EVALUATION OF THE EFFECTS OF ANTHROPOENIC ACTIVITIES AND DOMESTIC WASTE ON SURFACE WATER QUALITY 
(A CASE STUDY OF EKULU RIVER, ENUGU).
Abstract

The microbiological and organic pollutants characteristics of umuosoko stream in ikwuano local government area, Enugu state, Nigeria were carried out. Twenty water samples were collected from four different parts of the river.  The pour plate technique was employed for the isolation of micro-organisms. Colonial morphology, Gram staining and biochemical tests were used for identification and characterization. The statistical analyses used were analysis of variance and standard deviation. The mean total aerobic plate count ranged from 5.30 ± 0.01log10cfu/ml to 5.90 ± 3.0

Log10cfu/ml while the mean coliform count was 5.0 ± 0.50 mpn/100ml to 20.0 ± 4.0 mpn/100ml. The salmonella and shigella and vibrio cholerae mean counts were 0 ± 0.00 log10cfu/ml respectively. The mean fungal count ranged from 2.45 ± 0.02 log10cfu/ml to 2.77 ± 0.20 log10cfu/ml. The microorganisms isolated were escherichia coli, enterobacter species, staphylococcus aureus, proteus species, streptococcus species, bacillus species, pseudomonas aeruginosa, lactobacillus species, saccharomyces species; kluyveromyces ranges species and aspergillus species.

The values of the organic pollutants tested were as follows: ph, 6 to 9, temperature, 29oc to 31oc, colour, and 6tcu to 7tcu, conductivity, 200μs/cm to 330μs/cm, turbidity, 0.01ntu to 0.1ntu, total hardness, 0.2mg/l to 0.4mg/l, total dissolved solid, 360 mg/l to 620mg/l, total suspended solid, 40mg/l to 120mg/l, dissolved oxygen, 4.0mg/l to 5.5mg/l, biochemical oxygen demand, 2.8mg/l - 3.8mg/l, salinity, 0.1ppt to 0.3ppt, nitrate, 21 mg/l to 103mg/l, phosphate, 0.67mg/l to 1.52mg/l, sulphate, 200mg/l to 260mg/l, was unobjectionable. The microbiological and nitrate results showed that the river water is contaminated and must be treated before consumption.
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CHAPTER ONE 
1.0	INTRODUCTION 
1.1 Background of the Study 
Water is essential for life. Man needs water for various other purposes apart from drinking and body functions. 
The other purposes includes it’s use in transportation, waste disposal and hydro electric system. About 80% of the earth’s surface is covered by water. This may be grouped into natural and artificial water. Natural water includes atmospheric water (rainfall, hail and snow), surface water includes (stream, lakes, rivers, ocean) and ground water (spring well, under ground stream). Artificial water on the other hand includes ponds. Surface water can be contaminated by some impurities like dust, smoke or gases etc from the atmosphere. 
Anthropogenic activities ad dumping of waste on the river bank also results to the contamination of surface water quality, water may of these micro-organisms when present in large quantities and for prolonged period of time can cause health problem (Onyeagba and Isu, 2003, Shelton, 2003: WHO, 2004). There is a strong relationship existing between water, health and diseases causation (Ajewole, 2005). Water is a very essential element of human nature, yet a very dangerous element in the spread of diseases. 
A recent study of water related and water borne diseases are in one way or the other caused by surface water (Medema et al 2003). Water that is free of disease producing micro-organism and chemical substance that is dangerous to health is referred to as potable water. The two categories of the sources of surface water pollution based on their origin are point and non-point sources. The contaminants that enter a water way through discrete conveyance, such as pipe or ditch are called point source pollution. The non point pollution is the diffused contamination that does not originate from a single discrete source. The cumulative effect of small amount of contaminants gathered from a large area is as a result of non point source pollution (USGS, 1998: EPA 2005) 
The contamination of water has been associated with sewage and sewage effluent. It has been generally accepted that surface water contains more harmful micro-organisms compared to other source, of water including ground water and rainfall water (Oyebode: 2005). Consequently, high degree of sewage dumps, practices with domestic waste water may be sources of bacteria and other organisms capable of producing diseases in man and animals including livestock. Other source includes livestock manure and waste water from municipals, schools, feedlots and swamps.
Consequently, the number of cases of water borne diseases has been seen to be the cause of many health hazards. The demand and pollution of level of water requires the basic monitoring on the quality (WHO, 2004: EPA 2002) Hence there is need to ascertain the physical, chemical and biological quality of this river to ascertain whether it is safe for human consumption. 
1.2	Objectives of the Study  
The aim of this project is to determine the effect of anthropogenic activities and domestic waste on Ekulu river water quality.
Specifically the objectives of this project are:-
i. To collect water samples from different parts of Ekulu River and take to the lab for analysis.
ii. To analysis the lab results with a view to ascertaining the physical, chemical and biological properties of the water.
iii. To recommend amendments for the water considering the various potential uses of Ekulu River in Enugu North of Enugu State.
iv. To subjectively evaluate the extent of domestic waste deposits in the river. 
1.3	Justification of the study
Not minding the anthropogenic activities and domestic waste dumping at Ekulu River, it is still a good source of water for agricultural and domestic activities 
Ekulu River is a neat source of water but water may not be adjudged potable by appearance or taste and that is why the analysis of this water is essential. 


