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BACTERIOLOGICAL ANALYSIS OF WATER SOTORED IN TANKS IN SOME SELECTED HOSTELS IN AND AROUND C.K.T. UTAS CAMPUS.

[bookmark: _Toc208068215]ABSTRACT
The use of unsafe water supplies and microbial contaminated water for various domestic purposes may pose serious health challenge to users. The aim of the research was to determine the bacteriological quality of water stored in tanks in and around hostels of the C. K. Tedam University of Technology and Applied Sciences (C. K. T. UTAS) in Navrongo, Ghana. Questionnaires were used to obtained information about the poly tanks and the usage of water from the tanks by students of the selected hostels. Samples of water were collected from hostels of interest and analyzed for total viable bacteria count, total coliforms and faecal coliforms using standard microbiological techniques. Samples were plated on MacConkey, Chromocult Coliform and Nutrient Agar, and isolates were subjected to Gram staining and other series of biochemical tests for identification and characterization. The outcome of the study showed the presence of Bacillus spp., Klebsiella spp., Staphylococcus spp. and Micrococcus spp., while Escherichia coli was absent in all the water samples. Total viable counts obtained were from 14cfu/mL to 147cfu/mL and total coliform counts ranges from 1cfu/mL to 3cfu/mL. These outcomes showed that water stored in hostel’s poly-tanks especially ones that have not been washed over long period of time contains bacterial species that make it inappropriate for direct consumption without further treatment. The findings showed the need for regular cleaning and monitoring of water storage tanks to prevent waterborne diseases. 
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INTRODUCTION
Water is universally accepted as a great natural resource that supports all kinds of life on the planet earth. In addition to the physiological significance, water is also significant in agriculture, industry, household and environmental balance. Nonetheless, safe drinking water is a worldwide problem and especially in the developing nations, whereby, poor sanitation and substandard water management practices are piling up waterborne diseases burden. The World Health Organization (WHO, 2023; Cabral, 2010) revealed that over 1.7 billion individuals in the world continue to use water, which contains faecal waste and predispose them to such infections as cholera, typhoid fever and diarrhea. 
In Ghana and many parts of sub-Saharan Africa, potable water scarcity has compelled communities and institutions to rely on storage tanks (Poly-tanks) as supplementary means of water preservation during periods of interrupted supply. While this practice provides temporary relief, it also introduces new risks of secondary contamination arising from poor maintenance, microbial regrowth and environmental exposure. Numerous studies (Brick et al., 2004; Eniola et al., 2007; Adetunde and Glover, 2010) have reported that water stored in overhead tanks or poly-tanks can harbor various microorganisms, including heterotrophic bacteria and coliforms, which thrive in stagnant water, sediment deposits and biofilms that form on the tank’s inner surfaces.
     Bacteriological contamination of stored water is particularly concerning because microorganisms such as Escherichia coli, Klebsiella, Bacillus, Pseudomonas, Staphylococcus and Micrococcus species are known indicators of water quality deterioration and potential health risk (Paye et al., 2021; Uwishema et al,.2021). E. coli is a principal faecal indicator organism whose presence reflects recent faecal contamination and possible occurrence of enteric pathogens (WHO, 2012). Even in the absence of E. coli, the detection of total coliforms or high heterotrophic plate counts (HPC) suggests bacterial regrowth and possible hygiene lapses in the storage system (Ogba et al., 2021).
The design, material and maintenance of storage tanks greatly influence water quality. Schafer and Michelicic (2012) have also found that polyethylene tanks tend to become re-contaminated by microbes because of the increased water temperature and the growth of biofilms compared to concrete or fiberglass tanks. It was also shown that long storage period, low residual chlorine value and presence of sediments increase bacteria in household water tanks to a large extent (Tokajian and Hashwa, 2003;2004). Adetunde and Glover (2010) established that in Ghana, majority of student hostels and households use groundwater which is not treated and is stored in plastic tanks that are not always cleaned and disinfected.  
This is of great concern especially in the university fraternities like C. K. Tedam University of Technology and Applied Sciences (C. K. T. UTAS) in Navrongo, where the increasing number of students places strain on the water resources available. Poly-tanks supplied by either Ghana Water Company Limited or boreholes are important to the hostels around and within the campus. Most of these tanks are not covered, they are placed on elevated platforms and rarely washed, therefore creating the best environment where microbes can thrive (Binibor et al., 2025). The eventual re-contamination of treated water stored is potentially dangerous to the health of students and residents, especially through consumption of untreated or poorly treated water or use of this water to cook food and brush their teeth (Jones, 2015).  
Although the quality of microbial sources of surface and groundwater in Ghana has been reported (Aligu et al., 2021; Napacho and Manyele, 2010), there is a lack of information on the microbial condition of water when stored in domestic or institutional tanks. This is a major loophole in water quality monitoring since stored water may act as a second source of contamination despite having microbiologically-safe source water. The microbial composition and load of stored water is thus essential in the assessment of the risk of infringing on the health of the populace, as well as the prevention of outbreaks of infections and diseases.      
It is against this background that the present study was undertaken to determine the bacteriological quality of the water that was stored in hostel tanks both in and around the C. K. T. UTAS, Navrongo in Ghana. In particular, the objectives of the study were to obtain the total viable bacterial counts and coliform in the stored water, as well as to determine the bacteria species present in the water through the use of cultural and biochemical characterization techniques. The results will be used to form a baseline data on how to ensure better hygiene of water storage and as well as assist institutional and the municipal in eliminating waterborne illnesses on university residents.
METHODOLOGY
Before water samples were taken for analysis, prepared questionnaires were administered to students to find out their use of water from the various tanks. Managers of the selected hostels were equally interviewed for information about the poly tanks. Five water samples were collected from each hostel tank (Love, Dollar, Vatican City, Washington and VIP hostels) in the C. K. T. UTAS vicinity. Samples were collected aseptically into sterile bottles after flaming the tap nozzles and allowing the water to flow for a few seconds. Serial dilutions (10-1 – 10-5) were prepared, and 1ml aliquots were cultured on Nutrient Agar, MacConkey Agar and Chromocult Coliform Agar using pour plates method. Incubation was done in plates at 370C over a period of 24 - 48 hours followed by counting colony-forming units (CFU). Isolates were cloned and undergone gram stain and biochemical profile, such as catalase, citrate, coagulase, motility and triple sugar iron (TSI) cultures.
DATA ANALYSIS
The study employed descriptive statistics such as mean and percentages in the analysis of the results. In addition, the student’s t-test was employed to determine significant differences between the parameters.  P- values > 0.05 were considered as statistically insignificant difference.
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Table 1 indicate the use of poly tank water by students of the selected hostels. It can be seen from the table that 20(16.7%) of the students use the water for drinking purposes, whilst all of the students of the selected hostels use the water for cooking, bathing and washing.
Table 1. Various use of tank water among study hostels
	Uses
	Frequency
	Percentage

