite-F Broth, Oxoid Ltd, Basingstoke, England [image: ]  Lauryl tryptose Broth,Lab M, Bury, England
[image: ]   Luria Bertani (LB) Broth,Lab M, Bury, England [image: ]  MacConkey Agar,Lab M, Bury, England
[image: ]   Salmonella-Shigella Agar,Lab M, Bury, England [image: ]  Mannitol Salt Agar,Lab M, Bury, England
[image: ]   Mueller-Hinton Agar,Lab M, Bury, England [image: ]  Nutrient Agar,Lab M, Bury, England
[image: ][image: ]   Peptone water, Oxoid Ltd, Basingstoke, England [image: ]  Plate count Agar,Lab M, Bury, England
Triple Sugar Agar,Lab M, Bury, England


3.2.6 Equipment

[image: ]   Conductivity and Temperature meter, ADWA AD 32, Mauritius [image: ]  Electronic pH meter, Jenway 3015, Staffordshire, UK
[image: ]   Fast Sequential Atomic Absorption Spectrometer, Model VARIAN AA 240 FS, Australia [image: ]  Laboratory digital balance, Adams, USA
[image: ][image: ]   Heating mantle, Gallenkamp, England [image: ]  Incubator, Gallenkamp, England
Flame Photometer, Jenway FPF 7, UK

 (
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[image: ]   Spectrophotometer, Optima SP 300, UK [image: ]  Vacuum pump, Edwards, England
[image: ]   Centrifuge, Gallenkamp, England

[image: ]   Kjeldahl apparatus, Edwards, England [image: ]  Reflux apparatus, Edwards, England
[image: ][image: ]   Programmable Thermal Controller, PCT-100, M.J. Research Inc, USA [image: ]  Electrophoresis gel tank, Italy
UV Light, Gel Doc, Italy


3.2.7 Glass Wares

[image: ]   BOD incubation bottles [image: ]  Burettes; 25ml and 50ml
[image: ]   Volumetric flasks; 100ml, 250ml and 500ml [image: ]  Test tubes
[image: ]   Durham tubes

[image: ][image: ]   Eppendorff tubes [image: ]  Porcelain crucibles [image: ]  Petri-dishes
Pasteur pipettes.

3.3 [bookmark: _TOC_250002]Methods

3.3.1 [bookmark: _TOC_250001]Sample Collection

a. Water Samples for Bacteriological Analyses

Water samples for bacteriological analysis were collected in dry, heat sterilized 100ml amber bottles. Water samples at each sampling point on the river were taken at a depth of about 25cm in a counter current direction. Filled to three quarter of its capacity, the bottles were quickly covered to avoid contamination. The samples were transported to the laboratory in an ice-boxfor analyses within four hours of collection. This procedure was repeated at each sampling point on a monthly basis from January to December, 2014.
b. Water Samples for Physicochemical Analyses

Surface water samples for physicochemical analyses were collected mid-stream at depths 20–30 cm directly into clean 1 litre plastic bottles that were washed and rinsed with 50% nitric acid solution and further rinsed in distilled water to remove all impurities. Being filled to capacity to prevent entrapment of air, the bottles were closed and taken for analyses. Samples were collected six times, that is, in January, April, June, August, September and November.
c. Samples for Elemental Analyses

Water and bottom soil sediments were used for elemental analyses. Surface water samples were gently collected in clean plastic containers (as described in physicochemical analyses above) while the bottom samples were packed with soil sediments. Water samples were taken in August, 2014 while bottom soil sediments were taken in dry season (January, 2014) to allow access to the river bed.

3.3.2 Bacteriological Analyses

Bacteriological analyses of water samples were carried out at the Veterinary Microbiology Laboratory, Usmanu Danfodiyo University, Sokoto. They included total bacteria count, coliform counts, isolation and characterization of bacteria contaminants and their susceptibilities to some antibiotics and disinfectants.
a. Preparation of Media

Media were prepared following strictly the manufacturers‘ instructions as contained on the instruction‘s leaflets. When not needed immediately, prepared media were stored in refrigerator at 4oC.
b. Heterotrophic (Standard) Plate Count

Heterotrophicplate count was conducted using the pour plate method as described in Standard Methods (APHA, 1998). Ten-fold serial dilution of the water samples were prepared in sterile distilled water. From 10-4, 10-5 and 10-6 dilutions, 1ml were takenand transferred aseptically onto prepared and labeled sterile petri-dishes. Twelve milliliter (12ml) of sterile molten Plate Count Agar (Lab M, England) at 45oC was poured into the plates and properly mixed to ensure evenly distribution of the water samples in the agar media. Duplicates of each dilution were similarly prepared and were all allowed to set at room temperature. All plates were incubated at 35oC for 48 hours. Colonies produced on the agar were counted and the values were multiplied by the dilution factors to get the actual number in colony-forming units per milliliter (cfu/ml).
c. Coliform Counts

Coliform counts were determined by multiple-tube dilution technique which involved three stages namely: Presumptive, Confirmed and Completed tests.

i. Presumptive test:Ten-fold serial dilutions of water samples were prepared in sterile distilled water. Decimal volumes (1ml, 0.1ml and 0.01ml) of each dilution of sample was asepticallytransferred to quintuplicate of 10ml sterile Lauryl tryptose broth fermentation tubes containing inverted Durham tubes and incubated at 35oC. The tubes were examined for accumulation of gas in the Durham tubes after 24 to 48 hours. Coliform organisms were presumed if gas accumulation was observed in the inverted tubes within 48 hours.
ii. Confirmed test:All primary fermentation tubes showing gas accumulation after 24 to 48 hours were subjected to confirmation test. The tubes were gently shaken and one loopful of culture was transferred aseptically to a fermentation tube containing 10ml of Brilliant Green lactose broth (Lab M, England) with inverted Durham tubes. The tubes were incubated at 35oC for 48 hours. Formation of gas in the inverted tubes within 48 hours confirmed coliform bacteria.
iii. Completed test: This involved double confirmation in Brilliant Green lactose broth for total coliforms and EC medium (Lab M, England) for faecal coliforms. One loopful of culture from the primary fermentation tube was again taken and placed in the Brilliant Green lactose broth and incubated at 35oC for 24 hours. At the same time, one loopful was also taken and placed in theEC medium containing inverted Durham tubes and incubated in a water bath at 44.5oC for 24 hours. Accumulation of gas in the inverted tubes after 24 hours confirmed the presence of faecal coliforms.
All brilliant green lactose broth fermentation tubes showing gas production were streaked on to Endo agar as soon as gas was produced, in a manner to obtain discretely separated colonies using the curve of a bent inoculating needle. The plates were incubated at 35oC for 24 hours. All typical colonies (golden-green, nucleated, with or without metallic sheen) were transferred into Lauryl tryptose broth and nutrient agar slant and incubated at 35oC for 24 hours. The agar slants

corresponding to the tube showing gas production after 24 hours of incubation were subjected to Gram staining and microscopic examination. Observation of Gram-negative, non-spore-forming, rod-shaped bacteria with production of gas in lauryl tryptose broth within 48 hours confirmed coliform bacteria.
d. Faecal Streptococci Count

The multiple tube dilution technique as described in Standard Methods (APHA, 1998) was used. Serial dilutions of water samples were made from 10-1 to 10-3. Decimal volumes of 1ml and 0.1ml of each dilution were aseptically transferred to quintuplicates of 10ml aliquots of sterile Azide dextrose broth (Oxoid, England) and incubated at 35oC. They were examined for turbidity between 24 to 48 hours. Tubes showing turbid growth were confirmed by streaking on Aesculin- azide agar (Oxoid, England) and incubated at 35oC for 24 hours. Any plate which showed brownish-black colonies with brown halo was further confirmed by a negative catalase test.
The estimation of coliform (total and faecal) and faecal streptococci counts was determined by making reference to standard tables for computation of Most Probable Number and reported as MPN/100ml. The value obtained was multiplied by the dilution factor to get the actual level of the bacteria in the water.
e. Selected General Biochemical Tests

i. Catalase test: This test was used to differentiate between catalase producing Staphylococci and non-catalase producing Streptococci species. The procedure described by Cheesbrough (2006) was employed. 3% hydrogen peroxide solution was poured on cultures of isolates grown on agar slants. Rapid evolution of gases indicates catalase production.

ii. Oxidase test: This was performed by smearing colonies of the isolates on filter paper soaked with oxidase reagent (Cheesbrough, 2006). Development of blue-purple colour within few seconds indicates positive test.
iii. Coagulase test: This test differentiates between coagulase producing Staphylococcus aureus and non-coagulase producing members of the Staphylococci like S. epidermidis and S. saprophyticus. The slide method was employed using human plasma (Cheesbrough, 2006). With the aid of microscope, formation of floccules was observed. Only coagulase positive isolates produced clumping.
f. Isolation and Identification of selected Water-borne Bacteria

One milliliter (1ml) of stock samples were mixed with 9ml of buffered peptone water as pre- enrichment and incubated at 35oC for 24 hours. The fresh culture was then streaked on several selective media: Mannitol Salt Agar, Cetrimide Agar, MacConkey Agar, Salmonella-Shigella Agar and Deoxycholate Citrate Agar (Lab M, England).
i. Isolation of Staphylococcus species

Isolates growing on Mannitol Salt Agar with distinct golden yellow pigmentation were sub- cultured on Nutrient agar slant for final identification using the MICROBACT 12 S identification kit (Oxoid Ltd, England).
ii. Isolation of Streptococcus species

Isolates with turbid growth in Azide dextrose broth (Oxoid Ltd, England) at 35oC for 24 hours were further streaked on Aesculin azide agar (Lab M, England) and incubated at 35oC for 48 hours. Catalase negative, brownish-black colonies with brown halo were identified asStreptococcus faecalis or Enterococcus faecalis as recently called.

iii. Isolation of Bacillus species

Large (4 - 10µm) isolates on heterotrophic plate count agar were Gram stained. Gram positive, spore-bearing, rod-shaped isolates were identified as Bacillus species.
iv. Isolation of Pseudomonas species

Isolates showing green or brownish pigments on Cetrimide agar were Gram stained. Those that were Gram negative were placed on Nutrient agar slant for final identification using ID 32E kit (BioMerieux, France).
v. Isolation of Salmonella species

One milliliter (1ml) of the pre-enriched culture was added into 9ml Selenite-F broth for selective enrichment as recommended by Kent et al. (1981). This was plated out on Salmonella-Shigella agar and Deoxycholate citrate agar (Lab M, England) simultaneously. All non-lactose fermenters were isolated on Nutrient agar slant for final identification using the ID 32 E kit.
vi. Isolation of Shigella species

Two millilitres (2ml) of the pre-enriched culture were inoculated onto 8ml Selenite-F broth and incubated at 37oC for 24 hours. A loopful of the broth culture was streaked on MacConkey agar (Lab M, England) and incubated at 37oC for 24 hours.All non-lactose fermenters were isolated on Nutrient agar slant for final identification using the ID 32 E kit.
vii. Identification of Enterobacteriaceae and Other non-fastidious Gram negative Rods

The ID 32 E strip, a standardized system for the identification of Enterobacteriaceae and other non-fastidious Gram-negative rods, which uses 32 miniaturized biochemical tests was used following strictly the manufacturers‘ procedures.Young culture (18 to 24 hours old) isolated on selective media was inoculated into 2ml of 0.85% NaCl to produce an homogenous suspension with a turbidity equivalent to 0.5 McFarland standard. Using a sterile electronic pipette, 55µl of

the suspension was carefully dispensed into each cupule of the strip. Cupules of Ornithine decarboxylase (ODC), Arginine dihydrolase (ADH), Lysine decarboxylase (LDC), Urease (URE), L-Arabitol (LARL), Galacturonate (GAT), 5 Ketogluconate (5KG) were covered with 2 drops of sterile mineral oil (Oxoid, England). The strip was labeled on the elongated flap of the strip, covered and incubated at 37oC for 24 hours in aerobic condition. A humid atmosphere was created in the incubator by placing a receptacle containing a small volume of water to prevent the tests from drying out. On removal from the incubator, 1 drop of Kovac‘s (James‘) reagent (Oxoid, England) was added to Indole (IND) cupule before reading the result on the strip. The result was recorded in the result sheet provided by the manufacturer. This was converted to 11- digit numerical figures which were fed into APIWEB (BioMerieux, France)identification software which gives the name of the organism. The outline of the process is presented in Figure 3.2.
viii. Identification of Staphylococcus species

To prepare the inoculums, 2-5 isolated colonies were picked from an 18-24 hour pure culture and emulsified in 3ml of staphylococcal suspending medium. This was mixed thoroughly to prepare a homogeneous suspension. In order to inoculate, a test strip was removed from its foil pouch and placed in the holding tray and then labeled appropriately. The lid was removed from the test strip and a sterile Pasteur pipette was used to add 4 drops (100 µl) of the bacterial suspension to each well. Well number 7, arginine was overlaid with 2 drops of Mineral Oil. The lid was replaced and the test strip incubated for 18 - 24 hours at 37oC aerobically. (To test its purity, 1 drop of the inoculum was placed onto TSA agar, a non-selective medium, and incubated at 37oC for 18 – 24 hours. Tests with growth indicating that the inoculum was not pure were repeated).

One drop of Fast Blue reagent was added to well number 12 of the test strip after incubation. Colour changes were noted and recorded on report form provided by the manufacturer of the strip. These were converted to numeric codes which were entered into Microbact software for identification interpretation. The outline of the process is presented in Figure 3.3.

[image: ]


Fig. 3.2: Schematic illustration of method of identification using the ID 32 E strip (BioMerieux, SA, France)


[image: ]



Fig. 3.3: Schematic illustration of method of identification using the Microbact Staph 12S strip (Microbact, Oxoid Ltd., Basingstoke, England).

g. Determination of the Antibiotics Susceptibility Profiles of the Isolates

The disc diffusion method described in the Clinical and Laboratory Standards Institute (CLSI, 2009) was employed for the evaluation of the susceptibilities of the isolates to various test antibiotics while the well diffusion method was employed for the disinfectants. Susceptibilities of the isolates were tested against eleven (11) antibiotics namely, ampicillin (10µg), cefuroxime (30µg), ceftazidime (30µg), ceftrixone (30µg), erythromycin (30µg), gentamicin (10µg), amoxycillin/clavulinate (30µg), cloxacillin (5µg), ciprofloxacin (5µg), ofloxacin (5µg) and nitrofurantoin (300µg). All discs used were obtained from Oxoid Ltd (England). The disinfectants used were Dettol® (chloroxylenol, 5%v/v), Izal® (saponated cresol, 0.5%v/v) and Savlon® (chlorhexidine/cetrimide, 6%v/v).
i. Agar Disc Diffusion Test

The procedure in the Clinical and Laboratory Standards Institute (CLSI) standard for the modified Kirby-Bauer method (CLSI, 2009) was used. Overnight cultures of the bacterial isolates on nutrient agar was suspended in sterile normal saline (0.9%w/v NaCl) and adjusted to a turbidity equivalent to 0.5 McFarland Standard. The culture was spread evenly on the surface of dried Mueller Hinton agar with sterile cotton swab. The antibiotic discs under test were placed firmly on the surface of the agar using sterile forceps. The plates were allowed to stand for an hour to enable the antibiotics diffuse into the agar and incubated thereafter at 35oC for 24 hours (Mill-Robertson et al., 2003). The diameters of zone of inhibition were recorded and the result interpreted using CLSI guidelines (CLSI, 2009). Isolates were classified as;
[image: ]   Sensitive, if the observed diameter of zone of inhibition was equal to or greater than the CLSI recommended diameter (mm) for sensitive category.

