


Physicochemical and Bacteriological Quality Assessment of Groundwater Close to Dumpsites in Selected Student Hostels



ABSTRACT	Comment by user: Some components of abstract are missing: background, aim and recommendation. Please insert into the abstract
The physicochemical and bacteriological quality assessment of groundwater close to the dumpsite in some selected student lodges within the university environment of Chukwuemeka Odumegwu Ojukwu University, Uli campus was conducted. Three boreholes situated within student lodges were sampled to evaluate the physicochemical and bacteriological qualities of the groundwater samples, following standard microbiological and analytical techniques. From the result, the total bacteria count ranged from 1.42 x 104 to 3.70 x 104cfu/100ml whereas the total coliform count ranged from 25 to 107cfu/100ml. The isolates were identified as Escherichia coli, Salmonella spp., Klebsiella pnuemoniae and Pseudomonas aeruginosa. From the result of the physicochemical evaluation, the pH value ranges from 5.41-5.94, conductivity from 16.19μs/cm -59.60μs/cm, TDS from 8.10mg/L- 29.80mg/L, salinity from 0.02 - 0.03, chlorides from 4.999 mg/L - 9.997mg/L, sulphate from 32.928 - 53.508 mg/l, nitrate from 6.99mg/L-8.62mg/L. Metal analysis showed results for Mg2+(0.2532mg/L - 0.5836mg/L), Fe2+(ND), K+(0.5012 - 0.8363mg/l), Mn2+ (0 - 0.57mg/l) were under the permissible limits by WHO. Although the values of the physicochemical properties were in low concentrations, the presence of the identified bacteria calls for improved sanitary conditions of the student lodges, especially as regards to waste disposal and management. 


1.0 INTRODUCTION 	Comment by user: Citations are scanty in almost all the paragraphs. Include more citations and corresponding in the reference list
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Statement of the research problem
The gaps in existing research should be clearly identified.  
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Groundwater is a complex chemical solution that is usually found in a diluted state. The chemical composition is derived mainly from the dissolution of minerals in the soil and rocks with which it has been in contact. According to De Zuane (1990), the geochemistry of the soil that water passes through before it reaches the aquifers has a significant impact on the kind and degree of chemical pollution of groundwater. Several variables, including contact with solid phases, groundwater residence period, seepage of contaminated runoff water, mixing of groundwater with salt water pockets, and human influences, affect how chemically the groundwater changes (Stallard and Edmond, 1983)).
Because rocks and their derivatives, such as soils, act as filters, groundwater in its natural state is generally of good quality. However, not all soils are equally effective in this regard, so pathogens contained in human excreta, such as bacteria and viruses, are likely to be present. Groundwater is increasingly becoming the source of drinking water for residents of both rural and urban settlements due to the intermittent water shortage that has been hitting most parts of cities. Natural presence of chemicals, particularly in groundwater, can also be of health significance, including arsenic and fluoride, while other chemicals, such as lead, may be elevated in drinking-water as a result of leaching from water supply components in contact with drinking-water. It has been estimated that between five and ten million deaths occur annually, primarily of small children, due to water-related diseases caused by inadequate access to clean drinking water and sanitation services (WHO, 2024). For many years, the accepted view was that groundwater was impervious to pollution because the soil would filter out chemicals and other impurities as water percolates through, but in many places, this is no longer the case. As a result of population growth, there is a greater demand for clean water, which has led to the drilling of numerous wells and boreholes.
Because most groundwater moves at a very slow pace, pollutants do not effectively get diluted and distributed once they reach it. As a result, groundwater contamination concentrations are frequently far higher than those in surface water. Sources of contamination include a variety of runoff patterns, chemical spills, urban and agricultural areas, landfill leachate, and anything that has the potential to seep into the groundwater through the soil. Pathogens, particularly little viruses, can seep into groundwater. Groundwater can therefore be contaminated by both confined animals and open dumps (Marquita, 2004).  