CHAPTER TWO
2.0	LITERATURE REVIEW 
2.1	Eutrophication
	Eutrophication is the ecosystem response to the addition of artificial or natural substances such as nitrates and phosphate, through fertilizers or sewage, to an aquatic system. One example is the “bloom” or great increase of phytoplankton in a water body as a response to increased levels of nutrients. 
	Eutrophication can be human caused or natural untreated sewage effluent and agricultural run-off carrying fertilizers are examples of human caused eutrophication. However, it also occurs naturally in situations where nutrients accumulate (e.g. depositional environments), or where they flow into systems on an ephemeral basis. Eutrophication generally promotes excessive plant growth and decay, favouring simple algae and plankton over other more complicated plants, and causes a severe reduction in water quality. Phosphorus is a necessary nutrient for plants to lire and is the limiting factor for plant growth in many fresh water ecosystems. The addition of phosphorus increases algae growth, but not all phosphates actually feed algae. These algae’s assimilates the other necessary needed for plants and animals when algae die they sink to the bottom where they are decomposed and the nutrients contained, in organic matter are converted into in organic form by bacteria. The decomposition process uses oxygen there by depriving the deeper waters of oxygen which is equally needed by fishes and other aquatic organisms. In the absence of this oxygen the fishes and other aquatic organisms will to die. 
	More so, when this nutrient sinks to the bottom of the river they lack the availability of light which is necessary for photosynthesis of the aquatic plants, a serious strain is placed in the population of algae. Enhanced growth of aquatic vegetation or phytoplankton and algal blooms disrupts normal functioning of the ecosystem, causing a variety of problems such as lack of oxygen needed for fish and shellfish to survive. The water becomes cloudy, typically coloured a shade of green, yellow, brown or red. Eurtrophication also decreases the value of rivers, lakes and estuaries for recreation, fishing, hunting and aesthetic enjoyment. 
	Health problems can occur where eutrophic conditions interfere with drinking water treatment. 
	Eutrophication can also be a natural process as a result of seasons. For example during dry seasons, materials such as cow dung and previous decayed vegetation are been conveyed by the first rainfall of the seasons into different water bodies. Human activities can accelerate the rate at which nutrients enter the water body. Run-off from agriculture and development, pollution from septic systems and sewers and other human related activities increase the flow of both organic substances and in-organic nutrients into water bodies. Elevated levels of atmospheric compounds of nitrogen can increase nitrogen availability. Phosphorus is often regarded as the main culprit in cases of eutrophication in lakes subjected to “point source” pollution from sewage pipes. The concentration of algae and the tropic states of lakes and rivers corresponds well to phosphorus levels in water. Studies conducted in the experimental lakes area in Ontario have shown a relationship between the addition of phosphorus and the rate of eutrophication. Human kind has increased the rate of phosphorus cycling on earth by four times, mainly due to agricultural, fertilizer production and application between 1950 and 1995, an estimated 600,000,000 tones of phosphorus were applied to earth’s surface, primarily on croplands. Policy changes to control point sources of phosphorus have resulted in rapid control of eutrophication.     

2.2	Sources of surface water pollution 
	Water pollution is the contamination of water bodies (e.g. lakes, rivers, oceans and groundwater). Water pollutions affects both plants and organisms living in this bodies of water, and in almost all cases the effect is damaging either to individual species and populations, but also to the natural biological communities.
	Water pollutions occur when pollutions are discharged directly or indirectly into water bodies without adequate treatment to remove harmful compounds. Water pollution is a major problem in the global content. It has been suggested that it is the leading world wide cause of deaths and diseases, and that it accounts for the deaths of more than 14,000 people daily.
	Water is typically referred to as polluted when it is impaired by anthropogenic contaminations and either does not support human use, like serving as drinking water, and/or undergoes a marked shift in its ability to support it’s constituent biotic communities, such as fish, Natural phenomena such as volcanoes, algae blooms, storms and earthquake also cause major changes in water quality and the ecological status of water.
Sources of surface water pollution are	 
2.2.1 Point source pollution 
Point source pollution refers to contaminants that enter a water way through discrete conveyance, such as a pipe or ditch. Examples of sources in this category includes discharges from a sewage treatment plant, a factory or a city storm drain 

2.2.2 Non-point source pollution 

[[		

Non-point source pollution refers to diffuse contamination that does not originate from a single discrete source. NPS is often accumulative effect of small amounts of contaminants gathered from a large area. The leaching out of nitrogen compounds from agricultural land which has been fertilized is a typical example. Nutrient run off in storm water from “sheet flow” over an agricultural field is also cited as examples of NPs pollution.
Contaminated storm water washed off of parking lots, roads and high ways, called urban run-off, is sometimes included under the categories of NPS pollution. However, this run-off is typically channeled into storm drain systems and discharged the ought pipes to local surface waters and is not channeled and olvains directly to ground is a non-point.  