	Drinking
	20
	16.7

	Cooking
	120
	100

	Bathing
	120
	100

	Washing
	120
	100



Bacteriological examination revealed that there was a difference in bacteria contamination of the hostel water samples. 14 to 147 cfu/mL were the total viable bacterial counts, and 1-3 cfu/mL were the total coliform counts, which are indicated in Table 2. All samples did not have Escherichia coli, showing that there was no faecal contamination. Bacillus spp., Klebsiella spp., Staphylococcus spp. and Micrococcus spp.  were the most common bacteria isolates that were identified. 
Table 2: Summary of Total viable and coliform counts.
	Sample Source
	Total Viable Count (cfu/mL)
	Total Coliform Count (cfu/mL)

	Love Hostel
	14
	1

	Dollar Hostel
	85
	3

	Vatican City Hostel
	147
	2

	Washington Hostel
	63
	3

	VIP Hostel
	72
	1



Biochemical identification of isolates indicated that there were Gram-positive and Gram-negative bacteria in the stored water samples. The results (Table 3) showed that Bacillus spp. were motile, catalase-positive rods, while Klebsiella spp. were non-motile, Gram-negative rods that utilized citrate and produce gas on TSI medium. Staphylococcus spp. were identified as Gram-positive, catalase and coagulase positive cocci arranged in clusters, whereas Micrococcus spp. appeared as Gram-positive cocci in tetrads, catalase-positive but coagulase and citrate negative. These biochemical profiles are consistent with typical characteristics of the respective genera (Cheesbrough, 2006), confirming the occurrence of both environmental and human-associated bacteria in the stored water samples. 
Table 3: Summary of Biochemical Characteristics of Bacterial Isolates from Stored Water Samples
	Bacterial Isolate
	Gram Reaction
	Catalase Test
	Coagulase Test
	Citrate Utilization
	Motility
	TSI Reaction
	Probable Identity

	Isolate 1
	Gram +ve rods
	+
	-
	+
	+
	A/A (acid/acid)
	Bacillus Spp.