Rainfall seeps into waste disposal sites, and microorganisms break down waste materials chemically and biologically, producing leachate with high suspended particles and inorganic/organic content. Before adequate dilution takes place, the leachate's migration to the surface and groundwater causes significant contamination. The nearby aquifer becomes contaminated by the leachates produced by the dump site, which seep into the soil. According to Hosseini et al. (2013), groundwater pollution frequently happens in areas with shallow groundwater tables because of ongoing operations that cause contaminants to seep into the groundwater. However, water is not only a necessary component for life to exist, but it also plays a significant role in the country's economic development, thus it is crucial to preserve the sustainability of water by using appropriate management practices when using it (Panjiar, 2010). This is especially critical since poor water quality can exacerbate water shortage by reducing the amount of water available for ecosystem health and human usage (Murty and Kumar, 2011). 
Dumpsites are vulnerable to precipitation or groundwater underflow. As water seeps through the garbage, it collects a range of organic and inorganic substances that eventually flow out of the dump and build up at the bottom. According to (Mor, 2006), the resultant contaminated water is known as "leachate" and can seep through the soil. Municipal landfill leachate is a highly concentrated complex effluent that contains dissolved organic matters, xenobiotic organic substances, and inorganic compounds like ammonium, calcium, magnesium, sodium, potassium, iron, sulfates, and chlorides as well as heavy metals like cadmium, chromium, copper, lead, zinc, and nickel (Christensen et al., 2001).
Regardless of the best placement for the dump, the environmental damage that results from the contaminants seeping out of it affects the quality of the groundwater. In addition to containing toxic materials that biodegrade or break down, dumpsite wastes also produce organic liquids, or leachates, when water seeps through them. These leachates, which include nitrate, chloride, and sulfate ions, contaminate groundwater over time as they migrate, leading to disease outbreaks and environmental pollution. The presence of fecal coliform bacteria in water may indicate the presence of disease-causing organisms, as they are employed as markers for waterborne pathogens (Akoho et al., 2012).
 Uli community of Anambra State is constantly faced with water insecurities and this unreliable supply of water increased with the siting of the University in the community. This led the locals to resort to alternative means of getting water, such as drilling boreholes and wells as their source of water for drinking and other domestic uses. Most of the boreholes in the area are mechanized and situated close to household sewer and drainage systems and oftentimes, very close to dumpsites. Hence, this study was designed to assess the physicochemical and bacteriological qualities of groundwater situated close to dumpsites around the student hostels in the Uli campus of Chukwuemeka Odumegwu Ojukwu University, Anambra State Nigeria.
2.0 MATERIALS AND METHOD
2.1 Study area 
The study was carried out around the University environment of Uli town. Uli town in Anambra State is located in the rainforest of South-East Nigeria. The climate of Uli is tropical with a mean daily temperature of 28± 40oC for most of the year. The annual rainfall is between 210 to 2350mm with district wet and dry seasons. 	Comment by user: Insert citation

2.2 Sample Collection 
Three boreholes dug close to dumpsites used for drinking and other domestic purposes such as cleaning, cooking, and washing situated in selected student hostels within the University environment were randomly selected for the study. Water samples for the physicochemical and bacteriological analysis were collected aseptically from the different boreholes. The tap was allowed to run for about 3 minutes before water samples were collected with 1000ml sterile containers to allow for the discharge of any particle attached to the nozzle. The samples were carefully labeled, packed in ice packs, and transported to the laboratory for analysis.	Comment by user: Insert citation

2.3 Enumeration of total bacterial count 
The water samples that were collected from the boreholes were homogenized by stirring to form a composite sample. The bacterial load of the borehole water samples was determined by adopting the method of (Agbabiaka, and Sule 2010).). Tenfold serial dilution was carried out to determine the total bacterial count.  The nutrient agar for the isolation of bacteria was prepared according to the manufacturer’s instruction and sterilized by 1210c at 15psi for 15 minutes using the autoclave. For total coliform, the plates were incubated at 37ºC for 48 hours using chromocult coliform agar which was prepared following the manufacturer's instructions. After incubation, the number of bacterial colonies was counted and expressed as colony-forming units (CFU) per 100 ml using the formula;	Comment by user: Provide a detail of serial dilution procedure	Comment by user: Check the correct temperature for autoclaving 
Colony forming unit/ml = Average number of colonies x Dilution factor
					      Aliquot volume

2.3.1 Enumeration of total and faecal coliform 
The total and faecal coliforms were enumerated using the standard membrane filtration method as described by (12). After filtration, the membrane filters were removed from the filtration setup and transferred on MacConkey agar plates and incubated at 370C for 48 hours to determine total coliform and on Eosin methylene blue agar then incubated at 44.50C for 24 hours to determine faecal coliforms.	Comment by user: Total coliform was already mentioned in 2.3 above. Remove duplicate 

2.3.2 Characterization and identification of bacterial isolates 
The morphological and biochemical characteristics of the isolates in pure cultures were determined using general microbiological procedures as described by (Cheesbrough, 2010). Gram staining reaction, catalase test, oxidase test, methyl-red test, indole test, citrate utilization test, and sugar fermentation test were carried out on the isolates.