2.3 Waste water
Waste water is simply that part of water supply to the community or to the industry that has been used for different purposes and has been mixed with solids either suspended or dissolved. Waste water is 99% water and 0.1% solids. The main task in treating the waste water is simply to remove most all of this 0.1% of solids.
This table below shows the types of waste water from house hold. 
	Type of waste water 
	Sources of waste water 

	1. Gray water
	Washing water from the kitchen, bathroom, laundry (without faeces 
& urine )

	2. Black water 
	Water from flush toilet (faeces, urine and flush water).

	3. Yellow water 
	Urine from separated toilets and urinals. 

	4. Brown water 
	Black water without urine or yellow water. 



Why do we need to treat waste water?
i. To prevent ground water pollution 
ii. To protect public health.
iii. To reuse the treated effluent for 
a. agriculture 
b. ground water recharge 
c. Industrial recycle.
Solving social problems caused by the accumulation of waste water.
i. protecting the public health: 
Waste water contains pathogenic micro-organisms that leads to dangerous diseases to human and animal. Hazardous matter such as heavy metals that are toxic produces odorous gases and bad smells.
ii. protecting the environment:
Raw waste water leads to septic conditions in the environment and consequently leads to the deterioration of surface and ground water quality which in turn pollutes the soil. Raw waste water is rich with nitrogen and phosphorus (N, P) and leads to the phenomena of Euthrophication which leads to the growth of huge amounts of algae and other aquatic plants that leads to the deterioration of water quality. Raw waste water is rich with organic matter which consumes oxygen in aquatic environment. Raw waste water may contain toxic gases and volatile organic matter.

2.3.1	Physical, chemical and biological properties of waste water.
	Characteristics 
	Sources 

	Physical properties colour 
	Domestic and industrial wastes, natural decay of organic materials. 

	Odor 
	Decomposing waste water, industrial wastes. 

	Solids 
	Domestic water supply, domestic and industrial wastes, soil erosion, inflow infiltration.

	Temperature 
	Domestic and industrial wastes 

	Chemical properties organic: carbohydrates.
	Domestic, commercial and industrial wastes. 

	Fats, oils and grease 
	Domestic, commercial and industrial wastes.

	Pesticides 
	Agricultural wastes.

	Phenols 
	Industrial wastes

	Proteins 
	Domestic, commercial and industrial wastes. 

	Priority pollutants 
	Domestic, commercial and industrial wastes.

	Biological properties Animals 
	Open water courses and treatment plants. 

	Plants 
	Open water courses and treatment plants. 

	Eubacteria
	Domestic wastes, surface waster infiltration, treatment plants 

	Viruses 
	Domestic wastes 




2.4	Effect of domestic wastes on surface water quality.
  	There has been an increasing concern about the environments in which man lives solid waste, mount of rubbish, garbage and sewage are being produced everyday by our urban society. In an attempt to dispose off this materials, man has carelessly pollutes the environment. In a traditional under developed world, a fact partly reflects the sampling locations considered in the present work, house hold waste is completely biodegradable and homogenous consequently, both biodegradable and non-biodegradable materials now constitutions house hold wastes. In the past, men thought the environment had an infinite capacity to devour his waste without any ill effects. More recently, however, man’s health and welfare are been affected by environmental pollution. This pollution is substances present naturally in the environment but when released in significant amount by humans, becomes toxic. 
	The world health organization (WHO) estimates that more than twenty percent (20%) of the world population around 1.3 billion people has no safe drinking water and that more than 40% of all population lack adequate sanitation (Oastridge and Trent 1999). Poor water quality is still a significant problem in many parts of the world. It can often limit the use of this vital resource and in more extreme cases can harm human and other life (Forum and Entwicklung 2001). Water can be polluted by substances that dissolve in it or by solid particle and insoluble liquid droplets that becomes suspended in it (plant et al 2001). Even paper is sometimes high-tech material it’s not just a bunch of fibers that are laid down and put together. It’s coated, bounded and has a tremendous amount of technology built in it (Stu Borman 2002). 
	Many workers have detected elevated levels of both organic and in-organic pollutants and heavy metals in surface and underground water and water in the vicinity of solid waste landfills (Van der Brock and Kirov, 1971; Murray 1981; Albaiges 1986; Borden and Yanoschak 1990.) 
		Generally, as a result of long retention time and natural filtering capacity of aquifer, ground water is often unpolluted. However, leachates from wastes at dump site, as observed in the present study, are potential sources of contamination of both ground water and surface water (Odukoya et al, 2002). In addition, investigations have shown that non-arid regions, infiltrations of water through landfill have caused water table molding. This causes leachate to flow down ward and out ward from the land fill. Down ward flow pollutes ground water while out ward flow causes leachate springs at the periphery of the land fills or seepage into streams or other surface water (Khanbilvardi et al, 1992).        
	Globally people need to appreciate the fact that our environment is delicately balanced substance and indeed that it is a system. Consequently, the task of protecting it is not a regional issue, neither is it a continental affair it goes beyond local initiates. But then, we have to star from some where. While thinking globally we must act locally. Thus, the research becomes necessary at the present location in Ekulu River in Enugu state Nigeria where there is little or no awareness about the dangers inherent in contaminated water. it is all in attempt to direct attention to issues of effective management of the environment and the protection of the water quality there in.