[image: ]   Resistant, if the observed diameter of zone of inhibition was less than or equal to the CLSI resistant limit (mm) and
[image: ]   Intermediate, if the observed diameter of zone of inhibition was between resistant and sensitive limits set by CLSI.

h. Determination of Multiple Antibiotics Resistance (MAR) Index

Method of Krumperman(1983) and Paul et al.(1997) was employed. The Multiple Antibiotic Resistance (MAR) index was determined for each resistant bacterium isolate by dividing the number of antibiotics to which the isolate was resistant by the total number of antibiotics tested.
i. Determination of Minimum Inhibitory Concentration (MIC) of the Disinfectantsagainst the Isolates
The MICs of the disinfectants used against the isolates were determined using the serial dilution technique(Bloomfield 1994).
Stock solutions of the disinfectants were prepared. Twelve (12) tubes containing 1ml sterile peptone water were serially arranged. Into tube 1 and 2 was introduced 1ml of the disinfectant from the stock. Serial dilution was carried out from tube 2 to the last tube in such a way that each new dilution has 50% less of the disinfectant. Standardized overnight culture of the isolates (containing approx.106 cfu/ml) were then inoculated into the tubes and incubated at 35oC for 24 hours. Positive and negative controls were equally set up. The MICs of the disinfectants were then determined based on the patterns of growth in the tubes after incubation.
ii. Agar Well Diffusion Method

Test organisms were streaked on Mueller Hinton agar as described in Agar disc diffusion test. Sterile cork borer No. 5 (8mm) was used to make holes on the agar with the bottom partly covered with molten agar to prevent draining of the disinfectants. Electronic micropipette was

used to dispense 40µl of the test disinfectants into the holes and allowed to diffuse for 1 hour. Controls were equally set up. All plates were incubated at 37oC for 18-24 hours.
The diameters of the zones of inhibition were measured with ruler and recorded in millimeter (mm). The zones of inhibition of concentrations equivalent to the MIC, half MIC, one and half and twice MIC were then determined on Mueller Hinton agar from which a graph of concentration against diameters of zones of inhibition were plotted. The isolates were classified as sensitive or resistant to the disinfectant if the zone of inhibition against the used concentration is greater or less than zones obtained against the MIC concentration respectively.
3.3.3 [bookmark: _TOC_250000]Molecular Analysis of resistant organisms

The molecular characterization of resistant isolates was carried out at DNA Labs, Kaduna and it involved the following steps.
Bacterial cell preparation

Bacterial cells were prepared using the method described by Dubey (2009). Single colonies were picked from freshly grown isolates on MacConkey plate, inoculated into 5ml Luria Bertani (LB) broth medium and incubated overnight at 37oC for 18 – 24 hours. Young cells were then harvested in eppendorff tube by centrifugation at 4oC, 8000rpm (6800xg) in a refrigerated micro- centrifuge for 30 seconds. The supernatants were decanted and cells harvested.
DNA extraction

DNA extraction of the bacterial cells was carried out by using a DNA extractionkit (QIAamp DNA mini kit; Qiagen K.K., Tokyo, Japan). Heating block was first set at 60oC before starting the extraction. Into a 2ml tube was added 200µl of the bacterial cells in liquid medium. Four hundred microliter (400µl) of lyses buffer and 10µl of proteinase K were added to the sample and the tube was placed on heat block at 60oC for minimum of 1 hour. Four hundred microliter

(400 µl) of phenol chloroform (1:1) was added to the lysate and vortexed briefly. The mixture was spinned at 10000rpm for 10 minutes to separate the phases. The upper layer was carefully removed with a pipettewithout taking the white interphase which contained the DNA. For the second time, 400µl of chloroform was added to the remainder and vortexed briefly. The mixture was spinned again at 10000rpm for 10 minutes to separate the phases and the upper layer was carefully removed without taking the white interphase. To the remainder,was added 400µl of 100% ethanol and 20µl of 3M sodium acetate. This was mixed by inverting the tube several times and the tube was incubated at –20oC overnight. On the following day, the tube was spinned at maximum speed for 10 – 30 minutes in refrigerated centrifuge and the ethanol was removed. Four hundred microliter (400µl) of 70% cold ethanol was added and spinned at maximum speed for 5 minutes at 4oC to precipitate the DNA because DNA is not miscible in alcohol. This step was repeated again to get more DNA precipitated and the salt totally removed. All traces of ethanol was removed by spinning the tube for 30 seconds at high speed and the DNA was dry out by leaving the tube open for 3 – 10 minutes. The pellet was re-suspended in 50µl sterile water for further analysis. Presence of DNA was confirmed by electrophoresing on an agarose gel containing ethidium bromide dye and checking under UV light.
Polymerase chain reaction

Amplification of resistant DNA fragments was performed using Applied Biosystems Taq DNA polymerase (Courtaboeuf, France) which is a Multiplex PCR kit.For reaction set-up, the PCR tube was placed on an ice pack and the following items were added to each isolate for single reaction: (a) Taq polymerase master mix (b) primers (forward and reverse) (c) template DNA and (d) distilled water. Five primers with known molecular weights were used to amplify DNAs from thirteen bacterial isolates to determine which bacteria gave PCR amplicons of the same size

as the primer. Primers used in the multiplex PCR are listed in Table 3.1 below. The set-up was loaded on a PCR machine, PTC-100, Programmable Thermal Controller (M J. Research, Inc., USA). Thermocycling conditions for 35 cycles except for pre-denaturation and final extension were as follows: pre-denaturation at 95oC for 5 minutes; denaturation at 95oC for 30 seconds; optimized annealing temperature for 30 seconds at 52oC; extension for 1 minute at 72oC followed by a final extension at 72oC for 5 minutes. PCR products were resolved by gel electrophoresis. The process was repeated for other isolates.


Table 3.1: PRIMERS FOR ANTIBIOTIC RESISTANCE GENES

	S/ N
	Primer name
	Sequence  (5ʹ→3ʹ )
	Target region
	PCR
product size (bp)
	Anneali-
ng temp (oC)
	References
	Antibiotics resistance To

	1
	TEM-F

TEM-R
	ATTCTTGAAGACGAAAGGGC

ACGCTCAGTGGAACGAAAAC
	blaTEM
	1,150
	60
	Belaaouaj et al., (1994)
	Beta-lactams

	2
	spvC-F

spvC-R
	ACTCCTTGCACAACCAAATGCGGA

TGTCTTCTGCATTTCGCCACCATCA
	spvC
	577
	-
	Ziemer and Steadham (2003)
	-

	3
	SHV-F

SHV-R
	CACTCAAGGATGTATTGTG

TTAGCGTTGCCAGTGCTCG
	blaSHV
	885
	52
	Pitout et al., (1998)
	Cephalosporins

	4
	AacC3-F

AacC3-R
	CACAAGAACGTGGTCCGCTA

AACAGGTAAGCATCCGCATC
	aac(3)-lll
	185
	60
	Van de Klundert and Vliegenthart, (1993)
	Gentamicin

	5
	QnrSm-F

QnrSm-R
	GCAAGTTCATTGAACAGGGT

TCTAAACCGTCGAGTTCGGCG
	qnrS
	428
	54
	Cattoir et al., (2007)
	Quinolone
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Agarose gel electrophoresis

To confirm that DNA has actually been extracted, the DNA suspensions were subjected to agarose gel electrophoresis as follows: One percent (1%) agarose gel was prepared by dissolving 1g of agarose powder in 2ml of ten times concentration of Tris acetate ethylene diamine tetra acetate (TAE) buffer and 98ml distilled water in a 250ml beaker. This was heated in a microwave to dissolve the agarose. The gel was stained with 20µl of 5ml ethidium bromide dye and mixed. The gel was cast onto a gel electrophoresis tank with the combs inserted at the red bands to ensure easy view of the well and was allowed for 30 minutes to solidify. The casting combs were removed and 5µl of gel tracking dye (bromophenol blue) plus 15µl of the PCR products(making 20µl) were gently mixed and loaded into the well with the standard (Bioneer, 100 bp Plus DNA Ladder, Alameda, USA). The electrophoresis tank was covered and the electrodes connected to the power source for separation of sample based on molecular weight from cathode (-) to anode (+) at 100 mV for 45 minutes. At the completion of the electrophoresis, the gel was removed and viewed under a trans-illumination UV light (Gel Doc, Italy). The band pattern of the DNA fragments was then pictured and documented.
3.3.3 Physicochemical Analysis of the Water Samples

Physicochemical analysis of water samples was carried out at the Central Laboratory, Usmanu Danfodiyo University, Sokoto.
a. pH Determination

Electronic pH meter (Jenway 3015, Staffordshire, UK) with a combined electrode was used to read pH values. Known buffer solutions of pH 4 and pH 9 were prepared and used to calibrate the equipment. Having immersed the electrode in 25ml of water sample, the pH readings(2 readings per sample) of the water sample were taken after stabilization.
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b. Conductivity Measurement

Conductivity values (µS) of the water sample were measured using conductivity meter (ADWA AD 32, Mauritius). The electrode after being washed with distilled water was placed in a beaker containing 25ml of water sample. Two sets of readings were taken for each sample.
c. Temperature Measurement

The temperatures of the water samples were measured using a temperature measuring meter(ADWA AD 32, Mauritius). Readings were taken by dipping the electrode in the water on site and after stabilization. An average of two separate readings was taken as temperature reading per site.
d. Determination of Total Solids

Total Solidof the water samples was determined using weighing method (APHA, 1998). The initial weight (W1) of an evaporating dish was measured using a laboratory digital balance (Adams, USA) after being heated in a hot air oven at 105˚C for 1 hour and cooled in a desiccator. 100 ml of water sample was added into the dish and boiled over a steam bath to dryness. The residue in the dish was further heated for one hour in an oven at 1050C, cooled and weighed until successive weighing gave the same result and this was recorded (W2). Total solid in the sample was calculated using the formula:
Total Solid (mg/l) = (W2 − W1) × 100	equation

e. Determination of Total Suspended Solids

Whatman filter paper rinsed in distilled water was dried in an oven at 105˚C for one hour and cooled in a desiccator. Its weight (W1) was determined using a weighing digital balance. 100 ml of water sample was filtered through the paper and dried at 105˚C for one hour. The weight

(W2) of filter paper containing the residue was recorded and the total suspended solids calculated using the formula:Total Suspended Solids (mg/l) = (W2 − W1) × 100………equation
f. Determination of Total Dissolved Solids

Amount of total dissolved solids (TDS) of the water sample was determined by subtracting the values of the total suspended solids (TSS) from the corresponding total solids (TS) of the samples. This is represented mathematically thus:
TDS (mg/l) = TS – TSS	equation

g. Determination of chlorides Level

[image: ][image: ][image: ]Chloride levels of the water samples were determined by argentometric method (APHA, 1998). One milliliter (1ml) of potassium chromate indicator was added into 50 ml of water sample and titrated with silver nitrate solution, until a brick red colour appeared. The blank titration was also carried out by replacing the water sample with distilled water. Chloride values were calculated using equation

where, A = Volume of silver nitrate for water sample B = Volume of silver nitrate for blank.
h. Determination of Total Alkalinity

Alkalinity values of water samples were determined by titration methods (APHA, 1998). To 50 ml of the water samples in clean 150 ml conical flask were added 3 drops of phenolphthalein indicator. The samples were titrated with 0.05M H2SO4, until the colour disappeared. To the colourless solution, 3 drops of methyl orange indicator were added and titrated further until the colour change from yellow to permanent reddish or orange red colour and the titre values were recorded and used to compute the alkalinity.




[image: ]where, A = Volume of sulphuric acid used.

i. Determination of Phosphate Content

Phosphates were determined by colorimetric method (APHA, 1998). To 2ml aliquot of the water sample in a 25 ml volumetric flask was added one drop of phenolphthalein indicator followed by 2 ml of ammonium molybdate and then 1 ml of freshly diluted stannous chloride solution.
[image: ][image: ][image: ][image: ]These were made up to 25 ml volume with distilled water and mixed thoroughly. After 5 - 6 minutes and before 20 minutes, the colour intensity (absorbance) was measured at a wavelength of 660 nm in a Spectrophotometer (OPTIMA SP 300, U.K.). Phosphate values were determined using equation:
   

where, A = Absorbance,
D = Dilution factor.
j. Determination of Sulphate Content
Sulphate contents of water samples were determined by Gravimetric/Turbidimetric method using BaCl2 as precipitant. 50ml of the sample were measured into a 250ml beaker, and diluted to 150 ml with distilled water. 1ml HCl (concentrated) and 4 drops of methyl orange indicator were added. 10 ml of 10% Barium chloride solution were added and then boiled for 5 minutes. These were left overnight and then filtered using filter-paper. Distilled water was used to rinse the filter paper to make it free from chloride. The filter paper was dried at 80˚C in an oven, ignited at 800oC in a furnace (Lenton furnaces, England) for 1 hour, cooled in a desiccator and weighed.

[image: ]The igniter cooling and weighing were repeated to give constant value. Sulphate content of the water sample was then calculated using equation:

k. Determination of Ammonia and Nitrate

These values were determined by modified Kjeldahl method (Bremner and Mulvaney, 1982). For nitrate, 50 ml of water sample and 4 ml of salicylic acid/sulphuric acid were added in the digestion flask and swirled thoroughly to achieve homogenous mixture. 0.5 g of sodium thiosulphate was added and the mixture was heated cautiously until frothing has ceased. 1.1 g of potassium sulphate catalyst mixture was added and heated until the digestion mixture became clear. The mixture was boiled for up to 2 hours. It was ensured the temperature did not exceed 400˚C. The digested mixture was allowed to cool and 20 ml distilled water was added slowly while shaking. 10 ml of boric acid was added, diluted with 20 ml distilled waterand the flask was placed under the condenser of the distillation apparatus. 20 ml of sodium hydroxide was added through the funnel of the apparatus.
[image: ]About 50 ml of condensate was distilled and a few drops of Boric acid indicator added. This was titrated with 0.01 mol/L sulphuric acid to a violet end point. The titre values were recorded and used to calculate nitrate content.
[image: ]

where Tv = titre value

Ammonia values were similarly determined without adding Potassium sulphate catalyst mixture using:

[image: ]    

[image: ]where Tv = titre value.

l. Determination of Level of Hardness

[image: ]Titration method was used to determine total hardness of the water samples (APHA, 1998). The water sample was thoroughly shaken and 25 ml was taken and diluted to 50 ml with distilled water. 2 ml of Phosphate buffer solution was added to bring the pH of the water sample to 10. Three (3) drops of eriochrome black indicator was also added. This was titratedagainst 0.01M EDTA to a blue colour end point. Total hardness was then calculated using:

where, Tv = titre value and
0.01 = EDTA Concentration.
m. Determination of Dissolved Oxygen (DO)

Levels of dissolved oxygen (DO) were determined using Azide modification of Winkler‘s method (APHA, 1998). 200 ml of water sample was carefully transferred into a 300 ml BOD bottle. 1 ml of manganese sulphate solution was added followed by 1 ml of alkaline azidade reagent. The resulting mixture was titrated against 0.025 N sodium thiosulphate to the end point where there was colour change. The titre value was recorded as DO.
n. Determination of Biochemical Oxygen Demand (BOD)

Biochemical Oxygen Demand, the amount of oxygen required by bacteria to decompose organic matter in an aerobic condition, was determined using Azide modification of Winkler‘s method. The procedure in determiningdissolved oxygen above was repeated and the DO recorded on day one was named Do. Another BOD bottle was similarly prepared and incubated at 20˚C for 5 days in the dark. On the completion of 5 days, the bottle was decanted of water and to the precipitate

[image: ]was added 2 ml of orthophosphoric acid. This was shaken gently and titrated with sodium thiosulphate to the end point where there was change in colour. The titre value wasrecorded as dissolve oxygen on day five (D5). BOD was then calculated as difference between the dissolve oxygenon day one and that on day five using the formula:

where, D0 = dissolved oxygen of sample immediately after preparation D5 = dissolved oxygen of sample after 5 days of incubation
f = ratio of seed in diluted sample to seed in seed control P = Decimal volumetric fraction of sample used.
o. Determination of Chemical Oxygen Demand (COD)

[image: ]Chemical oxygen demand (COD) was determined as described in StandardMethods (APHA, 1998). To 50 ml of the water sample in a reflux flask was added 10 ml potassium dichromate solutionwith 1g mercuric sulphate and thoroughly mixed. Four sterile glass beads were added to control the boilingof the solution. 10 ml concentrated sulphuric acid containing silver sulphate was added carefully through theopen end of the condenser and mixed by swirling. The reflux apparatus was ran for 1 hour and allowed to cool.The flask was removed and its content diluted to 150 ml with distilled water. To the resulting solution was added3 drops of ferroin indicator. This was titrated with standard ferrous ammonium sulphate to an end pointwhere blue-green colour just changed to reddish-brown. A blank with 50 ml distilled water in place of watersample was treated equally and the chemical oxygen demand (COD) was then calculated using the equation:

where, VA= volume of ferrous ammonium sulphate used for blank VB= volume of ammonium sulphate used for water sample
VS= volume of water sample taken and

C = molarity of ferrous ammonium sulphate.