	Isolate 2
	Gram -ve rods
	+
	-
	+
	-
	A/A (acid/acid), Gas
	Klebsiella spp.

	Isolate 3
	Gram +ve Cocci (clusters)
	+
	+
	-
	-
	K/A (alkaline/acid)
	Staphylococcus spp.

	Isolate 4
	Gram +ve cocci (tetrads)
	+
	-
	-
	-
	K/K (no fermentation)
	Micrococcus spp.
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Water that is free from disease causing organisms and chemicals that are harmful to human health is said to be potable. It can be observed that about 16.7% of the students in the selected hostels use the water in the poly tanks for drinking purpose whilst all the students in the selected hostels use it for cooking, bathing and washing. Poly tanks that were cleaned recently had lower total coliforms and faecal coliform counts. These findings are consistent with Levesque et al, 2008 who reported that cleaning and emptying is a way to significantly lower poly tank water contamination. All the same, it should be noted that build-up of sediments in water tanks can serve as source of supply of suitable nutrients for bacteria to grow and multiply as reported by House and Reed (1997).
The bacteriological assessment of water stored in hostel tanks around C. K. T. UTAS revealed deviations from drinking-water safety standards, reflecting poor handling and storage hygiene. Although faecal coliforms and E. coli were absent, thus indicating no direct faecal contamination and suggesting that the source of water was microbiologically safe, the detection of total coliforms in some samples (Dollar, Washington and Vatiican) exceeded both the Ghana Standard (≤ 50 CFU/mL) and the WHO guideline value of 0 CFU/mL (Edberg et al., 2000; WHO, 2017). Their presence implies environment contamination and possible integrity loss of the distribution or storage systems. For several years residents reported that tanks were not cleaned and this supported the probability of biofilm formation and re-growth of micro-organisms. The high Total Viable Counts (TVC > 100 CFU/mL) observed in all samples also exceeded WHO limits and suggests poor sanitary conditions, prolonged stagnation and favourable conditions for bacterial proliferation (Ferraira et al., 1994; Pavlov et al., 2004). Similar observations have been made by Ogba et al. (2021) and also Manga et al, (2021) in stored household water. 
The bacterial isolates identified (Klebsiella spp., Staphylococcus spp., Bacillus spp., and Micrococcus spp.) indicate multiple contamination pathways. Klebsiella spp. are opportunistic pathogens capable of surviving in water distribution systems and biofilms (Percival and Williams, 2014), while Staphylococcus spp., part of normal skin flora, point to human-handling contamination (Odonkor and Ampofo, 2013). Bacillus and Micrococcus species are environmental organisms commonly introduced through dust, air or unsealed vents (Momba et al., 2006). The consistent recovery of these bacteria together with high TVC, demonstrates that the primary concern is inadequate tank maintenance rather than source-water quality. Regular cleaning, disinfection and monitoring of storage tanks are therefore essential to prevent microbial regrowth and ensure the safety of stored water for consumption. 
Conclusions and recommendations
From the study it can be observed that a sizeable number of the students in the selected hostels use the water in the poly tanks for drinking purposes. Therefore, contamination of the storage poly tanks water posed public health concern. 
The bacteriological assessment of water stored in hostel tanks within and around C. K. T. UTAS revealed that, although faecal coliforms and E. coli were absent, the presence of total coliforms and other bacteria such as Bacillus spp., Klebsiella spp., Staphylococcus spp. and Micrococcus spp. are evidence of secondary contamination that occurs due to poor storage and handling. High total viable counts above Ghana standard authority limits and WHO guideline values also indicate the possibility of microbial regrowth and biofilm development in the tanks and may pose health risk to users. These results proved that the source water is usually safe but it is contaminated during storage because of poor cleaning, exposed tanks and stagnation. 
Consistent cleaning and disinfection of water poly-tanks, enforcement of water storage hygiene protocols and routine bacteriological analysis are therefore recommended to ensure that water supplied to hostel’s residents remains potable for domestic use. Public health authorities and institutional management should increase awareness campaigns on proper poly-tank maintenance and adopt preventive strategies to minimize microbial contamination in stored water systems.  
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