2.4.1 Pollution impacts of agriculture on fresh waters 
In considering the comprehensive impacts of agriculture and how these can be mitigated, it is sensible to define both agriculture and impacts. Agriculture here means modification of the landscape for production of goods that are used for substance or market, whether eaten or used in other ways by settled human societies. It thus includes forestry, crop culture, biomass production for fuel and animal husbandry. There is a huge diversity in the intensity to which agriculture is carried out. In turn impacts on fresh water and marine systems means those that results from agricultural change of the landscape. These might include effects on water chemistry (nutrient loss; Hay Garth 1997, 2005; Carpenter et al. 1998; Agouridis et al. 200; James et al. 2005; Mechaffy et al. 2005; Olson et al. 2005) with consequent euthrophication and food web modification (Moss 1996; pretty et al. 2003; moss et al. 2004), biocide leaching (Hanazato 2001; Corsolini et al 2002; Van den Brink et al 2002; Cold and fobres 2004; Treas et al. 2004; Christensen et al. 2005), suspended loads from soil erosion (Brodie & Mitchelle 2005), alteration of the hydrological cycles (changed evapotranspiration rates and hence run-off and modification of river flows and irrigation water losses; klillians and Madin 1991), effects of exotic species used particularly in fish and crustacean culture and physical modification of the habitat (Channelization, channel modification, embankment and drainage; Raven et al. 1998). It is not easy to separate effects of agriculture from those of urbanization. Nitrogen and phosphorus leached from fields or animal dung have exactly the same effects as those produced by street drainage and human dung. In a sense, however, since urbanization depends on agriculture the two are not separate, and just as agriculture is a social and cultural phenomenon non (pretty 2002) and not just a technological endeavor, its impacts in water must be seen in the light of different ways of organizing and maintaining human societies. There may be links between agricultural developments and increases in diseases vectors such as the fresh water naucorid bugs that appear, through their bites, to transmit mycobacterium ulcerous, the cause of increasing incidence of Buruli ulcer in tropical African and Australia (Merit et al. 2005). Links between irrigated agriculture and increased malaria incidence in the tropics are well established (Kebede et al. 2005). In its fullest sense, pollution is not just the addition of substances that damage or kills organisms; it is any man-made impact that increases the risk of damage to a natural system. Just as agriculture has comprehensively changed the face of the earth, its impacts have equally profoundly re-wrought the nature of its water.



2.5 Safe drinking water act
Key drinking water issues include problems caused by specific contaminants, such as the gasoline additive methyl tertiary butyl ether (MTBE), per chlorate and lead as well as the related issue of the appropriate federal role in providing financial assistance for water infrastructure projects congress last authorized the safe drinking water act (SDWA) in 1996, and although funding authority for most SDWA programs expire\d in “2003”, broad reauthorization efforts are not expected as EPA, states, and water utilities remain busy implementing the requirements of the 1996 amendments. Concerns about per chlorate in drinking water also have returned to the congressional agenda, after the past congress enacted several provisions on this issue, H.R.213 has been introduced to require EPA to set a drinking water standard for per chlorate in 2007, and a January 2005 National academy of sciences report on the health effects of per-chlorate has increased oversight interest in per-chlorate regulatory activities at EPA. Concerns over the security of the nations drinking water supplies were addressed by the 107th congress through the Bioterrorism preparedness Act (P.L 107-188), which amended SDWA to require community water systems to conduct vulnerability assessments and prepare emergency response plans subsequent congressional action has involved oversight and funding of water security assessment and planning efforts and research. An on going SDWA issue involves growing cost and complexity of drinking water standards and the ability of water systems, especially small, rural systems, to comply with standards.
The issue of the cost of drinking water standards of the cost of drinking water standards particularly the new arsenic standards, has emerged with larger debate over the federal role in assisting communities with financing drinking water state revolving fund (DWSRF) program in 1996 to help communities finance project needed to meet standards for FY2003, congress provide &843 million for the DWSRF program, and the president has requested &850 million for FY2006. Notwithstanding this program, studies shows that a large funding gap exists and will grow as SDWA requirements increases and infrastructure ages.  

2.6 Portable water.
Portable water is the water that has been treated cleaned or filtered and meets established drinking water standards or is assumed to be reasonably free of harmful bacteria and contaminations, and considered safe to drink or used in cooking and baking. e.g. of portable water would be that from treated municipal water systems, water that has been unfiltered, distilled water or purified by reverse Osmosis. 
Non-portable water is generally water that is untreated, such as that from lakes, rivers, ground water, springs and ground wells. Such water is not considered portable or safe to drink. Without proper water testing, a body of water is considered portable or safe to drink. Without proper water testing, a body of water carries unknown contaminants and is deemed to be non-portable. Although it may taste fine, drinking such water carries uncertain health risks.
Previously treated portable water can also became contaminated and no longer considered portable or drinkable water. An example is when tested municipal treated water results show the presence of harmful contaminants, prompting boil water advisory’. A temporary remedy is often to boil water for at least 20 minutes to remove impunities and make it portable and safe to drink, until municipal water treatment returns favourable results lifting the advisory and making tap water once again safe to drink. 
However not all bottled water is considered portable although some regulatory standards are in place regarding bottled water quality. Some of the bottled water contains untreated water that is to say that they do not undergo lab test or any documented treatment. So therefore, it is assumed that the best portable water is gotten from tap water that has undergone active carbon filtration. However, some manufactures do promote their brands as having been unfiltered or has been through a water distillation process. The bottom line is that consumes needs to be proactive to ensure that the water they are drinking is truly portable water that is safe to drink and is from a reliable source.   







CHAPTER THREE
3.0 MATERIALS AND METHOD
3.1	Area of the study
	The study area is Ekulu in G.R.A old Abakiliki road which is in Enugu North Local Government Area of Enugu State Nigeria the Ekulu River is an all season river. It serves the domestic and recreational needs for the people for the purpose of washing, cooking and bathing etc.
	This segment of the river receives discharges of contaminated water, combined with sewer over flows and in completely disinfected waste water. Ekulu River is the main source of water for the people around G.R.A.