3.3.5 Elemental Analyses of Water and Bottom Soil Sediments of River Sokoto Elemental analysis of the water samples and bottom soil sediments collected in clean plastic containers, from various sampling points of River Sokoto and its tributary were carried out with Atomic Absorption Spectrometer (AAS) at the Multi-User Science Research Laboratory (MUSRL), Ahmadu Bello University, Zaria, according to the method of Martin et al., (1994). Water and soil sediment samples were first subjected to acidification by adding 3 drops of nitric acid to 100ml of the sample.
To determine the concentration of metal ion in the water sample, a cathode lamp with the cathode made of the metal to be tested for, emits light of a certain frequency. The light produced by the lamp passed through the water sample and vapourized. The degree of light absorption (absorbance) is proportional to the concentration of the metal in the sample and this is measured by a photomultiplier tube. The absorbance was then compared to that of a series of diluted standard solutions in order to determine the concentration by using a calibration graph which is a straight-line graph. Elements other than Na and K were determined with Fast Sequential Atomic Absorption Spectrometer, VARIAN AA 240 FS. Bottom soil sediments were also similarly analysed.Na and K were determined with Flame Photometer JENWAY, Model-FPF 7.

CHAPTER FOUR RESULTS
4.1 Bacteriological Analysis of Water Samples from River Sokoto

The heterotrophic plate counts (HPC), total coliforms (TC), faecal coliforms (FC) and faecal streptococci (FS) counts of water samples collected from River Sokoto and its drainage stream for the sampling period between January and December, 2014 are presented in Fig 4.1 – 4.4. Figure 4.1 represents bacteria counts in mid-dry season of 2013 and 2014, figure 4.2 is a plot of counts in May 2014 representing the early onset of the rain, figure 4.3 counts in mid-rain season and figure 4.4 in November 2014 are counts of the onset of dry season. They represent different periods of the two seasons (dry and rainy seasons).As shown in the figures, site P1 recorded the highest heterotrophic and total coliforms counts during the sampling periods with highest count in July, 2014. On the other hand, lowest heterotrophic and coliform counts were recorded at site P4;this is the point whereeffluents from Sokoto Cement Factory entered into River Sokoto.
One way ANOVA Post Hoc test on Table 4.1 shows general high level heterotrophic bacterial counts. P4 samples have values significantly lower than the values in P3 used as control (site close to residents) while P1 samples relatively have values significantly higher than P3 samples through out the year.
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Key:
P1 = Site 2 km away from farmland	P6 = Site 2 km away from P5 on the river
P2 = Site close to farmland	HPC = Heterotrophic Plate Count
P3 = Site close to residents			TC = Total Coliform Count P4 = Site on stream drainage from Cement Factory		FC = Faecal Coliform Count P5 = Site on stream drainage when entering river	FS = Faecal Streptococci Count


Fig 4.1: Heterotrophic Bacteria and Coliform Counts of River Sokoto Water at Different SamplingPoints in January, 2014.
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Key:
P1 = Site 2 km away from farmland	P6 = Site 2 km away from P5 on the river
P2 = Site close to farmland	HPC = Heterotrophic Plate Count
P3 = Site close to residents		TC = Total Coliform Count P4 = Site on stream drainage from Cement Factory	FC = Faecal Coliform Count P5 = Site on stream drainage when entering river	FS = Faecal Streptococci Count


Fig 4.2: Heterotrophic Bacteria and Coliform Counts of River Sokoto Water at Different Sampling Points in May, 2014.
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P1 = Site 2 km away from farmland	P6 = Site 2 km away from P5 on the river
P2 = Site close to farmland	HPC = Heterotrophic Plate Count
P3 = Site close to residents		TC = Total Coliform Count P4 = Site on stream drainage from Cement Factory	FC = Faecal Coliform Count
P5 = Site on stream drainage when entering river	FS = Faecal Streptococci Count


Fig 4.3: Heterotrophic Bacteria and Coliform Counts of River Sokoto Water at Different SamplingPoints in July, 2014.
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Key:
P1 = Site 2 km away from farmland	P6 = Site 2 km away from P5 on the river
P2 = Site close to farmland	HPC = Heterotrophic Plate Count
P3 = Site close to residents		TC = Total Coliform Count P4 = Site on stream drainage from Cement Factory	FC = Faecal Coliform Count P5 = Site on stream drainage when entering river	FS = Faecal Streptococci Count


Fig 4.4: Heterotrophic Bacteria and Coliform Counts of River Sokoto Water at Different SamplingPoints in November, 2014.

Monthly Microbial Counts

Monthly microbial counts at the different sampling points presented in Figs 4.5 and 4.6, showed that the month of July (which was the peak of rainfall) recorded highest values for HPC, TC, FC, and FS, while the month of December/January (which is the peak of dry season) had lowest counts. The increase in microbial counts observed in the rainy season was more pronounced for HPC and TC, and also at sampling point P4, compared with values at P1.
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Fig 4.5:Monthly Bacteria count at P1 with highestFaecal Coliform from January to December, 2014.
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Fig 4.6:Monthly Bacteria count at P4 with leastFaecal Coliform from January to December, 2014.


Table 4.1: One Way ANOVA Post Hoc Test of Mean Heterotrophic Bacteria Count at different sampling sites on River Sokoto
	
Site
	
	
	
	
	
	
Mean ± Standard Deviation
	
	
	
	

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	
P1
	
130000 ±
18027.8+
	
200000 ±
52915.0+
	
300000 ±
50000.0+
	
30200 ±
2000.0+
	
345000±
5000.0+
	
53600 ±
6557.4+
	
820000±
20000.0+
	
60200 ±
2645.8+
	
475000±
5000.0+
	
380000 ±
20000.0+
	
349000 ±
6000.0+
	
275000 ±
5000.0+

	P2
	98000
±2000.0
	113000±2
000.0-
	280000 ±
.0+
	12800
±2000.0-
	291000 ±
1000.0+
	39200
±2000.0+
	703330±
5773.5+
	48900
±3464.1+
	380000±
20000.0+
	276000±4
000.0
	264000±4
000.0+
	132000±2
000.0

	P3
	92000±20
00.0C
	182000
±2000.0 C
	165000
±5000.0C
	19700 ±
.0C
	248330 ±
6506.4C
	38033±5
77.4C
	605670
±6027.7C
	42000
±10000.C
	302000±
3605.6C
	264000±4
000.0C
	192000±
.0C
	120000±
10000.0C

	P4
	18000±30
00.0-
	19000±20
00.0-
	39000±80
00.0-
	42000 ±
.0-
	95000 ±
1000.0-
	360000 ±
.0-
	384000
±2000.0-
	220000 ±
.0-
	196000±
2000.0-
	162000±
.0-
	98000
±2000.0-
	85000± .0-

	P5
	100000 ±
18000.0
	145000 ±
13228.8
	81000±
59101.6-
	28600
±4000.+
	126330 ±
1527.5-
	36833±5
77.4-
	420000 ±
17320.5-
	302000
±2000.0-
	300000±
.0
	194000±4
000.0-
	180000±5
000.0-
	110000±
10000.0

	P6
	120000 ±
20000.0+
	175000 ±
22912.9
	282000 ±
19078.8+
	28200
±2000.+
	332000 ±
2000.0+
	48600 ±
1000.0+
	805330
±7571.9+
	573000
±2645.8+
	426000±
5291.5+
	300000±
21794.5+
	275000±
10000.0+
	180000±
20000.0+


Key
C=control variable
+ = significantly higher than control
- = significantly lower than control Blank = no significant difference Level of significance = P ≤ 0.05
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Faecal Coliform and Faecal Streptococci Analysis of the Water Samples

The FC/FS value which is often used to predict the likely source of feacal contamination of rivers and waste waters, shows that the major contamination source of River Sokoto was human (Table 4.2). The values varied at each site from one month to another and also from one sampling site to another. For example, at P1, January recorded highest value with July having the lowest ratio. On the other hand, comparison of FC/FS ratios on monthly values, showed that lowest values were obtained in three of the six sites in the month of January and the highest values were obtained in the month of July in four of the sampling sites.

 (
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Table 4.2:Monthly Ratio of Faecal Coliform and Faecal Streptococci at various sampling points on River Sokoto, 2014
	FC/FS Ratio at Sampling Sites

	Month
	P1
	P2
	P3
	P4
	P5
	P6

	January
	11.25
	10.91
	10.00
	9.00
	10.00
	13.64

	February
	10.00
	10.67
	13.33
	9.32
	11.67
	11.25

	March
	9.09
	10.00
	11.33
	12.50
	13.08
	10.00

	April
	8.68
	10.00
	10.00
	11.54
	11.25
	10.00

	May
	9.00
	11.36
	12.50
	11.25
	13.75
	8.33

	June
	8.00
	12.00
	13.18
	12.50
	15.00
	9.68

	July
	5.63
	16.15
	16.52
	13.00
	15.91
	13.13

	August
	7.55
	14.55
	12.86
	15.00
	12.50
	11.00

	September
	8.67
	11.50
	12.22
	12.00
	12.22
	8.62

	October
	8.21
	10.00
	10.63
	10.00
	10.67
	7.86

	November
	9.20
	10.00
	11.43
	10.00
	12.50
	7.20

	December
	7.50
	11.33
	10.00
	10.00
	12.00
	9.00

	Mean
	8.57
	11.54
	12.00
	11.34
	12.55
	9.98



Distribution of Bacterial Isolates

Table 4.3 presents the distribution of the bacteria isolated from the water samples of the river. A total of 434 bacteria organisms were isolated comprising nineteen different species. Among the Enterobacteriaceae, Escherichia coli had the highest percentage (11.98%) followed byEnterobacteraerogenes and Klebsiellapneumoniae subspecies pneumonia. Pseudomonas aeruginosaconstituted the majority of non-EnterobacteriaceaeGram-negative organisms.Staphylococcus aureus(6.91%) was the highest among the Gram-positive organisms followed byStaphylococcus saprophyticus(5.99%). Other isolates in significant numbers areStreptococcus faecalis, Bacillus subtilis, Elizabethkingiameningoseptica andAeromonassobria. Some Gram negative and Gram positive bacteria of aquatic habitat likeElizabethkingiameningoseptica,	Klebsiellaoxytoca,	Providenciarettgeri, Raoultellaornithinolytica, Staphylococcus cohnii subspecies urealyticusand Staphylococcus chromogenes were also isolated.


Table 4.3:Distribution and Percentage Frequency of Bacteria organisms isolated from Water Samples collected from River Sokoto and its Drainage Stream
	
Organisms
	
Number Isolated
	
% Frequency

	
Enterobacteriaceae
	
	

	Klebsiella pneumoniae subspecies pneumoniae
	38
	8.76

	Klebsiella oxytoca
	13
	3.00

	Enterobacter cloacae
	26
	5.99

	Enterobacter aerogenes
	38
	8.76

	Salmonella typhi
	28
	6.45

	Shigella flexneri
	23
	5.30

	Escherichia coli
	52
	11.98

	Providencia rettgeri
	13
	3.00

	Raoultella ornithinolytica
	26
	5.99

	Non-Enterobacteriaceae Gr-ve org
	
	

	Elizabethkingia meningoseptica
	26
	5.99

	Pseudomonas aeruginosa
	32
	7.37

	Aeromonas sobria
	24
	5.53

	Gram positive isolates
	
	

	Staphylococcus aureus
	30
	6.91

	Staphylococcus saprophyticus
	26
	5.99

	Staphylococcus epidermidis
	13
	3.00

	Staphylococcus cohnii subspecies urealyticus
	4
	0.92

	Staphylococcus chromogenes
	4
	0.92

	Streptococcus faecalis
	10
	2.30

	Bacillus subtilis
	8
	1.84

	Total
	434
	100






Antibiotic Susceptibility Profiles of the Isolated Bacteria

Tables 4.4 – 4.6 present the results of antibiotic sensitivity of the isolates to eleven antibiotics. Data presented in Table 4.4 show that most of the Enterobacteriaceae isolates (˃ 60%) were sensitive to ceftazidime, gentamicin, amoxycillin/clavulinate, the quinolones (ofloxacin, cloxacillin, ciprofloxacin) and nitrofurantoin. They were in most cases, less susceptible to the inhibitory activities of cefuroxime, erythromycin and ampicillin. There were notable variations among the various species in their susceptibility to the antibiotics. For example, while most of the E. coli isolates were generally susceptible to the cephalosporins, percentage of Klebsiella and Salmonella isolates susceptible to the same cephalosporins were significantly lower.