2.4 Physicochemical analyses of the water samples
Physical characterization to observe colour and odour, as well as chemical characterization of the borehole water samples, was conducted as described by (APHA, 1998). Physico-chemical parameters analyzed include pH, conductivity, total dissolved solid, salinity, chlorides, total hardness, sulphate, nitrate, and turbidity.

2.4.1 Water Digestion for Heavy Metal Analysis
The borehole water samples were digested for heavy metal analyses. 100 ml of the water samples each were transferred into a beaker (the beaker was rinsed with 1:1 HNO3 to avoid contamination). 3ml of conc. HNO3 was added to it and covered with a ribbed watch glass and placed on a hot plate. It was heated slowly until it evaporated to about 5ml (do not boil). It was allowed to cool and 3ml of conc. HNO3 was added to the solution. The temperature was increased to achieve a gentle reflux action. The heating continued with the addition of acid until the sample was clear and light in colour. It was evaporated until the volume was about 3ml. When cooled, 10ml of 1:1 HCl was added and heated up for 15 minutes to dissolve all the precipitate and residue. The volume was adjusted to 100ml with distilled water. Then, the water samples were evaluated in the PG AA500 machine for the desired metals.	Comment by user: Insert citation
2.4.2 Determination of total hardness of water
Total hardness was determined by introducing 20 ml of the borehole water sample in a sterile 250 ml conical flask. Two milliliters of Ammonium buffer solution were added to the water sample to maintain the pH between 9 -10. Then a few drops of EBT indicator were added to the conical flask, with the sample turning to a wine-red color. The sample was titrated against the 0.02M, EDTA solution until the color changed to blue. The total hardness of the water samples was calculated using the formula below.	Comment by user: Insert citation
Total hardness(mg/CaCO3) = 	Volume of titrates x 1000
				Volume of samples (cm3)

2.4.3 Chlorides Determination
Chloride content was determined by adding 20 ml of the borehole water sample in 250 ml conical flasks. One milliliter of Potassium Chromate indicator was added giving a light yellow coloured solution. The samples were titrated against a silver nitrate solution of 0.0282 N until a color change from yellow to brick red was observed for each of the water samples.	Comment by user: Insert citation

2.4.4 Conductivity, salinity and Total dissolved solids (TDS)
Electrical conductivity measures the ability of water to conduct electrical current. Since the electric current is carried by the ions in the solution, conductivity increases as the concentration of ions increases. To determine conductivity, salinity and total dissolved solids, 50ml each of the borehole water was measured into dry beakers. The machine (OHAUS STARTER 3100C) was adjusted to the selected mode, then the electrode was inserted in the beaker containing the samples. The result was recorded with stability in reading for each of the water samples.	Comment by user: Insert citation

2.4.5 pH
pH of water is the measure of how acidic or basic water is. Acidic water contains extra hydrogen ions (H+) while basic water contains extra hydroxyl ions(OH+). To determine pH, 50ml each of the water samples were measured separately into a 100ml beaker and the electrode of the pH meter (pH 3c) was inserted into the beakers containing the water samples and results were noted as the reading stabilized.	Comment by user: Insert citation
2.4.6 Turbidity
This was determined by a photometric method using a Lutron turbidity meter (model Tu.2016). Ten millilitres of distilled water were measured into the cuvette and was used as a blank to zero the instrument, after which 10ml each of the borehole water samples was then measured into the cuvette. Results were then recorded in NTU.	Comment by user: Insert citation

2.4.7 Colour (method)
The colour (apparent) of water was determined by the colorimetric platinum cobalt method using H183300 Hanna multiparameter bench photometer. Ten millilitres of the unfiltered borehole water samples each were introduced into test tubes and the value of the apparent colour was noted in pcu (platinum cobalt unit).	Comment by user: Insert citation

2.4.8 Nitrates
Nitrate was determined by the cadmium reduction method using an H183300 Hanna multiparameter bench photometer. One sachet of nitrate reagent powder was added to 10 ml of each of the borehole water samples, shaken for 60 seconds and inserted into the cell compartment.  Values of nitrate were noted as displayed in milligrams per litre.	Comment by user: Insert citation 

2.4.9 Sulphate
Sulphate was determined by introducing 200ml of each of the borehole water samples into three separate 400ml volumetric flasks. pH was adjusted by adding 5 ml of 1:1 HCl. The water samples were heated, stirred gently while adding 30ml barium chloride, and then digested at 80 degrees in the water bath for at least 2 hours. Samples were dried at 105 degrees for 30 minutes, allowed to cool at room temperature in a desiccator and weighed. The sulphate concentration is calculated by subtracting the weight of the empty filter paper from the weight of the filter paper and sample.
Sulphate (mg/L) = Weight of filter paper and sample – Weight of empty filter paper 	Comment by user: Insert citation
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3.1 Bacteriological Evaluation
The result of the total bacterial counts from the borehole water samples is presented in Table 1. From the result, the total plate count from borehole sample A gave the highest plate count of 3.70 x 104cfu/l with sample C presenting the lowest count of 1.42 x 104 cfu/ml. 