3.2 Materials used for Coli form Count Determination
i. Plate count 
ii. Nutrient agar 
iii. Weighing balance 
iv. Distilled water 
v.  Burnser  burner 
vi. In cubator 
vii. Autoclave 
viii. Petridish and beaker 

3.2.1 Materials for P.H. Determination 
i. Test tubes 
ii. Gloves 
iii. Dropper bottle 
iv. PH comparator 

3.2.2 Materials for testing Nitrate content 
i. Sample bottle
ii. Gloves
iii. Acid reagents 
iv. Spoon 
v. Test tube 
vi. Nitrate Nitrogen comparator


3.2.3 Materials for testing Dissolved oxygen 
i. Barometer
ii. D.o bottle 
iii. Magnanimous sulphate solution/reagent 
iv. Sulphuric Acid 
v. Titration tube 
vi. Sulphate 0.025N reagent 
vii. Plunger 
viii. Starch indicator solution


3.3 Methods of Collection of samples
The bottles that were used for the water sampling has a capacity of at least 200ml. They were fitted with screw caps. The cap and neck of the bottle were protected from contamination by using a suitable cover of thin aluminum foil silicon rubber liners that will with stand repeated sterilization which was used for the inside screw caps. After the sterilization, the bottles were not opened until the collection of samples.
The water sample used for this project work was collected 1.5 meter away from the river bank, and from 4 different parts or points. Points 1-2 is where the domestic sewage is being dumped while 3-4 is where human activities takes place. The samples for the microbial test/microbial count test were collected in sterile plastic containers, which were previously sterilized with 70% alcohol and rinsed with sterile distilled water at the river bank or side; the containers were rinsed twice with the river water before being used to collect the samples. Samples for dissolved oxygen (DO) and biochemical oxygen demand (BOD) were collected with clean brown bottles. The samples for the other physiochemical parameters were collected with 500ml sterile plastic containers. They were transported to the laboratory in an ice packed cooler and were immediately analyzed on reaching the laboratory.

3.3.1	Chemical Reagents
	Chemical reagents used in the study were of analytical grade and were products of Hach Company, Colorado, USA; BOH chemicals, Poole’s, England and Sigma chemical company, St. Lovis Missouri, USA.
	The micro biological media used were products of oxoid and Difco Laboratories England. They were nutrient agar used for estimation of total heterotrophic aerobic bacteria, purification and for stock culture; sabourand dextrose agar used for the isolation of fungi, salmonella-shigella agar for the isolation of salmonella and shiggella, thiosulphate citrate bile sucrose agar for the isolation of Vibrio Cholerae and 
Macconkey both for Coliform counts.
[





3.3.2 Enumeration of Total Heterotrophic bacteria and fungi
Samples of the stream water were serially diluted in ten folds. Total viable heterotrophic aerobic counts were determined using pour plate technique. Then the molter nutrient agar, sabouraud dextrose agar, salmonella-shigella agar and thiosulphate citrate bile sucrose agar at 45oc were poured into the petrish dishes containing 1ml of the appropriate dilution for the isolation of the total heterotrophic bacteria and fungi, Salmonella-shigella, vibrio cholerae respectively. They were swirled to mix and colony counts were taken after incubating the plates at 30oc for 48hrs and preserved by sub culturing the bacterial isolates into nutrient agar slants which were used for biochemical tests.  
 
3.3.3 Enumeration of total Coliforms
The coli forms were estimated using the most probable number techniques (multiple tube fermentation techniques) as described by cheesbrough (2005).
Measured amounts of sinhle and double strength modified mac-conkey’s fluid medium were sterilized in bottles containing a Durham tube for indicating gas production. 
[
3.3.4 Characterization and Identification of fungal isolates and Bacterial isolates.
Bacteria isolates were characterized and identified after studying the gram reaction as well as the cell micro morphology other tests performed were spore formation, motility, oxidase and catalase production; citrate utilization, oxidative/fermentation (O/F), utilization of glucose; indole and coagulase production, starch hydrolysis, sugar fermentation, methyl-red voges-proskaur reaction and urease production.
The tests were performed according to the methods of (ogbulie et al; 1998; Fawole and Oso, 1998; cheesbrough (2005; Adeoye, 2007; ochei and Kolhatkar, 2007). Microbial identification was performed using the keys provided in the Bergey and HOH, 1994 fungal isolates were examined macroscopically and microscopically using the needle mouth technique. Their identification was performed according to the scheme of Barnelt and Hunter (1972) and larone (1986). 
[
3.4 Physiochemical Parameters
A number of physiochemical parameters of the river water samples were determined. They included temperature, dissolved oxygen (DO), Ph, total dissolved solids (TDS), total suspended solids (TSS), turbidity and alkalinity. Others were; nitrate, phosphate, sulphate, biochemical oxygen demand (BOD). 
The ph was measured in-situ using Hach PH meter (model Eclo); temperature and total dissolved solids (TSS) was measured in-situ using Hach Conductivity meter (model Co150). The dissolved oxygen was also measured in-situ using Hach Do meter (model Do175). Sulphate was determined using Barium chloride (Turbidimetric) method. Nitrate was determined using cadmium reduction method. Alkalinity and phosphate were measured using potentiometer titration and Ascorbic acid methods respectively.
Biochemical oxygen demand was determined using Azide modification method. All analysis were in accordance with Eation and Franson, (2005).
[
3.4.1 PH testing procedures 
1. Rinse each test tube with water sample Gloves should worn to avoid skin contact with the water.
2. Fill the tube to the 5ml line with sample water.
3. While holding a dropper bottle vertically, add 10 drops of wide range indicator solution 
4. can and invert several times to mix 
5. Insert the tube into the wide range Ph comparator up to a light source match the sample colour standard.
6. Record the PH value 
7. Wash your hands 
3.4.2 Nitrate testing procedures
1. Fill the sample bottle with sample water using gloves if drawing the sample by hand.
2. Rinse and fill one test tube to the 2.5ml line with water from the sample bottles.
3. Dilute to the 5ml line with mixed acid reagent cap and mix wait for about 2 minutes.
4. Use the 0.1g spoon to add one level measure (avoid any 50-6- times in one minute). 
5.  Insert the test tube into the Nitrate Nitrogen comparator; match the sample colour to a standard colour. Record the Result as mg/L (ppm) Nitrate Nitrogen (N03-N) to convert to mg/Nitrate (N03) multiply by 4.4.
6. Place the reacted sample in a clearly marked container. Arrangements should make with toxic material handlers after this water test is completed.