Table 4.4:Antibiotic Sensitivity Profiles of some Enterobacteriaceae Isolates from River Sokoto and its Drainage Stream


Percentage Sensitive (%)
	Antibiotics
	

	
	ECL
	KLO
	KLP
	ETC
	ETA
	SLT
	SGF
	PVR
	RLO

	
	(n=52)
	(n=38)
	(n=13)
	(n=26)
	(n=38)
	(n=28)
	(n=23)
	(n=13)
	(n=26)

	
Ceftazidime
	
80.77
	
52.45
	
53.77
	
90.77
	
84.95
	
53.57
	
84.21
	
76.15
	
50.00

	
Ceftriaxone
	
75.00
	
50.00
	
50.00
	
61.54
	
60.53
	
50.00
	
52.17
	
69.23
	
50.00

	
Cefuroxime
	
69.23
	
28.36
	
30.77
	
50.31
	
42.37
	
32.14
	
30.45
	
53.85
	
41.54

	
Erythromycin
	
44.23
	
50.00
	
53.85
	
50.00
	
46.84
	
39.29
	
52.17
	
53.85
	
50.00

	
Gentamicin
	
75.00
	
50.00
	
76.92
	
53.85
	
86.84
	
85.71
	
73.91
	
76.92
	
34.62

	Amoxycillin/ Clavulinate
	
68.39
	
89.47
	
92.31
	
100.00
	
97.37
	
58.00
	
78.87
	
92.31
	
90.77

	
Cloxacillin
	
55.00
	
71.05
	
69.23
	
80.77
	
84.21
	
53.57
	
61.30
	
76.92
	
65.39

	
Ampicillin
	
40.31
	
55.26
	
53.85
	
80.77
	
78.95
	
50.00
	
52.49
	
76.92
	
60.46

	
Ciprofloxacin
	
78.85
	
64.21
	
92.31
	
50.00
	
50.00
	
82.14
	
82.14
	
38.46
	
80.77

	
Ofloxacin
	
80.77
	
71.05
	
92.31
	
63.16
	
63.16
	
78.57
	
78.57
	
38.46
	
84.62

	
Nitrofurantoin
	
34.62
	
86.84
	
84.62
	
61.54
	
36.84
	
92.86
	
73.91
	
100.00
	
38.46

	

Key

ECL = Escherichia coli
	


KLO = Klebsiella oxytoca
	


KLP = Klebsiella pneumoniae

	ETC = Enterobacter cloacae
	ETA = Enterbacter aerogenes
	SLT = Salmonella typhi



SGF = Shigella flexneri	PVR = Providencia rettgeri	RLO = Raoultella ornithinolytica



Among the non-fermenting Gram-negative isolates (Table 4.5), Elizabethkingia meningoseptica were most susceptible to the various test antibiotics, with percentage ranging from 68.5% to 100% except with erythromycin, having 50% efficacy. The other isolates (Aeromonas sobria and Pseudomonas aeruginosa) were relatively less susceptible, particular to the cephalosporins, erythromycin and ampicillin.



Table 4.5: Antibiotic Sensitivity Profiles of Non-fermenting Gram Negative Organisms Isolated from River Sokoto and its Drainage Stream
	Percentage Sensitivity (%)

	Antibiotics
	ELM (n=26)
	ARS (n=24)
	PSE (n=32)

	Ceftazidime
	96.15
	50.00
	56.25

	
Ceftriaxone
	
80.77
	
50.00
	
50.00

	
Cefuroxime
	
69.23
	
40.00
	
45.88

	
Erythromycin
	
50.00
	
29.17
	
33.33

	
Gentamicin
	
80.77
	
79.17
	
90.63

	
Amoxycillin/Clavulinate
	
100.00
	
58.33
	
60.00

	
Cloxacillin
	
79.23
	
40.63
	
52.00

	
Ampicillin
	
68.46
	
29.17
	
46.88

	
Ciprofloxacin
	
92.31
	
83.33
	
71.63

	
Ofloxacin
	
84.62
	
75.83
	
71.63

	
Nitrofurantoin
	
76.92
	
62.50
	
46.88



Key

ELM = Elizabethkingia meningoseptica	ARS = Aeromonas sobria	PSE = Pseudomonas aeruginosa



The susceptibility profiles of the Gram-positive isolates are presented in Table 4.6.Staphylococcus cohnii were the most susceptible to the various test antibiotics, with percentage ranging from 75% to 100% except with cefuroxime, cloxacillin, ciprofloxacin and ampicillin, having 50% efficacy. The other isolates (Staphylococcus aureus, Staphylococcus saprophyticus, Staphylococcus epidermidis, Staphylococcus chromogenes, Streptococcus faecalis and Bacillus subtilis) were relatively less susceptible, particular to the cefuroxime, cloxacillin and ampicillin.






Table 4.6: Antibiotic Sensitivity Profiles of Gram Positive Bacteria Isolated from River Sokoto and its Drainage Stream
	
Antibiotics
	
	
	
Percentage Sensitivity (%)
	
	

	
	STA (n=30)
	STS (n=26)
	STC (n=4)
	STE (n=13)
	SCH (n=4)
	STF (n=10)
	BAS (n=8)

	
Ceftazidime
	
90.00
	
88.62
	
100.00
	
100.00
	
50.00
	
50.00
	
50.00

	
Ceftriaxone
	
90.00
	
84.46
	
75.00
	
84.62
	
50.00
	
30.00
	
30.00

	
Cefuroxime
	
56.67
	
50.00
	
50.00
	
61.54
	
25.00
	
20.00
	
25.00

	
Erythromycin
	
50.00
	
73.08
	
75.00
	
53.85
	
75.00
	
50.00
	
50.00

	
Gentamicin
	
83.33
	
57.69
	
75.00
	
84.62
	
75.00
	
90.00
	
75.00

	Amoxycillin/ Clavulinate
	
80.00
	
80.77
	
100.00
	
76.92
	
75.00
	
90.00
	
50.00

	
Cloxacillin
	
56.67
	
38.62
	
50.00
	
38.77
	
50.00
	
60.00
	
37.50

	
Ampicillin
	
40.00
	
34.46
	
50.00
	
30.46
	
25.00
	
50.00
	
25.00

	
Ciprofloxacin
	
63.33
	
80.77
	
50.00
	
61.54
	
50.00
	
60.00
	
50.00

	
Ofloxacin
	
93.33
	
92.31
	
75.00
	
92.31
	
100.00
	
70.00
	
50.00

	
Nitrofurantoin
	
83.33
	
80.77
	
100.00
	
76.92
	
75.00
	
80.00
	
75.00


Key

STA = Staphylococcus aureus	STS = Staphylococcus saprophyticus	STC = Staphylococcus cohnii

STE = Staphylococcus epidermidis SCH = Staphylococcus chromogenes	STF = Streptococcus faecalis

BAS = Bacillus subtilis




Multiple Antibiotic Resistance Indices of the Isolates

Multiple Antibiotic Resistance Index (MARI) is used to determine the degree of antibiotics usage in an area. MARIs for isolated organismsare presented in Table 4.7. Based on the eleven test antibiotics, isolates among Enterobacteriaceae showed excessive multiple drug resistant with highest percentages of MARI ≥ 0.2, ranging from 51.9% in E. coli to 91.3% in Shigella flexneri. On the other hand, partial multiple drug resistance was shown for non-fermenting Gram negative isolates (Elizabethkingia meningoseptica, Aeromonas sobria and Pseudomonas aeruginosa) with Pseudomonas aeruginosa having the highest percentage (37.5%). Gram positive organisms, in their own case, exhibited moderate multiple antibiotic resistance to the test antibiotics with % MARI ≥ 2 ranging from 46.2 in Staphylococcus epidermidis to 50% in Staphylococcus cohnii.






Table 4.7: MARI of Isolated Organisms from Water samples collected from River Sokoto and its DrainageStream
	Organisms
	% with MARI≥  0.2

	Escherichia coli (n = 52)
	51.92

	Klebsiellapneumoniae subspecies pneumonia (n = 38)
	31.58

	Klebsiellaoxytoca (n = 13)
	7.69

	Enterobacter cloacae (n = 26)
	42.31

	Enterobacteraerogenes (n = 38)
	60.53

	Salmonella typhi (n = 28)
	35.71

	Shigellaflexneri (n = 23)
	91.30

	Providenciarettgeri (n = 13)
	46.15

	Raoultellaornithinolytica (n = 26)
	38.46

	Elizabethkingia meningoseptica (n = 26)

Aeromonassobria (n = 24)
	11.54

16.67

	Pseudomonas aeruginosa (n = 32)
	37.50

	Staphylococcus aureus (n = 30)
	46.67

	Staphylococcus saprophyticus (n = 26)
	30.77

	Staphylococcus cohnii subspecies urealyticus (n = 4)
	50.00

	Staphylococcus epidermidis (n = 13)
	46.15

	Staphylococcus chromogenes (n = 4)
	25.00

	Streptococcus faecalis (n = 10)
	10.00



	Bacillus subtilis (n = 8)
	25.00






Susceptibility of Isolates to Some Disinfectants

Table 4.8 presents the mean minimum inhibitory concentrations (MICs) of isolated organisms against three commonly used disinfectantsnamelyDettol®(4.8%w/v chloroxylenol), Savlon® (0.3/3.0%w/v chlorhexidine/cetrimide) andIzal® (7%w/v saponated cresol) in the study area.
The table shows that majority of the Enterobacteriaceae had almost half of their total numbers resistant to all the three test disinfectants. Furthermore, the mean MICs of Dettol® and Savlon® were higher for Enterobacteriaceae compare with other Gram negative organisms with Enterobacteraerogeneshaving the highest values followed closely by Pseudomonas aeruginosa. Values ofIzal® for all the isolated organisms were close without much difference with Gram positive organisms (Staphylococcus epidermidis) having the least value. The MIC values of the test disinfectants against isolated organisms were generally lower than the recommended use concentrations of the disinfectants {Dettol® (5.0%v/v), Savlon® (6.0%v/v) and Izal® (0.5%v/v)}. Table 4.9 shows the percentages of bacteria isolates resistant to the test disinfectants at recommended			use		concentrations		–Dettol®(5.0%v/v),Savlon®(6.0%v/v) andIzal®(0.5%w/v).Isolates among Enterobacteriaceae were generally more resistant to the test disinfectants, but a Gram positive organism (Staphylococcus epidermidis) had the highest percentage resistance (53.85%) to Dettol®.On the other hand, non- Enterobacteriaceae Gram negative organisms (Elizabethkingia meningoseptica, Aeromonas sobria and Pseudomonas aeruginosa)	were	relatively	less	resistant	to	the	test	disinfectants.	Gram	positive organism(Streptococcus faecalis) recorded the least percentage resistance(10%) to Savlon®.








Table 4.8: Minimum Inhibitory Concentrations of Test Disinfectants on Isolates from River Sokoto and its Drainage Stream
	
Mean MICs of Disinfectants (for 50% of Isolates)

	Organisms
	Dettol® (5.0%v/v)
	Savlon® (6.0%v/v)
	Izal® (0.5%w/v)

	
Enterobacteriaceae
	
	
	

	Klebsiellapneumoniae (n = 38)
	0.63± 0.15
	0.19 ± 0.82
	0.13 ± 0.43

	Klebsiellaoxytoca (n = 13)
	0.63 ± 0.47
	0.75 ± 0.56
	0.25 ± 0.47

	Enterobacter cloacae (n = 26)
	0.63 ± 0.06
	1.50 ± 0.22
	0.13 ± 0.12

	Enterobacteraerogenes (n = 38)
	2.50 ± 0.07
	3.00 ± 0.38
	0.25 ± 0.09

	Salmonella typhi (n = 28)
	0.16 ± 0.11
	1.50 ± 0.31
	0.25 ± 0.08

	Shigellaflexneri (n = 23)
	0.63 ± 0.05
	0.38 ± 0.07
	0.13 ± 0.10

	Escherichia coli(n = 52)
	0.63 ± 0.04
	0.75 ± 0.09
	0.13 ± 0.05

	Providencia rettgeri (n = 13)
	0.16 ± 0.07
	1.50 ± 0.10
	0.13 ± 0.04

	Raoultella ornithinolytica (n = 26)
	0.31 ± 0.01
	1.50 ± 0.11
	0.25 ± 0.02

	Non-Enterobacteriaceae Gr-ve org
	
	
	

	Eliz.meningoseptica (n = 26)
	0.31 ± 0.02
	0.38 ± 0.07
	0.10 ± 0.03

	Pseudomonas aeruginosa (n = 32)
	1.25 ± 0.02
	3.00 ± 0.06
	0.25 ± 0.03

	Aeromonas sobria (n = 24)
	0.31 ± 0.02
	1.50 ± 0.07
	0.13 ± 0.02

	Gram positive isolates
	
	
	

	Staph aureus (n = 30)
	0.63 ± 0.01
	0.20 ± 0.05
	0.25 ± 0.01

	Staph saprophyticus (n = 26)
	0.16 ± 0.04
	0.20 ± 0.10
	0.13 ± 0.03

	Staph epidermidis (n = 13)
	0.31 ± 0.01
	0.38 ± 0.03
	0.10 ± 0.01

	Staph cohnii (n = 4)
	0.63 ± 0.04
	0.75 ± 0.03
	0.25 ± 0.08




	Staph chromogenes (n = 4)
	0.63 ± 0.10
	0.75 ± 0.24
	0.10 ± 0.31

	Strep faecalis (n = 10)
	0.16 ± 0.05
	0.19 ± 0.06
	0.13 ± 0.02

	Bacillus subtilis(n = 8)
	0.31 ± 0.01
	0.75 ± 0.03
	0.13 ± 0.01



Table 4.9: Percentages of Isolates from River Sokoto and its Drainage Streamresistant to the Disinfectants
	
Organisms
	
Percentages of Isolates Resistant

	
	Dettol®
(5.0%v/v)
	Savlon®
(6.0%v/v)
	Izal®
(0.5%w/v)

	
Enterobacteriaceae
	
	
	

	Klebsiella pneumoniae (n=3)
	50.00
	42.00
	50.00

	Klebsiella oxytoca (n=13)
	46.15
	38.46
	53.85

	Enterobacter cloacae (n=26)
	47.37
	30.77
	38.46

	Enterobacter aerogenes (n=38)
	50.00
	36.84
	42.11

	Salmonella typhi (n=28)
	46.43
	42.86
	42.86

	Shigella flexneri (n=23)
	43.48
	34.78
	52.17

	Escherichia coli (n=52)
	48.08
	46.15
	50.00

	Providencia rettgeri (n=13)
	46.15
	46.15
	46.15

	Raoultella ornithinolytica (n=26)
	30.77
	26.92
	38.46

	Non-Enterobacteriaceae Gr-ve org
	
	
	

	Elizabethkingia meningoseptica (n=26)
	30.77
	26.92
	50.00

	Pseudomonas aeruginosa (n=32)
	37.50
	25.00
	37.50

	Aeromonas sobria (n=24)
	47.37
	41.67
	37.50

	Gram positive isolates
	
	
	

	Staphylococcus aureus (n=30)
	46.67
	43.33
	43.33

	Staphylococcus saprophyticus (n=26)
	38.46
	30.77
	30.77

	Staphylococcus epidermidis (n=13)
	53.85
	46.15
	46.15




	Staphylococcus cohnii (n=4)
	50.00
	25.00
	25.00

	Staphylococcus chromogenes (n=4)
	50.00
	25.00
	25.00

	Streptococcus faecalis (n=10)
	20.00
	10.00
	30.00

	Bacillus subtilis (n=8)
	37.50
	25.00
	37.50



Molecular Analysis of Resisitant Bacteria

Results of molecular analysis of thirteen (13) resistant bacterial strains isolated from River Sokoto are presented in Plate 4.1 as shown below:




 (
571bp
 
SpvC
428bp
 
qnrS
185bp
 
aacC3
500bp
1000bp
2000bp
1150bp
blaTEM
)




Plate4.1:Agarose gel electrophoresis (1%) used for the separation ofmultiplex PCR products. M = molecular weightmarker (100 bp ladder; Bioneer, USA).