Table 1: Total bacteria count  
	Borehole samples
	Total bacteria count (104cfu/ml)

	A
	3.70

	B
	2.54

	C
	1.42








The morphological and biochemical characteristics of the isolates are shown in Table 2. Four organisms with distinguishable morphological, cultural and biochemical characteristics were identified as Escherichia coli, Salmonella spp, Klebsiella pnuemoniae and Pseudomonas aeruginosa. This report is in line with previous works conducted by (Umeh et al., 2020) and (Okafor et al., 2023).  


Table 2: The Morphological and Biochemical Properties of the Bacteria Isolates 
	Characteristics

	Colour 
	Shape 
	Gram reaction
	catalase
	oxidase
	Indole test
	Methyl red test
	citrate
	Urease
	Glucose 
	Lactose 
	fructose
	Probable        organism

	Isolate A
	Green metallic sheen
	cocci
	+
	─
	─
	─
	+
	─
	─
	A/G
	A/G
	A/G
	E. coli

	Isolate B
	Milky
	cocci
	+
	+
	─
	─
	+
	─
	+
	A/G
	A
	A
	Salmonella sp.

	Isolate C
	Mucoid pink on Mannitol agar
	cocci
	─
	+
	+
	─
	─
	─
	+
	A/G
	A/G
	A/G
	K. pnuemoniae

	Isolate D
	Lemon green
	cocci
	─
	+
	+
	─
	─
	+
	─
	─
	─
	─
	P. aeruginosa



3.2 Physicochemical parameters of the borehole water samples
The pH of water is the measure of how acidic or basic nature of water. Acidic water contains extra hydrogen ions (H+) while basic water contains extra hydroxyl ions(OH+). The pH values from the borehole water samples analyzed were in the range of 5.41mg/L ─ 5.94mg/L as seen in Table 3. The pH values are lower than the WHO standards of 6.5 ─ 8.5, indicative of high acidity, which may be caused by the deposition of acid-forming substances in the dump site and by precipitation leached into the groundwater. These values are lower than the permissible limit thus confirming that the groundwater from the three sources are strongly acidic and therefore corrosive. 
The electrical conductivity of water measures the ability of water to conduct electrical current. It was observed that the conductivity of all the water samples falls within the WHO permissible limit with values of 16.19μS/cm to 44.90μS/cm for the selected borehole water samples around the university environment. The values conform with the works of Bernard and Ayeni (2012) who reported conductivity values of 135μS/cm and Umeh et al. (2020) who recorded conductivity values ranging from 088.27μS/cm to 283.40μS/cm. The values obtained could be related to the concentration of salts dissolved in the water and their closeness to the open dumpsites which is an indication of its effect on the water quality caused by inorganic materials that dissolved in the dumpsites and finally leached into the groundwater. 
The total dissolved solids value of the water samples ranged from 8.10 mg/L ─ 22.50mg/L. Water containing TDS concentrations below 1000 mg/L is usually acceptable to consumers, although acceptability may vary according to circumstances. According to the Australian Drinking Water Guidelines (1996), high TDS values may be an indication of the presence of excessive concentrations of some specific substances. The salinity values recorded were all within the WHO permissible limit for all the borehole water samples with values of 0.02- 0.03mg/L.
Hardness is a term used to express the properties of highly mineralized waters. The dissolved minerals in the water cause problems such as scale deposits in hot water pipes and difficulty in forming lather. For the borehole water samples analyzed, the total hardness values ranged from 50mg/L–75mg/L which is below the WHO permissible limit of 100mg/L-500mg/L. Waters with a hardness of less than 100 mg/L have little buffering capacity and may cause corrosion of metallic receptacles (WHO, 2024). The values indicated that the waters lie under the classification of very hard nature and may cause encrustation in the water supply structure and adversely affect domestic use.   
Turbidity means cloudiness of water and measures the ability of light to pass through water. From the result, turbidity measurements ranged from 2.32 NTU to 3.49 NTU for the borehole water samples. Individual turbidity values were below the World Health Organization's permissible limit of 5.0 NTU. Groundwater normally has very low turbidity because of natural filtration that occurs as water penetrates through the soil.
Lower concentrations were recorded for the conversion products of ammonia, explicitly nitrate. The nitrate contained in the selected borehole water samples ranged from 6.99 mg/L to 8.62mg/L. High nitrate concentrations in drinking water may cause methemoglobinaemia as stated in the report by NHMRC– ARMCANZ (Australian Drinking Water Guidelines, 1996)). This is especially common in newborn babies/infants. However, the nitrate concentrations were all within WHO permissible limits of 10mg/L. 
Chlorides occur naturally in groundwater but the occurrence in high concentration may be an indication of water pollution. Chloride concentrations ranged from 4.999 mg/L to 9.997 mg/L for the samples. All the selected borehole water sample concentrations fall within the WHO permissible limit. According to the (Institute of Medicine, 1997), the main operational issue for chloride is its ability to increase the corrosiveness of water, particularly in low alkalinity waters. High concentrations of chloride may result in a detectable taste in water, but consumer acceptability varies widely depending on the form of chloride. 
Sulphate ions occur in water and high concentration is usually caused by the leaching of the natural deposit of sodium sulphate (Glauber’s salt) and magnesium salt (Epson salt). Sulphate levels in borehole water samples collected ranged from 32.928─58.508 mg/l and all the values are within the WHO permissible limit of 200 mg/l.  Potassium levels range from 0.5012 ─ 0.8363mg/l. All are below the World Health Organization permissible limits. Higher levels of Na and K may also indicate the leaching and dissolution of secondary salts in the pore spaces.
Magnesium levels in the water samples range from 0.2532 ─ 0.5836mg/l. Mg level is within the World Health Organization limit (30 mg/l).  Magnesium salts, according to WHO (2006), play an important role in bone structure, muscle contraction, nerve impulse transmission, blood clotting and cell signals. Magnesium deficiency affects neurological and neuromuscular function, resulting in anorexia, muscular weakness, lethargy and unsteady gait.