[
3.4.3 Dissolved oxygen testing
1. If you have a barometer records the atmospheric pressure. Remove the cap and immerse the D.O bottle beneath the rivers surface use gloves to avoid contact with the river water
2. Allow the water to overflow for two to three minutes. (This will ensure the elimination of bubbles).
3. Make sure no air bubble is present when you take the bottle from the river 
4. Add 8 drops of maganious sulphate solution and 8 drops of Alkaline potassium iodide alide 
5. Cap the bottle, making sure no air is trapped inside, and invert repeated to fully mix be very careful not to splash the chemical tadden water wash your hands if you contact this water if  oxygen is present in the sample a brownish orange precipitate will form (floc) the first two reagents “fix” the available oxygen.
6. Allow the sample to stand until the precipitate settles halfway. When the top half of the sample turns clear, shake again and wait for the same changes.
7. Add 8 drops of sulphuric Acid 1.1 reagent cap and invert rapidly until the reagent and the precipitate have dissolved. A clear yellow to brown-orange colour will develop depending on the oxygen content of the sample.
8. Fill the titration tube to the 20ml line with the “fixed” sample cap.
9. Fill the direct reading titration with sodium sulphate 0.025N reagent; insert the titration into the centre hole of the titration tube cap. While gently swirling the tube slowly press the plunger to titrate until the yellow brown colour is reduced to a very faint yellow if the colour of the fixed sample is already a faint yellow, skip to step 10.
10. Remove the cap and titrate. Be careful to avoid disturbing the titration plunger as the titration begun in step 8 will continue in step 11. Add 8 drops of starch indicator solution to the sample, the sample should turn blue.
11. Replace cap and titration continue titrating until the sample changes from blue to a colourless solution. Read the test result where the plunger meets the scale. Record as mg/l (ppm) dissolved oxygen.      
  








Chapter Four
4.0	RESULTS AND DISCUSSION.
4.1	Results
The results of the microbiological and organic pollutants of the river water samples are shown in tables4.1, 4.2 and 4.3.
4.1 The mean counts of micro-organisms isolated from the river water samples. 
	Station
	TAPC
	SSC
	VCC
	FC
	CC
	MPH/100ml

	1
	5.30
	0.010
	0.000
	2.45
	0.0255
	0.50

	2
	5.60
	0.030
	0.000
	2.56
	0.0116
	1.0

	3
	5.75
	0.100
	0.000
	2.51
	0.0320
	3.0

	4
	5.78
	0.200
	0.000
	2.60
	0.1018
	2.0



Legend: TAPC=Total aerobic plate count; CC=Coliform counts; SSC=Salmonella-Shigella count; CC=Coliform count; VCC=vibno cholera count; FC=fungal count. 


4.2 Micro-organisms isolated and their percentage occurrence. 
	Micro-organisms
	Stations
	Percentage occurrence

	Escheria Coli
	1
2
3
4
	1 (6.7%)
7 (200%)
8 (21.6%)
5 (20.8%)

	Enterobacter species
	1
2
3
4
	1 (6.7%)
5 (14.3%)
4 (10.8%)
2 (8.3%)

	Staphylococcus aureus
	1
2
3
4
	4 (26.7%)
6 (17.1%)
6 (16.2%)
4 (16.7%)

	Proteus species.
	1
2
3
4
	4 (26.7%)
3 (8.6%)
3 (8.1%)
1 (4.2%)

	Streptococcus species
	1
2
3
4
	2 (13.3%)
3 (8.6%)
8 (8.1%)
2 (8.3%)

	Pseudomonas species
	1
2
3
4
	1 (6.7%)
3 (8.6%)
4 (10.8)
2 (8.3%)

	Fungi (Saccharomyces species)
	1
2
3
4
	0. (0%)
5 (71.4%)
7 (53.8%)
3 (100%)



4.3 Mean values of the organic pollutants of the stream water samples. 
	Parameter
PH
	Station 1 
6.90
	Station 2
6.90
	Station 3
6.90
	Station 4 
	WHO limits 6.5-8.5