Table 4.10: Molecular Analysis of Resistant Bacteria Isolated from River Sokoto and its Drainage Stream
	
Lane
	
Isolate
	Number of Band
	Band Size (bp)
	Resistance	Genes Detected

	
1
	
Salmonella typhi
	
2
	
571; ˃ 10,200
	
spvC; Non-specific

	2
	E. coli
	4
	185;	300;	500;
˃10,200
	aacC3;Non-specific

	3
	Shigella flexneri
	2
	185; 490
	aacC3;Non-specific

	4
	Pseudomonas aeruginosa
	6
	428;	500;	571;
700; 1,150; 1,200
	blaTEM; spvC; qnrS

	5
	Staphylococcus aureus
	1
	428
	qnrS

	6
	Streptococcus faecalis
	3
	428; 500; 1000
	qnrS; Non-specific

	7
	Bacillus subtilis
	2
	428; 500
	qnrS

	8
	Enterobacter cloacae
	1
	185
	aacC3

	9
	Klebsiella oxytoca
	2
	300; 500
	Non-specific

	10
	Staph saprophyticus
	2
	185; 300
	aacC3; Non-specific

	11
	Providencia rettgeri
	2
	400; 428
	Non-specific; qnrS




	12
	Klebsiella pneumonae
	2
	185; 428
	aacC3;qnrS

	13
	Enterobacter aerogenes
	3
	185; 300; 600
	aacC3; Non-specific

	14
	-
	0
	-
	Negative control





Table 4.10 shows the molecular analysis of resistant bacteria isolated from River Sokoto and its drainage stream. Aminoglycoside resistance genes (aacC3) were detected in the majority of the isolates namely E. coli (lane 2), Shigella flexneri (lane 3), Enterobacter cloacae (lane 8), Staphylococcus saprophytica (lane 10) and Enterobacter aerogenes (lane 13). Virulence resistance genes (spvC) were detected in Salmonella typhi (lane 1) while quinolones resistance genes were detected in Staphylococcus aureus (lane 5), Streptococcus faecalis (lane 6), Bacillus subtilis (lane 7) and Providencia rettgeri (lane 11). Three different resistance genes namely β- lactam (blaTEM), virulence (spvC) and quinolones (qnrS) were found in Pseudomonas aeruginosa (lane 4) while two resistance genes (aacC3 and qnrS) were detected in Klebsiella pneumoneae (lane 12). However, non-specific resistance genes were detected in the majority of the isolates.

Physicochemical Analysis of Water Samples

Results of the physicochemical tests carried out on water samples from six different points on River Sokoto during dry and wet seasons are presented in Tables 4.11, 4.12 and 4.13. Table 4.11 presents physicochemical data of water samples collected in January, 2014, which represents the dry season while Table 4.12 presents physicochemical values of water samples collected in August, 2014 (representing the rainy season).
The pH values in water samples were generally alkaline during the dry season in all the sampling points but slightly acidic during rainy seasons with the exception of sampling point, P4 which

was neutral. Sampling point, P1 recorded the highest values for dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids (TDS) and total suspended solids (TSS) in both seasons.Sampling point, P4 recorded the highest electrical conductance value in rainy season but the least values of TDS and TSS in both dry and rainy seasons. Values of total hardness of water samples were generally higher in the rainy season than in the dry season with P4 having the highest value. There was increase in acidity and decrease in alkalinity from dry to rainy season. However, there was general increase in the values of electrical conductance, BOD, TS, TDS and hardness of water samples of the river which follows the trend of wastes discharged into the river after rainfall.
The concentration of nutrients namely nitrate, ammonia and chloride in the water samples increased and decreased for sulphate and phosphate from dry season to the rainy season with P4 having the highest value in both seasons, except for phosphate.
One way ANOVA Post Hoc test of physicochemical parameters of water samples from various points on river Sokoto in Table 4.13 shows that some parameters (pH, temperature, conductance, DO, BOD, phosphate, hardness and ammonia) depicted seasonal change.It further shows that pH and temperature follow the same trend in the dry season by being significantly higher in P1, P2, P4 and P5, but significantly lower in P6 compared with P3 (control).However, Nitrate values in other sampling points both in dry and rainy seasons were significantly higher than in P3, the control(Appendix B).













Table 4.11: Physicochemical Properties of Water samples from Different Sites of River Sokoto in January, 2014 (Dry Season)
	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	
pH
	
8.11 ± 0.08
	
8.06 ± 0.01
	
8.05 ± 0.01
	
8.37 ± 0.08
	
8.50 ± 0.09
	
8.02 ± 0.01

	Temperature (oC)
	25.4 ± 0.09
	25.5 ± 0.07
	25.3 ± 0.69
	25.6 ± 0.09
	25.4 ± 0.20
	25.4 ± 0.12

	Conductance (µS/cm)
	75.6 ± 0.12
	96.7 ± 0.12
	74.6 ± 0.15
	201 ± 0.09
	321 ± 0.15
	96.4 ± 0.17

	D. O. (mg/L)
	1.7 ± 0.11
	1.0 ± 0.15
	1.2 ± 0.09
	1.2 ± 0.06
	0.7 ± 0.12
	0.9 ± 0.12

	B. O. D. (mg/L)
	0.7 ± 0.12
	0.4 ± 0.14
	0.5 ± 0.13
	0.3 ± 0.08
	0.2 ± 0.09
	0.4 ± 0.20

	C. O. D. (mg/L)
	300 ± 0.32
	150 ± 0.65
	180 ± 0.74
	230 ± 0.94
	220 ± 1.08
	230 ± 1.60

	Total Solids (mg/L)
	780 ± 0.78
	580 ± 1.99
	620 ± 1.05
	240 ± 1.53
	400 ± 1.80
	600 ± 1.63

	TDS (mg/L)
	500 ± 1.60
	390 ± 3.27
	470 ± 1.93
	140 ± 0.99
	260 ± 1.56
	400 ± 3.41

	TSS (mg/L)
	280 ± 2.49
	190 ± 3.81
	150 ± 2.37
	100 ± 4.04
	140 ± 1.60
	200 ± 1.91

	Alkalinity (mg/L)
	22 ± 0.68
	21 ± 1.54
	23 ± 1.30
	28 ± 0.92
	71 ± 1.49
	11 ± 1.26

	Acidity (mg/L)
	15 ± 0.85
	25 ± 0.94
	20 ± 1.34
	5 ± 0.27
	10 ± 1.04
	15 ± 0.67

	Chlorides (mg/L)
	35 ± 1.05
	55 ± 1.30
	40 ± 0.77
	100 ± 1.15
	50 ± 0.79
	75 ± 0.66

	Sulphate (mg/L)
	220 ± 1.19
	190 ± 0.63
	180 ± 0.71
	195 ± 0.71
	200 ± 0.83
	210 ± 0.67

	Phosphate (mg/L)
	0.11 ± 0.01
	0.51 ± 0.05
	0.24 ± 0.08
	0.15 ± 0.01
	1.77 ± 0.05
	0.59 ± 0.06

	Hardness (mg/L)
	161.6 ± 1.33
	121.2 ± 0.38
	151.5 ± 0.52
	282.8 ± 0.61
	184.8 ± 0.75
	131.3 ± 0.40

	Nitrates (mg/L)
	19.7 ± 0.52
	9.8 ± 0.72
	6.6 ± 0.06
	10.3 ± 0.43
	11.8 ± 0.64
	12.7 ± 0.52




	Ammonia-N (mg/L)
	0.46 ± 0.06
	0.28 ± 0.04
	0.35 ± 0.06
	0.62 ± 0.05
	0.84 ± 0.05
	0.35 ± 0.06



Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.




Table 4.12: Physicochemical Properties of Water samples from Different Sites of River Sokoto in August, 2014 (Rainy Season)
	
Parameter
	
	
	Values at Sampling Sites
	

	
	P1
	P2
	P3	P4
	P5
	P6

	
pH
	
6.24 ± 0.05
	
6.32 ± 0.01
	
6.36 ± 0.07	7.23 ± 0.04
	
6.80 ± 0.05
	
6.84 ± 0.02

	Temperature (oC)
	29.1 ± 0.32
	29.0 ± 0.03
	28.2 ± 0.06	29.0 ± 0.03
	29.2 ± 0.06
	28.8 ± 0.06

	Conductance (µS/cm)
	470 ± 0.06
	100 ± 0.04
	90 ± 0.05	510 ± 0.03
	120 ± 0.06
	80 ± 0.05

	D. O. (mg/L)
	0.10 ± 0.05
	0.07 ± 0.01
	0.08 ± 0.07	0.09 ± 0.01
	0.07 ± 0.01
	0.10 ± 0.05

	B. O. D. (mg/L)
	0.51 ± 0.06
	0.27 ±0.05
	0.20 ± 0.05	0.35 ± 0.01
	0.43 ± 0.05
	0.28 ± 0.01

	C. O. D. (mg/L)
	1008 ± 0.54
	480 ± 0.57
	48 ± 0.04	32 ± 0.02
	688 ± 0.58
	720 ± 0.54

	Total Solids (mg/L)
	1300 ± 0.50
	900 ± 0.40
	900 ± 0.40	300 ± 0.16
	900 ± 0.40
	1100 ± 0.48

	TDS (mg/L)
	800 ± 0.58
	500 ± 0.58
	500 ± 1.15	100 ± 1.42
	500 ± 2.80
	700 ± 5.77

	TSS (mg/L)
	500 ± 2.31
	400 ± 4.62
	400 ± 4.04	200 ± 10.9
	400 ± 4.04
	400 ± 5.20

	Alkalinity (mg/L)
	10 ± 1.15
	8 ± 0.58
	11 ± 2.03	13 ± 1.15
	13 ± 1.73
	7 ± 2.89

	Acidity (mg/L)
	20 ± 1.15
	60 ± 2.89
	60 ± 4.04	20 ± 1.15
	60 ± 3.46
	60 ± 5.20

	Chlorides (mg/L)
	60 ± 3.46
	60 ± 5.77
	80 ± 1.15	180 ± 3.46
	110 ± 2.31
	90 ± 4.04

	Sulphate (mg/L)
	124 ± 2.31
	82 ± 2.31
	82 ± 1.73	124 ± 2.31
	124 ± 2.89
	82 ± 2.31

	Phosphate (mg/L)
	0.21 ± 0.02
	0.19 ± 0.05
	0.21 ± 0.06	0.21 ± 0.03
	0.21 ± 0.02
	0.22 ± 0.02




	Hardness (mg/L)
	265.9 ± 0.06
	350.4 ± 0.35
	305.6 ± 0.64
	850.3 ± 0.81
	305.4 ± 0.43
	230.5 ± 0.69

	Nitrates (mg/L)
	14.2 ± 0.20
	12.4 ± 0.23
	8.6 ± 0.23
	28.1 ± 0.15
	24.3 ± 0.23
	10.9 ± 0.58

	Ammonia-N (mg/L)
	0.82 ± 0.02
	0.64 ± 0.02
	0.98 ± 0.01
	1.20 ± 0.11
	1.10 ± 0.02
	0.86 ± 0.01



Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.
Table 4.13: One way ANOVA of Physicochemical parameters of water samples from six points on River Sokoto during dry and rainy seasons
	
Parameter
	
	
	
Dry Season
	
	
	
	
	
Rainy Season
	
	

	
	P1
	P2
	P3
	P4
	P5
	P6
	P1
	P2
	P3
	P4
	P5
	P6

	
pH
	
+
	
+
	
C
	
+
	
+
	
-
	
+
	
+
	
C
	
-
	
-
	
-

	Temp
	+
	+
	C
	+
	+
	-
	+
	+
	C
	+
	+
	+

	Conduct
	+
	+
	C
	+
	+
	+
	
	
	
	
	
	

	DO
	+
	-
	C
	
	-
	-
	+
	-
	C
	+
	-
	+

	BOD
	+
	-
	C
	-
	-
	-
	+
	+
	C
	+
	+
	+

	COD
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	T. Solids
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	TDS
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	TSS
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Alkalinity
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Acidity
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Chloride
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Sulphate
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Phosphate
	-
	+
	C
	-
	+
	+
	
	-
	C
	
	
	+

	Hardness
	+
	-
	C
	+
	+
	-
	-
	+
	C
	+
	-
	-

	Nitrates
	+
	+
	C
	+
	+
	+
	+
	+
	C
	+
	+
	+




	Ammonia
	+
	-
	C
	+
	+
	-
	-
	C
	+
	+
	-



Key
C= control variable
+ = significantly higher than control

- = significantly lower than control Blank = no significant difference Level of significance = P ≤ 0.05


Elemental Analysis of Water Samples from River Sokoto and its Drainage
The results of AAS analysis indicating the concentrations of the analysed metals and mineral elements in water and bottom soil sediments for all sampling points in dry and rainy seasons are shown in Tables 4.14, 4.15 and 4.16.
Table 4.14 which presents the concentrations of elements in the water samples in dry season shows that the concentrations of Fe, Ag, Cd and Hg were generally high and above WHO limits. Elements such as Cr, Mn, Co, Ni and Sb were not detected in the water samples. Presence and levels of elements detected varied from one sampling point to another. For example, while Zn level was high and above WHO limit at P3, P4 and P6, it was much lower and below WHO limit at the other sampling points. Similarly, Mo and Pb were only detectable each in one of the six sampling points. The levels of Ca, Zn and Pb were significantly higher at P4, where the industrial effluents discharge into the river.
The concentration of elements in the water samples in rainy season is presented in Table 4.15.It shows very high concentrations of Hg above WHO limit in all the water samples. Furthermore, Mn and Pb were high in one sample each while Cr and Fe were high in more than one sample. However, Ni, Cu, Zn, Mo, Ag and Cd were within permissible limits in all samples and Sb was not detected.

Table 4.16 presents the concentrations of elements in the samples from bottom soil sediment of the river. Concentration values for Fe, Ag, Cd and Hg were generally high above WHO limits in all the samples while values for Cr, Mn, Sb, and Pb in some samples were lower and below WHO limit. Meanwhile, Pb was excessively high in P2, other elements(Cu and Zn) were below WHO limit and no Ni nor Mo was detected in the sediment samples.
All water and bottom soil sediment samples for all sampling points contained Hg, Ag, Cd and Fe with values significantly on the high side in the dry season. There was mostly higher concentration in water samples in dry season than in the rainy season.
The statistical analyses of the concentrations of elements in water and bottom soil sediment samples from various points on river Sokoto during dry and rainy seasons were depicted in Tables 4.17 and 4.18.
Table 4.17 shows the t-test analysis of water samples in dry and rainy seasons. The test indicated there were significant differences in Ca, Ni, Cu and Zn, no significant difference in Pb and differences in Na, Mg, K, Cr, Fe, Co, Ag, Cd, Sn, and Hg were highly significant. It was also shown in the table that Mn and Sb were not present in the water samples in the two seasons.
One way ANOVA test of the elemental concentrations of samples of water and bottom soil sediment from various points on river Sokoto during dry season was depicted in Table 4.18. The concentrations of majority of the elements (Mg, Ca, Cr, Mn, Fe, Co, Cu, Zn, Mo, Ag, Cd, Sb and Pb) vary in water and bottom soil sediment. While Ca, Mg and Mo were more in water, Zn, Ag, Cd, Cr, Mn, Fe, Co and Pb were more in sediment. Values of Na, K,and Hg were significantly lower than those in P3 (control) in water and bottom soil sediment in all sampling points. Ni was not detected both in the water and in the sediment.