Table 3: Physicochemical properties of the analyzed borehole water samples
	Parameters
	Borehole
 Sample A
	Borehole
Sample B
	Borehole 
Sample C
	WHO Standard

	pH
	5.94
	5.67
	5.41
	6.5 – 85 

	Conductivity
	59.60
	44.90
	16.19
	100 – 500 μS/cm

	TDS
	29.80
	22.50
	8.10
	1000 mg/L

	Salinity
	0.03
	0.03
	0.02
	 -  

	Chlorides
	4.999
	9.997
	9.997
	200 – 250 mg/L

	Total hardness
	75.0
	75.0
	50.0
	100 – 500 mg/L

	Sulphate
	53.508
	41.160
	32.928
	200 mg/L

	Nitrate
	6.99
	8.62
	7.68
	10 mg/L

	Turbidity
	3.49
	2.32
	2.41
	1 – 5  NTU

	Magnesium
	0.3656
	0.5836
	0.2532
	30

	Potassium
	0.5065
	0.8363
	0.5012
	10.557



Heavy Metal Evaluation
The result of the heavy metal evaluation of the selected borehole water samples is presented in Table 4. From the result, high concentrations of arsenic were detected in the three borehole water samples. Lead was not detected in borehole water sample A, but was dictated in slightly higher concentration in borehole samples B and C.  Iron (Fe) was detected in borehole water sample B with value below WHO limit. Other heavy metals such as zinc, chromium, copper, manganese and selenium were not detected in the three water samples analyzed. 

	Heavy metal
	Borehole A
	Borehole B
	Borehole C
	WHO Standard

	As
	1.3077
	3.1538
	3.0769
	0.01

	Pb
	ND
	0.0146
	0.138
	0.01

	Fe
	ND
	0.0177
	ND
	0.3

	Zn
	ND
	ND
	ND
	3

	Cr
	ND
	ND
	ND
	─

	Cu
	ND
	ND
	ND
	2

	Mn
	ND
	ND
	ND
	0.1

	Se
	ND
	ND
	ND
	─


Table 4: Heavy metal concentrations of the selected Borehole water samples











CONCLUSION	Comment by user: Conclusion is very brief, please summarize the key research findings and include health implication and recommendation
In conclusion, the evaluation of the borehole water samples revealed the qualities and pollution levels of the ground water. Although results showed values of the physicochemical parameters and heavy metals within the WHO limits, the presence of the coliform bacteria calls for improved sanitary conditions of the student lodges, especially as regards to wastes disposal and management. 
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