	Temperature
(oc)
	29
	31
	30
	29
	12-28

	Taste 
Colour (TCU)
	6
	6
	7
	7
	15

	Conductivity6
(µS/Cm)0.02551
	280
	255
	200
	330
	250

	Turbidity
(NTU)
	0.01 
	0.01
	0.02
	0.1
	0-5

	Total hardness (mg/L)
	0.3
	0.3
	0.4
	0.2
	0-5

	Total dissolvent solids (mg/L)  
	360
	620
	580
	480
	1000

	Total suspended solids (mg/L)
	4.0
	80
	120
	60
	500

	Dissolved oxygen mg (L)
	4.1
	4.0
	4.9
	4.9
	4.9

	Biochemical oxygen demand (mg/L)
	2.8
	28
	3.1
	3.8
	No limit 

	Salinity (PPE)
	0.1
	0.2
	0.3
	0.1
	No limit 

	Nitrate (mg/L)
	27
	27
	28
	103
	10

	Phosphate (mg/L)
	0.67
	1.52
	1.10
	0.95
	

	Saphate (mg/L)
	200
	251
	260
	209
	400

	Calcium (mg/L)
	18.7
	19.0
	23.0
	47.0
	100

	Sodium (mg/L)
	29
	39
	43
	33
	200



Table 1: shows the mean counts of miax-organism isolated from the river water samples. The meant total aerobic plate count ranged from 5.30± 0.50 MPN/100ML to 20.0± 3.0 MPN/100ML. the salmonella and shigella and vibno cholera mean counts were 0± 0.00 Loglocfu/ML respectively. The mean fungal count ranged from 2.45 ± 0.02 log10cfu/ml to 2.77 ± 0.20 log10cfu/ml. The ANOVA, P < 0.05 showed that there was significant difference in the mean counts for the total aerobic plate count, coliform count and fungal count among the stations while the ANOVA, P > 0.05 showed that there was no significant difference in the mean counts for the salmonella-shigella count and vibrio cholerae count among the stations.
The microorganisms isolated and their percentage occurrences are shown in 
Table 2: For bacterial isolates; Escherichia coli ranges from 6.7% to 25%; Enterobacter species, 6.7% to 18.8%; staphylococcus aureus 6.3% to  26.7%; streptococcus species, 8.1% to 13.3%; bacillus species, 0% to 16.7%; pseudomonas aeruginosa, 6.7% to 12.5% and lactobacillus species, 12.5% to 16.7%. For the fungal isolates, saccharomyces species ranges from 0% to 100%, kluyveromyces species, 0% to 23.1%, while Aspergillus species ranges from 0% to 25%.
Table 3: shows the values of the organic pollutants of the stream water sample. They ranged as follows: PH, 6-9, temperature, 29oc to 31oc, colour, 6tcu to 7tcu, conductivity, 200μs/cm to 330μs/cm, turbidity, 0.01ntu to 0.1ntu, total hardness, 0.2mg/l to 0.4mg/l, total dissolved solid, 360 mg/l to 620mg/l, total suspended solid, 40mg/l to 120mg/l, dissolved oxygen, 4.0mg/l to 5.5mg/l, biochemical oxygen demand, 2.8mg/l - 3.8mg/l, salinity, 0.1ppt to 0.3ppt, nitrate, 21 mg/l to 103mg/l, phosphate, 0.67mg/l to 1.52mg/l, sulphate, 200mg/l to 260mg/l, calcium, 18.7mg/l to 47.0mg/l while the taste is unobjectionable. THE ANOVA, P < 0.05 showed that there was significant difference in the values conductivity, total dissolved solids, total suspended solids, nitrate, sulphate, calcium and sodium among the stations. However, the ANOVA, P > 0.05 showed that there was no significant difference in the values of other parameters among the stations.
It was observed that the bacterial counts obtained from the stream water samples were high especially the coliform count which was above the WHO limit for drinking water. The physicochemical parameters determined were within the WHO limit except nitrate, which should be checked to avoid nitrate poisoning and possible eutrophication of the stream. The isolation of escherichia coli should be of public health concern to avoid the spread of gastroenteritis among consumers of the stream water especially children.
[
4.2	Discussions
The quality of drinking water has been decreased during this century due to discharge of waste water into water sources as well as environmental pollutants (Liu and Jones, 1995). The high microbial counts recorded may be as a result of (human) activities and indiscriminate waste disposal which contribute to contamination of the stream thereby increasing the microbial population. 
The bacteria and fungi organisms identified were Escherichia coli, Enterobacter species, staphylococcus aureus, streptococcus species, Bacillus species, proteus species, lactobacillus species, pseudomonas aeruginosa, saccharomyces species, kluyveromyces species and aspergillus species. These organisms have been variously implicated in gastrointestinal disorders such as diarrhea, upper respiratory infection and other associated symptoms (prescott et al., 2002).
The presence of the indicator bacteria such escherichia coli, enterobacter species is undesirable in drinking water and signifies the faecal contamination of the stream water body and also the presence of other enteric pathogens.
This is of a major health importance and calls for remedial attention in such water bodies. Moreover escherichia coli is known to cause many enteric diseases such as traveler’s diarrhea and other forms of diarrhea (pandey et al., 1999;
szwezyk et al., 2000). The most common aetiological agent of septic arthritis is staphylococcus aureus which is also a normal flora of the body and mucous membrane (ellen and sydney, 1990; eze et al., 2008). The consumer is at risk of acquiring food borne diseases. Staphylococcus aureus is the major cause of staphylococcal food poisoning. The poisoning is characterized by diarrhea and vomiting (singleton, 1995; Frazier and Westhoff, 2004; Eze et al., 2008). Bacillus species are gram positive aerobic spore-formers. Most members of the genus Bacillus are saprophytes prevalent in soil, air and on vegetations, which attributes the presence of the organism in the river water (Thomas, 1994; Brooks et al., 2004; Abdo, 2005; eze et al., 2008). 
The presence of opportunistic pathogens such as proteus species, Lactobacillus species and pseudomonas aeruginosa in the water is as a result of discharges from infected immuno-compromised individuals who bath in the river. Many of these are considered opportunistic microorganisms responsible for up to 50% for nosocmial infection (Sloat and Ziel, 1991). The presence of saccharomyces species and kluyveromyces species may be as a result of the citrus and juicy plant fruits that surround the stream thereby providing source for these organisms (Tayel, 2002). The organic pollutant parameters tested with the exception of nitrate and conductivity were within the permissible limits of the WHO, 2004) standards. The essential nutrients, nitrate and phosphate have been observed to enter the aquatic habitat through urban sewage effluent discharge. This may be in the form of treated or untreated sewage, agricultural activities, especially animal wastes and fertilizer and settle in the sediment thereby increasing the levels (kiely, 1998). The pollution enters as a point source or carried from diffuse sources in their catchments. It has also been observed that both nitrogen and phosphorus are highly particle reactive and most of them when discharged into water bodies are deposited in bottom sediments incorporated into organic matter. Here bacteria decompose organic matter, through oxygen and sulphate reduction, liberating nitrogen and phosphorus to pore water and overlying water (kiely, 1998; parry, 2002; WHO, 2004).
Conductivity measures the ability of aqueous solution to carry electric current solution of most inorganic compounds and more abundant ions have higher conductivity (Eaton and Franson, 2005). The increase in electric conductivity values at station 2 reflects the strong effect of effluent inflow and human activities in this area. The fluctuation in the temperature of the water depends mainly on the climatic conditions, sampling times, the number of sunshine hours. This can also be affected by specific characteristics of water environment such as turbidity, wind force, plant cover and humidity (Tayel, 2002). The increased temperature is often associated with low dissolved oxygen content (Eze and Okpokwasili, 2008). Dissolved oxygen is a very important factor to the aquatic organisms, because it affects their biological process, respiration of animal and oxidation of the organic matter in water and sediments. Complex organic substances are converted to simple dissolved inorganic salts which could be utilized by microorganisms (Okbah and Tayel, 1999).
It showed that the umuosoko water was oxygenated in all the stations. The minimum value of BOD was at station 1 and 2 as a result of high organic matter discharged into the river from waste water and environmental pollutants (Sabae and Rabeh, 2007). Hydrogen ion concentration (PH) controls all the aquatic chemical and biological processes. Changes in PH values beyond the optimum range may affect microbial physiology (Hassamin, 2006). The PH values of the different station revealed that the Ekulu River was on the neutral side during the study period, which means that it was not affected by the temperature and also resulted in the high bacterial load (abdo, 2005). Turbidity of the water may affect the fish and other aquatic organisms mostly due to higher obstruction (Izonfuo and Bariweni, 2001). Eze and Okpokwasili, 2008, stated that many organisms smother in prolonged conditions of very high turbidity by a clogging of their respiratory mechanisms.
Chlorination is the most common method of ensuring microbiological safety in water supply. This can cause the death of most microorganisms in sufficient dose within 30 minutes. Furthermore, since most table and odour producing compounds are organic, chlorine treatment reduces or eliminates them (Cheesbrough, 2000).