Table 4.14:Concentration of Elements in Water from Different Sampling Points on River Sokoto in Dry Season
	
	WHO

	
	
	Concentration at sampling points (mg/L)
	
	
	Guideline

	Element
	
	
	
	
	(2003)

	
	P1
	P2	P3	P4
	P5
	P6
	[mg/L]

	
Na
	
180.00±0.00
	
230.00±0.00	180.00±0.00	200.00±0.00
	
180.00±0.00
	
200.00±0.00
	
NP

	Mg
	28.90±0.01
	30.82±0.00	32.02±0.00	35.77±0.00
	32.49±0.00
	31.68±0.00
	NP

	K
	80.00±0.00
	90.00±0.00	60.00±0.00	70.00±0.00
	70.00±0.00
	50.00±0.00
	NP

	Ca
	83.02±0.00
	105.47±0.00	102.20±0.00	458.53±0.00
	227.66±0.00
	100.85±0.00
	NP

	Cr
	0.000±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.05

	Mn
	0.000±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.5

	Fe
	44.33±0.00*
	35.15±0.00*	44.37±0.00*	11.64±0.00*
	10.11±0.00*
	30.13±0.00*
	0.3

	Co
	0.000±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	NG

	Ni
	0.000±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.02

	Cu
	0.056±0.00
	0.505±0.00	0.306±0.00	0.173±0.00
	0.736±0.00
	0.064±0.00
	2.0

	Zn
	0.076±0.00
	0.278±0.00	0.360±0.00*	1.028±0.00
	0.210±0.00
	0.311±0.00*
	0.3

	Mo
	2.57±0.00*
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.07

	Ag
	3.60±0.00*
	3.53±0.00*	3.72±0.00*	3.26±0.00*
	2.49±0.00*
	2.57±0.00*
	0.1

	Cd
	1.35±0.00*
	1.38±0.00*	1.43±0.00*	1.42±0.00*
	1.34±0.00*
	1.54±0.00*
	0.003

	Sn
	96.41±0.00
	78.27±0.00	54.92±0.00	43.32±0.00
	53.55±0.00
	41.48±0.00
	NG

	Sb
	0.000±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.005




	Hg
	80.15±0.00*
	83.39±0.00*
	287.37±0.00*
	142.52±0.00*
	105.54±0.00*
	165.08±0.0*
	0.001

	Pb
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.040±0.00
	0.000±0.00
	0.000±0.00
	0.01



Key:

* = Level above permissible limit. NP = No value is proposed.
NG = Not mentioned in the WHO Guideline.

Table 4.15:Concentration of Elements in Water from Different Sampling Points on River Sokoto in Rainy Season
	
	WHO

	
	
	Concentration at sampling points (mg/L)
	
	Guideline

	Element
	
	
	
	
	(2003)

	
	P1
	P2	P3	P4
	P5
	P6
	[mg/L]

	
Na
	
31.00±0.00
	
27.00±0.00	29.00±0.00	47.00±0.00
	
44.00±0.00
	
27.00±0.00
	
NP

	Mg
	0.699±0.01
	0.707±0.00	0.706±0.00	0.728±0.00
	0.745±0.00
	0.780±0.00
	NP

	K
	62.00±0.00
	9.00±0.00	40.00±0.00	18.00±0.00
	33.00±0.00
	9.00±0.00
	NP

	Ca
	0.362±0.00
	0.378±0.00	0.342±0.00	1.496±0.00
	0.948±0.00
	1.573±0.00
	NP

	Cr
	0.063±0.00*
	0.135±0.00*	0.149±0.00*	0.044±0.00
	0.061±0.00*
	0.076±0.00*
	0.05

	Mn
	0.000±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.001±0.00
	0.5

	Fe
	0.760±0.00*
	0.518±0.00*	0.565±0.00*	0.000±0.00
	0.213±0.00
	0.166±0.00
	0.3

	Co
	0.044±0.00
	0.050±0.00	0.041±0.00	0.039±0.00
	0.047±0.00
	0.049±0.00
	NG

	Ni
	0.010±0.00
	0.005±0.00	0.007±0.00	0.014±0.00
	0.001±0.00
	0.010±0.00
	0.02

	Cu
	0.014±0.00
	0.009±0.00	0.011±0.00	0.007±0.00
	0.011±0.00
	0.008±0.00
	2.0

	Zn
	0.031±0.00
	0.032±0.00	0.070±0.00	0.036±0.00
	0.027±0.00
	0.054±0.00
	0.3

	Mo
	0.024±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.07

	Ag
	0.008±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.1

	Cd
	0.002±0.00
	0.000±0.00	0.000±0.00	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.003

	Sn
	1.426±0.00
	1.165±0.00	0.036±0.00	0.014±0.00
	0.032±0.00
	0.012±0.00
	NG




	Sb
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.005

	Hg
	2.989±0.00*
	1.828±0.00*
	1.411±0.00*
	1.732±0.00*
	1.366±0.00*
	1.516±0.00*
	0.001

	Pb
	0.000±0.00
	0.000±0.00
	0.000±0.000
	0.069±0.000*
	0.000±0.000
	0.000±0.000
	0.01


Key:

* = Level above permissible limit. NP = No value is proposed.
NG = Not mentioned in the WHO Guideline.

Table 4.16:Concentration of Elements in Bottom Soil Sediments from Different Sampling Points on River Sokoto in Dry Season
	
	
	
Concentration at sampling points (mg/L)
	
	WHO
Guideline

	Elem ent
	
P1
	
P2
	
P3
	
P4
	
P5
	
P6
	(2003)
[mg/L]

	
Na
	
150.00±0.00
	
160.00±0.00
	
100.00±0.00
	
200.00±0.00
	
220.00±0.00
	
210.00±0.00
	
NP

	Mg
	26.04±0.00
	31.59±0.00
	28.17±0.00
	34.48±0.00
	34.28±0.00
	30.54±0.00
	NP

	K
	60.00±0.00
	70.00±0.00
	30.00±0.00
	70.00±0.00
	70.00±0.00
	70.00±0.00
	NP

	Ca
	68.11±0.00
	365.36±0.00
	71.54±0.00
	227.43±0.00
	363.22±0.00
	78.35±0.00
	NP

	Cr
	2.629±0.00*
	0.000±0.00
	0.000±0.00
	10.61±0.00*
	0.000±0.00
	1.453±0.00*
	0.05

	Mn
	0.000±0.00
	0.000±0.00
	0.000±0.00
	1.992±0.00*
	0.411±0.00
	0.000±0.00
	0.5

	Fe
	53.15±0.00*
	50.87±0.00*
	94.00±0.00*
	137.38±0.00*
	129.54±0.00*
	76.59±0.00*
	0.3

	Co
	0.560±0.00
	0.007±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	NG

	Ni
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.02

	Cu
	0.753±0.00
	0.505±0.00
	0.591±0.00
	0.884±0.00
	0.533±0.00
	0.383±0.00
	2.0

	Zn
	0.424±0.00
	0.434±0.00
	0.050±0.00
	1.565±0.00
	0.766±0.00
	0.331±0.00
	0.3

	Mo
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.000±0.00
	0.07

	Ag
	7.139±0.00*
	5.182±0.00*
	6.314±0.00*
	3.322±0.00*
	3.486±0.00*
	3.554±0.00*
	0.1

	Cd
	1.337±0.00*
	1.276±0.00*
	1.167±0.00*
	1.214±0.00*
	1.240±0.00*
	1.252±0.00*
	0.003




	Sn
	0.000±0.00
	39.21±0.00
	46.07±0.00
	69.95±0.00
	76.07±0.00
	84.36±0.00
	NG

	Sb
	7.534±0.00*
	2.521±0.00*
	3.716±0.00*
	3.423±0.00*
	0.000±0.00
	0.406±0.00*
	0.005

	Hg
	540.76±0.00*
	501.88±0.00*
	801.57±0.00*
	249.48±0.00*
	119.84±0.00*
	111.59±0.00*
	0.001

	Pb
	8.204±0.00*
	10.428±0.0*
	0.000±0.000
	0.000±0.000
	0.000±0.000
	0.000±0.000
	0.01


Key:

* = Level above permissible limit. NP = No value is proposed.
NG = Not mentioned in the WHO Guideline.

Table 4.17: The t-test Analysis of Elemental concentrations of water samples from different pointson River Sokoto in dry and rainy seasons
	
Element
	
Mean ± SD
	Level of significance
	
t-value

	
	Dry Season
	Rainy Season
	
	

	Na
	195.00 ± 19.75
	34.17 ± 8.95
	0.000 ˃ ˃
	18.17

	Mg
	31.95 ± 2.26
	0.73 ± 0.03
	0.000 ˃ ˃
	33.83

	K
	70.00 ± 14.14
	28.50 ± 20.72
	0.002 ˃ ˃
	4.05

	Ca
	179.62 ± 146.37
	0.85 ± 0.58
	0.014 ˃
	2.99

	Cr
	0.00 ± 0.00
	0.09 ± 0.05
	0.001 ˃ ˃
	-4.73

	Mn
	0.00 ± 0.00
	0.00 ± 0.00
	-
	-

	Fe
	29.29 ± 15.28
	0.37 ± 0.29
	0.001 ˃ ˃
	4.63

	Co
	0.00 ± 0.00
	0.05 ± 0.01
	0.000 ˃ ˃
	-22.53

	Ni
	0.00 ± 0.00
	0.01 ± 0.01
	0.010 ˃
	-3.16

	Cu
	0.31 ± 0.27
	0.01 ± 0.00
	0.023 ˃
	2.69

	Zn
	0.38 ± 0.33
	0.04 ± 0.02
	0.033 ˃
	2.47

	Ag
	3.20 ± 0.54
	0.00 ± 0.00
	0.000 ˃ ˃
	14.56

	Cd
	1.41 ± 0.07
	0.00 ± 0.00
	0.000 ˃ ˃
	47.18




	Sn
	61.34 ± 21.61
	0.44 ± 0.66
	0.000 ˃ ˃
	6.90

	Sb
	0.00 ± 0.00
	0.00 ± 0.00
	-
	-

	Hg
	144.01 ± 77.76
	1.81 ± 0.61
	0.001 ˃ ˃
	4.48

	Pb
	0.00 ± 0.00
	0.00 ± 0.01
	0.341
	-1.00




Difference is not significant at p > 0.05
· Difference is significant at p ≤ 0.05
· ˃ Difference is highly significant at p < 0.01
Table 4.18: One way ANOVA Post Hoc Test of Elemental Concentrations of Water samples and Bottom soil sediments from different sampling points on River Sokoto in dry season
	
Element
	
	
Concentration in Water
	
	
	
Concentration in Soil Sediment
	

	
	P1
	P2
	P3
	P4
	P5
	P6
	P1
	P2
	P3
	P4
	P5
	P6

	
Na
	
-
	
-
	
C
	
-
	
-
	
-
	
-
	
-
	
C
	
-
	
-
	
-

	Mg
	-
	-
	C
	+
	+
	-
	+
	-
	C
	-
	-
	-

	K
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Ca
	-
	+
	C
	+
	+
	-
	+
	-
	C
	-
	-
	-

	Cr
	
	
	
	
	
	
	+
	
	C
	+
	
	+

	Mn
	
	
	
	
	
	
	
	
	C
	+
	+
	

	Fe
	-
	-
	C
	-
	-
	-
	-
	-
	C
	+
	+
	-

	Co
	
	
	
	
	
	
	+
	+
	C
	
	
	

	Ni
	
	
	
	
	
	
	
	
	
	
	
	

	Cu
	-
	+
	C
	-
	+
	-
	+
	-
	C
	+
	-
	-

	Zn
	-
	-
	C
	+
	-
	-
	+
	+
	C
	+
	+
	+

	Mo
	+
	
	C
	
	
	
	
	
	
	
	
	

	Ag
	-
	-
	C
	-
	-
	-
	+
	-
	C
	-
	-
	-

	Cd
	-
	-
	C
	-
	-
	+
	+
	+
	C
	+
	+
	+

	Sn
	+
	+
	C
	-
	-
	-
	+
	+
	C
	-
	-
	-




	Sb
	
	
	
	
	
	
	+
	-
	C
	-
	-
	-

	Hg
	-
	-
	C
	-
	-
	-
	-
	-
	C
	-
	-
	-

	Pb
	
	
	C
	+
	
	
	+
	+
	
	
	
	




Key

C= control variable

+ = significantly higher than control

- = significantly lower than control Blank = no significant difference Level of significance = P ≤ 0.05








CHAPTER FIVE DISCUSSION

River Sokoto is a major source of water for domestic, agricultural and industrial uses in Sokoto metropolis. It is the source water for the water treatment plant that supplies pipe-borne water need of the people in the metropolis. Residents in the locality use water from the river for washing and bathing. The river water is also used to irrigate adjoining farmland, where crops such as onions, sweet potatoes, carrots, millets, tomatoes and vegetables, some of which are often eaten raw, are cultivated. The factories in the locality use the river as source water for various purposes such as water for cooling and washing. People swim and fish in the river and its sand is dredged for building construction. All these human activities with other environmental factors would negatively impact the physical, chemical and microbiological quality of River Sokoto. This could also pose serious health and environment hazards to the community, as stated by Hellweger and Masopust (2008),who inferred that waterborne pathogens present greater health risk to people using river water for drinking, bathing, irrigation of crops eaten raw, fishing, and recreational activities. Because of many activities going on around River Sokoto, it

is therefore imperative to study the river to know the impact of these factors on the river with the aim of improving its quality for the safety of the people.
The study on River Sokoto revealed that the heterotrophic and coliform counts increased with the onset of rainfall in May and started to decrease at the peak of rainfall in July. This is expected because early rainfalls are characterized with carrying heavy contaminants as runoff into the river which reduces as rainfall reduces. Similar phenomenon has been reported by other researchers (Venglovsky et al., 2009; Tytler, 2011; Singh et al., 2012). High level heterotrophic and coliform counts observed in this study agree with the findings of Tytler (2011) where adjoining two drainage streams from industrial and residential areas, impacted negatively the water quality of River Kaduna. While sampling point (P1) about 2 kilometers away from farmland had the highest heterotrophic and coliform counts, site P4 on the stream that carried effluents from Sokoto Cement Factory into the river had the least values throughout the year. Cement factories are not normally associated with large volumes of liquid waste. The statistical analysis results further revealed that there was generally no significant difference in the bacteria counts except at P4 versus P5 and P4 versus P6. Runoff from various tributaries carrying large amount of excrements from people residing around the river, might be responsible for high coliform counts in P1while the least values recorded in P4 might be due to the fact that bacteria are not common components of the effluents from cement factories. Bacteria counts recorded in the river might have arisen from residents‘ defecations and compost manure used on farm located at the upstream, near the factories. Lack of proper sanitation in urban cities has been cited as the main cause of high bacterial pathogens in rivers traversing major world cities (Abraham, 2010). The preliminary survey of the study area showed that residents used to constantly defecate around the place and this might be the reason for the constancy in the faecal

streptococci counts. Unhygienic defecation on ground causing contamination of surface water has also been reported in other studies (Brooks et al., 2009; Furtula et al., 2013; Raji et al., 2015). It was usual in the study area during rainfall to see runoffs heavily loaded with human excrements.that were discarded by residents because of lack of laterine. The high level of faecal coliform observed in the river water poses a health risk to those using it especially for domestic purposes. Both faecal coliform and faecal streptococci have been reported to pose health hazards (Brooks et al., 2009; Singh et al., 2012; Furtula et al., 2013).
In all the water samples, FC/FS ratios greater than 4.0 were obtained which is an indication of human contamination. Though the values obtained in this study were the highest, the results are in agreement with those of Singh et al. (2012)in Ganges River in India and Tytler (2011) in River Kaduna, Nigeria.
River Sokoto was highly contaminated with pathogenic bacteria such asKlebsiella,Shigella, Salmonella, Pseudomonasaeruginosaand Staphylococcus aureus.These organisms are pathogenic, likely products of human activities in and around the river and their presence in the river water suggest the level of poor sanitation practice among the residents in the river‘s proximity. Previous studies abound that have shown similar organisms isolated from rivers (Obi et al., 2004;Tytler, 2011;Abednego et al., 2013). Most of the Enterobacteriaceaeisolatesare water-borne pathogens capable of causing many water-borne diseases while thePseudomonas aeruginosa isolates(opportunistic organisms), are known to cause various infections in people with cystic fibrosis, chronic obstructive lung disease or immune compromised people (Halls, 2004). Epidemiologic reports have associated use of raw river water with waterborne disease outbreaks. Hamner et al., (2006) associated water-borne disease (including acute gastrointestinal disease, cholera, dysentery, hepatitis- A, and typhoid) with the use of Ganges River in India.

Residents around River Sokoto use water from the river for similar purposes. Therefore, isolation of these pathogenic bacteria from River Sokoto could be the cause for rampant cases of water borne infections in the study area as reported earlier by Raji and Ibrahim (2011).
High counts of Staphylococcus aureus isolates might be as a result of constant interaction of humans with the river for different purposes as the organisms are commensals of human skin. This study showed E. coli as the most dominant bacteria isolated, an observation that is in agreement with those of Tytler (2011) in River Kaduna, Nigeriaand Abednego et al. (2013) on Nairobi River in Kenya.Chitanand et al.(2010) have also reported similar results in India. Generally, members of the Enterobacteriaceae family have been incriminated to cause waterborne infections in the previous studies and these infections thrive in the study area (Raji and Ibrahim, 2011). While E. coli causes gastrointestinal disorders like diarrhea, Salmonella and Shigella are involved in typhoid fever and diarrhea infections respectively. The presence of Raoultella ornithinolytica and Elizabetkingia meningoseptica in River Sokoto is a new finding- such organisms have never been reported in rivers in this part of the world.
Observation of resistant strains of E. coli, Klebsiella spp, Salmonella and Shigella spp to ampicillin in the study area calls for urgent attention. Some level of resistance exhibited by Providenciarettgeri to gentamicin in this study was expected as it has been reported in earlier study by Cornaglia et al. (1995) that P. rettgeri and P. stuartii were generally resistant to gentamicin and tobramycin but susceptible to amikacin. However, Shigella and Providencia were generally susceptible to ceftazidine and nitrofurantoin respectively, which is consistent with the findings of Nakamura et al. (2005). Raoultella ornithinolytica (formerly called Klebsiella ornithinolytica) belongs to the family of Enterobacteriaceae which are Gram-negative and capable of causing bacteremia, pneumonia and urinary tract infections. Reports in the

literaturesuggest that most clinical isolates of R. ornithinolytica were resistant to several classes of antimicrobials (Al-Hulu et al., 2009). This study corroborates the above assertion that most of theR. Ornithinolyticaisolates in this study exhibited resistance to the various test antibiotics such as ampicillin, amoxicillin/clav, ceftazidime, ceftriaxone, ciprofloxacin, ofloxacin, cloxacillin, cefuroxime, nitrofurantoin, erythromycin and gentamicin.
The low resistance ofS. faecalis isolates to gentamicin in this study is in agreement with those of Furtular, et al. (2013).It is also consistent with other previous reports (Butaye et al., 2001; Butaye et al., 2002; Petsaris et al., 2005). Emergence of antibiotic resistance amongP. aeruginosaisolatesresulting in severe infections has been variously reported (Olayinka et al., 2004; Tytler, 2011). It was reported that in Zaria and Enugu about 60%, 42%, 33% of clinical isolates of Pseudomonas spp, Escherichia spp, and Klebsiella spp respectively were multidrug resistant (Olayinka et al., 2004). When MAR index is greater than 0.3, it indicates high level infectious disease in an area where antibiotics are frequently used. Some of the isolated organisms in this study demonstrated some degree of general resistance to all the test antibiotics and exhibited multi drug resistance with some of the antibiotics, suggesting the study area to be of high antibiotic usage.
The results of the study have shown that the isolated organisms were not only resistant to antibiotics but also the test disinfectants. Savlon when compared with Dettol was seen to have recorded the least percentage resistance to Streptococcus faecalis. This on one hand might be due to the fact that Dettol® was more frequently used than Savlon in the study area and has resulted in the isolates being resistant to Dettol® and it might be due to combination (synergistic) effect of chlorhexidine and cetrimidein Savlon®, on the other hand. Improvement in antimicrobial efficacy due to synergistic effect has been reported (Ibrahim and Alere, 1998). Therefore, efficacy of

Savlon® over other disinfectants has made it an antimicrobial of choice to minimise the menace of resistant strains in the study area.
Plasmids harbor genes coding for specific functions including virulence factors and antibiotic resistance that permit bacteria to survive the hostile environment found in the host and resist treatment (Ramirez et al., 2014). In the molecular analysis carried out in this study, Salmonella virulence plasmid genes (spvC) were detected in theSalmonella typhi isolates analysed. These virulence genes must have been the determinant genes for the resistance earlier observed for Salmonella typhiisolates in the antibiotic susceptibility test. Salmonella plasmid virulence genes have been detected in various Salmonella species (Carlson et al., 1999; Ziemer and Steadham, 2003; Carattoli, 2003). The β-lactam (blaTEM) and quinolone (qnrS) resistance genes detected in the testPseudomonas aeruginosa isolate and; the aminoglycoside (aacC3) and quinolone (qnrS) resistance genes detected in the testKlebsiella pneumoneae isolates, is not new. In several geographical regions, including Argentina, the USA and Southeast Asia, plasmid mediated quinolone resistance (PMQR) determinants have been reported at high prevalence in both human and animal isolates and are often associated with the expression of extended-spectrum β- lactamases (ESBLs) (Park et al., 2006; Deepak et al., 2009; Zhang et al., 2012; Andres et al., 2013; Liu et al., 2013; Shaheen et al., 2013). The presence of quinolone resistance genes in Staphylococcus aureus, Streptococcus faecalis, B. subtilis and Providencia rettgeri; and aminoglycoside resistance genes in Staph saprophyticus may account for the relative high level of resistance of the isolates to the test antibiotics, earlier reported in this study.Non-specific resistance genes were detected in Klebsiella oxytoca and as additional resistance gene in other isolates. This is as a result of the fact that the primers used in this study are not all-encompassing and other resistance determinant genes, not captured in the study may have been responsible.

Physicochemical parameters of the water samples for dryand rainy seasons show that the dissolved oxygen (DO) values (ranging from 0.7 – 1.7 in dry season and 0.07 – 0.10 in rainy season) and the biochemical oxygen demand (BOD) values (ranging from 0.2 – 0.7 in dry season and 0.2 –0.51 in rainy season, were within guideline permissible limit for natural water (Appendix C). This finding agrees with the result of Singh et al. (2012) on the study of Ganges river. The BOD is the amount of oxygen required to oxidise biologically oxidisable substances in water and the DO is the amount of oxygen dissolved in river water. The DO is being replenished by atmospheric re-aeration and through photosynthesis. This process of self-purification is negatively affected in the presence of excess organic substrate in the water and finally stopped with the addition of sewage or organic wastes. This explains the low DO values recorded in this study and also justify the high level heterotrophic bacteria counts.
The high levels of chemical oxygen demand (COD) and conductance in the dry season compared with the rainy season is in consonance with the findings of similar results to those of Tytler (2011). The COD is the amount of oxygen required for the chemical oxidation of organic matter with the help of strong chemical oxidants. The COD will always have higher value than the BOD because it measures the amount of oxygen required to oxidise both biologically oxidisable and biologically non-oxidisable substances. High level of COD and conductance in the river water may be as a result of decrease in rainfall in dry season with resultant increase in concentration of electrolytes and other elements in the river water (Khan et al., 2012).
The values of total dissolved solid (TDS) and total suspended solid (TSS) in the dry season in this study were within permissible limit recommended for surface water.However, in the rainy season, the TSS values were higher due to floating materials like fine silt carried by rainwater.Hardness is the sum of polyvalent metallic ions in water. Calcium and magnesium are

theprincipal components, and hard waters are most common in groundwater, especiallywhen derived from limestone, dolomite or chalk aquifers.Total hardness values showed that the river water was generally hard during the rainy season and this might be due to the topography of the study area.
Not only was the water at sampling point P4 very hard, it also contained chloride at a value above permissible limit of 150 mg/L recommended for surface water. Sampling point P4 received effluents directly from Sokoto Cement Factory and this might be responsible for the high chloride and hardness values which decreased along the stream at point P5 as the water flowed into the river. High level chloride can have negative effects on aquatic organisms and plants by increasing species mortality and stress plant respiration to affect quality of river water. The concentrations of other nutrients such as sulphate and phosphate were within permissible limits during dry and rainy seasons except for nitrate and ammonia which had values high above permissible limit recommended for surface water. High level of nitrate and ammonia might be as a result of extensive farming with fertilizers that takes place at the bank of the river.
As shown by the AAS analysis, the water and bottom soil sediment samples for all sampling points contained Hg, Ag, Cd and Fe in relatively high values and much higher in the soil sediments. Similar finding was reported by Muhammad et al. (2014) in River Bunsuru, Northwestern Nigeria and attributed it to the fact that the discharge of heavy metals into rivers by domestic and industrial activities causes their rapid association with particulates and incorporation into bottom sediment.
Raji et al. (2010) also reported the presence of heavy metals and other elements in relatively high concentrations in the drinking waters in the same geographical zone. Muhammad et al. (2014) found the concentration of Pb in the bottom sediment and floodplain samples of River Bunsuru

Northwestern Nigeria to be significantly high during the rainy season sampling, while Cu values were consistently high for the rainy and dry seasons. The result of this study also has lead (Pb) concentrations in the bottom soil sediments at two sampling points P1 (8.204±0.0007 mg/L) and P2 (10.428±0.00 mg/L) with values very high. Elevated concentration of heavy metals in aquatic environment is a good indicator of man-induced pollution (Davies et al., 1991). The abnormally very high value of lead in P2 could cause lead poisoning. This may be attributed to massive lead pollution of the river in 2010 from mining sites in Zamfara State from where River Sokoto has its source (Muhammad et al., 2014). Presence of lead in sediments at whatever concentration poses threat to fishes in aquatic environment because of the bottom feeding habits of the aquatic organism (Muhammad et al., 2014).
Though, other elements such as Cr, Co, Ni and Sn were found in water and bottom soil sediment samples at values very low level, long term accumulation of these elements may pose health hazards to the people in the locality (Cotman et al., 2001). The presence of chromium and other elements in soaps and detergents used for washing and bathing in the river could be responsible for this.
The result shows that human contaminations are the major sources of contamination in contrast to the previous studies(Sangodoyin, 1995; Fakayode, 2005; Kanu et al., 2006) which have shown that industrial effluents are responsible for the contamination of river water. There was low impact of industrial effluents on the pollution rate of River Sokoto because majority of the facories were not functioning in the course of this study as was similarlly experienced by Tytler (2011)in his study on River Kaduna.

















CHAPTER SIX CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The findings of the study showed that River Sokoto is bacteriologically and chemically contaminated and not fit for domestic use, drinking, farming and recreational activities.
(a) There were high levels of heterotrophic and coliform bacteria and FC/FS ratios of the river water due to constant contamination with human wastes.
(b) There was seasonal variation in the heterotrophic bacterial levels with the highest values at the peak of rainfall.
(c) The distribution of the bacteria isolated from the river showed a wide range of pathogenic organisms, of which high proportion were enteric bacteria with E. coli having the highest proportion. This further indicates human wastes contamination.
(d) Many of these pathogenic bacteria, especiallyShigella flexneri,E. coli, Staphylococcus aureusetc.were multi-drug resistant to commonly used antibiotics in the study area.
(e) PCR analysis of some of the antibiotic resistant isolates further confirmed occurrence of resistant bacteria strains in the study area.

(f) Water of River Sokoto contained heavy metals namely Hg, Cd, Ag and Pb at high concentrations and Cr, Co, Ni and Snat low concentrations which have been reported to cause chronic diseases such as high blood pressure, anemia, Mina mata disease, cancer of lung, skin, bladder and kidney, skin lesions (hyperkeratosis) and pigmentation changesand therefore may pose health risks to the people using the water for various purposes.
(g) Human contaminations are the major sources of contamination in this study rather than what were mostly reported in previous studies (Sangodoyin, 1995; Fakayode, 2005; Kanu et al., 2006) that industrial effluents are responsible for the contamination of river water.


Recommendations

1. The findings of the study have implicated human wastes contamination as the major source of contamination of the Sokoto River and therefore, residents in the study area should be provided with standard latrines and also be enlightened on observation of regular sanitation practices.
2. Water from the river should be properly boiled or disinfected before being used for domestic purposes.
3. Fishes from pathogenic bacteria-ladened River Sokoto and irrigated vegetables from farmlands around the river should be properly cooked before eating to prevent bacterial infections.
4. Antibiotic susceptibility profile of pathogenic organisms should be carried out positively prior to therapy.