CHAPTER FIVE 
5.0	RECOMMENDATION AND CONCLUSION 
5.1	Recommendation 
Having thoroughly examined the results presented in chapter four; I hereby make the following recommendments.
i. Since the river has a very high acidic constant (PHs), it should not be used for domestic purposes or dinking.
ii. It has low Nitrate and Calcium constant, therefore it can be used for washing clothes since it has potentials of forming lather with soap that is to say that it is soft water.
iii. It should be treated adequately either by boiling or by adding water treatment reagents. 
iv. Subsequent and consistent surveillance and monitoring of the river should be taken up by the appropriate local authorities to ensure the maintenance of a good water quality.
v. There should be an effective health education programme for the community to enlighten them on the effects of using contaminated water to human health.     

5.2	Conclusion
It is not possible to assess the potability of any water supply by a single laboratory examination. This does not rule out constant examination of this stream used in the umuosoko community. In order to ensure the provision of potable water, procedure whereby water can be examined to determine its microbiological and physicochemical qualities should be carried out. And there should be constant inspection of this Ekulu River. Therefore, the usefulness of water for drinking and use for domestic activities underlines its potability. 
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EVALUATION OF THE EFFECTS OF ANTHROPOENIC 

ACTIVITIES AND DOMESTIC WASTE ON SURFACE WATER 

QUALITY 

 

(A CASE STUDY OF EKULU RIVER, ENUGU).

 

Abstract

 

 

The microbiological and organic pollutants characteristics of 

umuosoko stream in 

ikwuano local government area,

 

Enugu 

state, Nigeria were carried out. Twenty water samples were 

collected from four 

different parts 

of the river.  The pour plate 

technique was employed for the isolation of micro

-

organisms. 

Colonial morphology, Gram 

staining and biochemical tests were 

used for identification and characterization. The statistical 

analyses used were analysis of variance and standard deviation

.

 

The mean total aerobic plate count ranged from 5.30 ± 

0.01log10cfu/ml to 5.90 ± 3.0

 

 