5. People and industries in the study area should be enlightened on proper waste management and disposal.
6. Government should conduct regular surveillance and monitoring of the river to ensure good quality of the river water.
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APPENDICES
Mean Monthly Bacteria counts from January to December, 2014 Appendix A (i)
	January
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate
Count (35oC)
	1.25±0.48x
105
	0.98±0.27x
105
	0.92±0.15x
105
	0.18±0.78x
105
	1.00±0.83x
105
	1.20±0.33x
105

	Total
Coliform
	22000
	10000
	19000
	1800
	20000
	21000

	Faecal
Coliform
	1800
	1200
	1100
	900
	1000
	1500

	Faecal
Streptococ ci
	160
	110
	110
	100
	100
	110





Appendix A (ii)

	February
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop
	2.00±0.28x
	1.13±0.18x
	1.82±0.21x
	0.19±0.26x
	1.45±0.25x
	1.75±0.48x

	hic Plate
	105
	105
	105
	105
	105
	105

	Count
	
	
	
	
	
	

	(35oC)
	
	
	
	
	
	

	Total
	35000
	29000
	12000
	2600
	28000
	30000



	Coliform
	
	
	
	
	
	

	Faecal
Coliform
	1800
	1600
	1600
	1100
	1400
	1800

	Faecal
Streptococ ci
	180
	150
	120
	118
	120
	160













Appendix A (iii)

	March
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate
Count (35oC)
	3.00±0.40x
105
	2.75±0.39x
105
	1.65±0.21x
105
	0.39±0.47x
105
	1.20±0.45x
105
	2.82±0.30x
105

	Total
Coliform
	35000
	32000
	30000
	3000
	15000
	32000

	Faecal
Coliform
	2000
	1800
	1700
	1500
	1700
	2000

	Faecal
Streptococ ci
	220
	180
	150
	120
	130
	200





Appendix A (iv)

	April
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	3.02±0.24x
105
	1.28±0.63x
105
	1.97±0.31x
105
	0.42±0.12x
105
	2.86±0.38x
105
	2.82±0.33x
105

	Total
Coliform
	38000
	35000
	20000
	8000
	35000
	36000

	Faecal
Coliform
	2100
	2000
	2000
	1500
	1800
	2100



	Faecal
Streptococ ci
	242
	200
	200
	130
	160
	210

















Appendix A (v)

	May
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	3.45±0.53x
105
	2.91±0.44x
105
	2.48±0.34x
105
	0.95±0.99x
105
	1.26±0.14x
105
	3.32±0.48x
105

	Total
Coliform
	63000
	40000
	38000
	8600
	40000
	41000

	Faecal
Coliform
	2700
	2500
	2500
	1800
	2200
	2500

	Faecal Streptococ
ci
	300
	220
	200
	160
	160
	300





Appendix A (vi)

	June
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	5.36±0.62x
105
	3.92±0.35x
105
	3.80±0.60x
105
	3.60±0.56x
105
	3.68±0.28x
105
	4.86±0.72x
105

	Total
Coliform
	160000
	70000
	42000
	8800
	41000
	80000

	Faecal
	3200
	3000
	2900
	2000
	2700
	3000



	Coliform
	
	
	
	
	
	

	Faecal Streptococ
ci
	400
	250
	220
	160
	180
	310



















Appendix A (vii)

	July
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	8.20±0.26x
105
	7.00±0.96x
105
	6.08±0.10x
105
	3.84±0.72x
105
	4.20±0.68x
105
	8.05±0.22x
105

	Total
Coliform
	250000
	160000
	82000
	63000
	80000
	180000

	Faecal
Coliform
	4500
	4200
	3800
	2600
	3500
	4200

	Faecal
Streptococ ci
	800
	260
	230
	200
	220
	320





Appendix A (viii)

	August
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop
hic Plate Count
	6.02±0.72x
105
	4.89±0.30x
105
	4.20±0.18x
105
	2.20±0.62x
105
	3.02±0.86x
105
	5.73±0.78x
105



	(35oC)
	
	
	
	
	
	

	Total
Coliform
	200000
	90000
	80000
	38000
	40000
	160000

	Faecal
Coliform
	4000
	3200
	2700
	2400
	2500
	3300

	Faecal Streptococ
ci
	530
	220
	210
	160
	200
	300













Appendix A (ix)

	September
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	4.75±0.60x
105
	3.80±0.57x
105
	3.02±0.48x
105
	1.96±0.56x
105
	3.00±0.86x
105
	4.26±0.71x
105

	Total
Coliform
	150000
	65000
	45000
	35000
	40000
	80000

	Faecal
Coliform
	2600
	2300
	2200
	1800
	2200
	2500

	Faecal Streptococ
ci
	300
	200
	180
	150
	180
	290





Appendix A (x)

	October
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	3.80±0.54x
105
	2.76±0.43x
105
	2.64±0.35x
105
	1.62±0.62x
105
	1.94±0.74x
105
	3.00±0.40x
105

	Total
Coliform
	80000
	40000
	38000
	18000
	30000
	65000



	Faecal
Coliform
	2300
	1800
	1700
	1500
	1600
	2200

	Faecal Streptococ
ci
	280
	180
	160
	150
	150
	280

















Appendix A (xi)

	November
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	3.49±0.56x
105
	2.64±0.28x
105
	1.92±0.56x
105
	0.98±0.38x
105
	1.80±0.45x
105
	2.75±0.39x
105

	Total
Coliform
	42000
	35000
	26000
	10000
	25000
	40000

	Faecal
Coliform
	2300
	1800
	1600
	1200
	1500
	1800

	Faecal Streptococ
ci
	250
	180
	140
	120
	120
	250





Appendix A (xii)

	December
	Sampling Site

	
	P1
	P2
	P3
	P4
	P5
	P6

	Heterotrop hic Plate Count
(35oC)
	2.75±0.87x
105
	1.32±0.16x
105
	1.20±0.94x
105
	0.85±0.62x
105
	1.10±0.68x
105
	1.80±0.56x
105

	Total
	33000
	30000
	25000
	5000
	18000
	32000



	Coliform
	
	
	
	
	
	

	Faecal
Coliform
	1800
	1700
	1200
	1000
	1200
	1800

	Faecal
Streptococ ci
	240
	150
	120
	100
	100
	200
















Appendix B (i): Physicochemical Properties ofWater Samples in January 2014

	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	pH
	8.11
	8.06
	8.05
	8.37
	8.50
	8.02

	Temperature (oC)
	25.4
	25.5
	25.3
	25.6
	25.4
	25.4

	Conductance (µS/cm)
	75.6
	96.7
	74.6
	201.0
	321.0
	96.4

	D. O. (mg/L)
	1.7
	1.0
	1.2
	1.2
	0.7
	0.9

	B. O. D. (mg/L)
	0.7
	0.4
	0.5
	0.3
	0.2
	0.4

	C. O. D. (mg/L)
	300
	150
	180
	230
	220
	230

	Total Solids (mg/L)
	780
	580
	620
	240
	400
	600

	TDS (mg/L)
	500
	390
	470
	140
	260
	400

	TSS (mg/L)
	280
	190
	150
	100
	140
	200

	Alkalinity (mg/L)
	22
	21
	23
	28
	71
	11

	Acidity (mg/L)
	15
	25
	20
	5
	10
	15



	Chlorides (mg/L)
	35
	55
	40
	100
	50
	75

	Sulphate (mg/L)
	220
	190
	180
	195
	200
	210

	Phosphate (mg/L)
	0.11
	0.51
	0.24
	0.15
	1.77
	0.59

	Hardness (mg/L)
	161.6
	121.2
	151.5
	282.8
	184.8
	131.3

	Nitrates (mg/L)
	19.7
	9.8
	6.6
	10.3
	11.8
	12.7

	Ammonia-N (mg/L)
	0.46
	0.28
	0.35
	0.62
	0.84
	0.35


Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.


Appendix B (ii):Physicochemical Properties of Water Samples in April 2014

	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	pH
	7.65
	7.63
	7.62
	7.78
	7.82
	7.58

	Temperature (oC)
	27.8
	27.7
	27.5
	27.9
	27.8
	27.8

	Conductance (µs/cm)
	250.0
	94.2
	72.8
	200.0
	212.0
	94.8

	D. O. (mg/L)
	1.2
	0.5
	0.8
	0.8
	0.2
	0.4

	B. O. D. (mg/L)
	0.32
	0.25
	0.30
	0.25
	0.5
	0.25

	C. O. D. (mg/L)
	280
	120
	150
	200
	180
	200

	Total Solids (mg/L)
	620
	550
	600
	200
	360
	570

	TDS (mg/L)
	360
	350
	400
	150
	250
	330

	TSS (mg/L)
	260
	200
	200
	50
	110
	240

	Alkalinity (mg/L)
	24
	22
	25
	30
	72
	12

	Acidity (mg/L)
	12
	23
	20
	7
	11
	13



	Chlorides (mg/L)
	36
	57
	45
	120
	70
	80

	Sulphate (mg/L)
	230
	180
	160
	220
	225
	170

	Phosphate (mg/L)
	0.15
	0.55
	0.26
	0.18
	1.80
	0.64

	Hardness (mg/L)
	160.2
	120.3
	150.4
	280.6
	181.5
	128.1

	Nitrates (mg/L)
	18.6
	9.5
	6.2
	10.1
	11.3
	12.5

	Ammonia-N (mg/L)
	0.42
	0.23
	0.32
	0.58
	0.81
	0.34


Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.


Appendix B (iii): Physicochemical Properties of Water Samples in June 2014

	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	pH
	7.08
	6.96
	6.84
	7.50
	7.25
	7.16

	Temperature (oC)
	28.6
	28.8
	28.0
	28.9
	28.9
	28.5

	Conductance (µs/cm)
	480.0
	120.0
	98.4
	550.0
	260.2
	95.7

	D. O. (mg/L)
	0.80
	0.35
	0.40
	0.40
	0.09
	0.32

	B. O. D. (mg/L)
	0.42
	0.30
	0.35
	0.30
	1.50
	0.30

	C. O. D. (mg/L)
	500
	300
	500
	110
	200
	450

	Total Solids (mg/L)
	800
	600
	700
	250
	400
	600

	TDS (mg/L)
	480
	350
	400
	200
	300
	320

	TSS (mg/L)
	320
	250
	300
	50
	100
	280

	Alkalinity (mg/L)
	12
	10
	14
	15
	20
	8

	Acidity (mg/L)
	22
	45
	48
	20
	50
	50



	Chlorides (mg/L)
	48
	58
	60
	140
	100
	85

	Sulphate (mg/L)
	160
	110
	100
	170
	180
	90

	Phosphate (mg/L)
	0.20
	0.35
	0.24
	0.20
	1.00
	0.40

	Hardness (mg/L)
	268.3
	352.5
	308.6
	852.5
	308.4
	232.8

	Nitrates (mg/L)
	15.4
	10.2
	7.5
	18.6
	20.1
	10.5

	Ammonia-N (mg/L)
	0.64
	0.52
	0.75
	0.96
	0.91
	0.68


Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.


Appendix B (iv):Physicochemical Properties of Water Samples in August 2014

	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	pH
	6.24
	6.32
	6.36
	7.23
	6.80
	6.84

	Temperature (oC)
	29.1
	29.0
	28.2
	29.0
	29.2
	28.8

	Conductance (µs/cm)
	470.0
	100.0
	90.0
	510.0
	120.0
	80.0

	D. O. (mg/L)
	0.10
	0.07
	0.08
	0.09
	0.07
	0.10

	B. O. D. (mg/L)
	0.51
	0.27
	0.20
	0.35
	0.43
	0.28

	C. O. D. (mg/L)
	1008
	480
	48
	32
	688
	720

	Total Solids (mg/L)
	1300
	900
	900
	300
	900
	1100

	TDS (mg/L)
	800
	500
	500
	100
	500
	700

	TSS (mg/L)
	500
	400
	400
	200
	400
	400

	Alkalinity (mg/L)
	10
	8
	11
	13
	13
	7

	Acidity (mg/L)
	20
	60
	60
	20
	60
	60



	Chlorides (mg/L)
	60
	60
	80
	180
	110
	90

	Sulphate (mg/L)
	124
	82
	82
	124
	124
	82

	Phosphate (mg/L)
	0.21
	0.19
	0.21
	0.21
	0.21
	0.22

	Hardness (mg/L)
	265.9
	350.4
	305.6
	850.3
	305.4
	230.5

	Nitrates (mg/L)
	14.2
	12.4
	8.6
	28.1
	24.3
	10.9

	Ammonia-N (mg/L)
	0.82
	0.64
	0.98
	1.20
	1.10
	0.86


Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.

Appendix B (v): Physicochemical Properties ofWater Samples in September 2014

	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	pH
	6.72
	6.81
	6.86
	7.45
	7.01
	7.20

	Temperature (oC)
	29.9
	29.5
	28.6
	29.5
	29.7
	29.0

	Conductance (µs/cm)
	320.0
	95.2
	84.8
	250.0
	118.5
	79.5

	D. O. (mg/L)
	0.68
	0.52
	0.64
	0.68
	0.52
	0.15

	B. O. D. (mg/L)
	0.48
	0.22
	0.16
	0.27
	0.34
	0.23

	C. O. D. (mg/L)
	872
	320
	45
	30
	520
	615

	Total Solids (mg/L)
	1000
	800
	800
	200
	800
	1000

	TDS (mg/L)
	850
	580
	560
	120
	570
	420

	TSS (mg/L)
	150
	220
	240
	80
	230
	580

	Alkalinity (mg/L)
	13
	10
	14
	15
	26
	10

	Acidity (mg/L)
	20
	40
	38
	18
	30
	35



	Chlorides (mg/L)
	58
	57
	60
	120
	70
	85

	Sulphate (mg/L)
	130
	110
	120
	140
	135
	115

	Phosphate (mg/L)
	0.20
	0.25
	0.22
	0.21
	0.85
	0.45

	Hardness (mg/L)
	205.1
	280.6
	265.2
	680.7
	260.5
	185.3

	Nitrates (mg/L)
	16.4
	10.2
	8.2
	18.8
	16.2
	11.5

	Ammonia-N (mg/L)
	0.68
	0.54
	0.84
	1.10
	0.98
	0.72


Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.


Appendix B (vi): Physicochemical Properties of Water Samples in November 2014

	Values at Sampling Sites

	Parameter
	P1
	P2
	P3
	P4
	P5
	P6

	pH
	7.84
	7.96
	8.00
	8.35
	8.24
	8.02

	Temperature (oC)
	27.8
	27.6
	26.7
	27.6
	27.7
	27.1

	Conductance (µs/cm)
	150.0
	90.8
	70.1
	180.0
	118.0
	79.2

	D. O. (mg/L)
	1.50
	0.74
	0.86
	0.87
	0.60
	0.45

	B. O. D. (mg/L)
	0.45
	0.20
	0.12
	0.25
	0.32
	0.21

	C. O. D. (mg/L)
	810
	280
	40
	28
	480
	500

	Total Solids (mg/L)
	750
	550
	550
	180
	600
	800

	TDS (mg/L)
	250
	240
	242
	60
	255
	310

	TSS (mg/L)
	500
	310
	308
	120
	345
	490

	Alkalinity (mg/L)
	18
	20
	21
	25
	52
	10

	Acidity (mg/L)
	22
	30
	25
	10
	20
	22



	Chlorides (mg/L)
	56
	40
	50
	110
	60
	80

	Sulphate (mg/L)
	180
	140
	130
	160
	170
	180

	Phosphate (mg/L)
	0.18
	0.45
	0.24
	0.18
	1.20
	0.50

	Hardness (mg/L)
	182.4
	165.8
	192.5
	425.3
	210.9
	145.2

	Nitrates (mg/L)
	18.2
	9.9
	7.5
	12.5
	12.3
	12.1

	Ammonia-N (mg/L)
	0.57
	0.38
	0.52
	0.83
	0.90
	0.57


Key:
DO = Dissolved oxygen; BOD = Biological oxygen demand; COD = Chemical oxygen demand TDS = Total dissolved solids; TSS = Total suspended solids.


Appendix C (i): Toleration standards for surface waters, which will be used for the
 	preparation of drinking water [guidelines from Council Directive 75/440/EEC]
	Substances
	Concentration (mg/l)

	Chlorides
	<150

	Sulfates
	<250

	Total salt
	<500

	Electroconductivity
	<1000

	pH
	6.5-8.7

	O2 saturation
	70%

	BOD5
	<5

	COD
	<8

	NH4+
	<0.6

	Nitrites
	<100

	Nitrates
	<0.1

	Phosphates
	<7



(ii): Usual water parameters range for irrigation use[“Waste water treatment and use in agriculture”, FAO 1992]

	Substances
	Range

	Electroconductivity
	0-3000 mS/cm

	Total Dissolved Solids
	0-2000 mg/l

	Cations and anions
	

	Ca=2
	0-400 mg/l

	Mg=2
	0-60 mg/l

	Na=
	0-920 mg/l

	CO3_2
	0-3 mg/l



	HCO3-2
	0-610 mg/l

	Cl-
	0-1065 mg/l

	SO4-2
	

	Nutrients
	

	NO3- -N
	0-10 mg/l

	NH4=-N
	0-5 mg/l

	PO4-P
	0-2 mg/l

	K=
	0-2 mg/l

	pH
	6.0-8.5

	B
	0-2 mg/l

	Sodium Adsorption Ratio
	0-15 meq/l
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