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Introduction 

ater is everywhere, but little hygienic one 

is available to drink. The total amount of 

water on earth is finite. It neither 

increases nor decreases, but may change location 

due to climatic changes, human activities or both. 

Everything originated in the water, and everything is 

sustained by water. All life on earth depends on 

water (Balasubramanian, 2015). Many uses water for 

different purposes; drinking, irrigation, fisheries, 

industrial processes, transportation and water 

disposal (Henderson, 1974).  
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The relationship 

between 

demand for 

adequate clean 
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The origin of water on the earth is not clear so far. However, the current 

presumption is that the primordial earth had no oceans and perhaps very 

little atmospheric. It is believed that the volatile constituents bound in the 

dysentery, typhoid fever, hepatitis, cholera, schistosomiasis, urinary tract 

infection and ascariasis etc. this has led to economic downturn of so many 

countries. Bacteriological assessment of well water conducted within digil 

ward is to determine the water quality consumed on daily basis at the area. 

The sources of water from wells, lakes, streams and hand drilled boreholes 

are not mechanically and chemically pure; even though chemistry has 

thought us use of hygienic than pure in water analysis because even the 

rainfall contains dust particles sometimes mixed with microorganisms and 

dissolved materials from the atmosphere. With the collection of ten 

samples from ten different wells in five different locations of digil ward 

using 200ml sterile screwed copped glass bottles, the glass bottles was 

carefully covered and labeled for easy identification, the bottles were kept 

inside cool box under frozen temperature and transported to Microbiology 

laboratory Biological Science Federal Polytechnic Mubi for analysis. The 

pour plate method was used to determine Total hetetrophic bacterial 

count and Hanging drop method was used to test the motility of bacteria 

in the 10 samples of well water collected in Digil ward, very high bacterial 

count show presence between 28.5 – 13.30 x 102  which is more than the 

recommended accepted zero coliform/ml. The study has clearly shown that 

there is high level of contamination caused by bacteria in the well water as 

a result of pathogenic organisms in Digil ward. To reduce the high 

prevalence of well water contamination, it is recommended that wells 

must be dug must be deeper and must be far away from latrines and 

adequately covered. 

 

Keywords: Bacteriological Assessment, Hetetrophic count, Pathogenic 

Organisms, Well Water, Digil ward 
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earth`s crust, oozing to the surface through volcanoes rock atmosphere. 

This way, perhaps the remarkable combination of hydrogen and oxygen 

called water came into being and eventually became an indispensable 

component of the earth`s environment (Sobsey et al., 2002).  

 The inadequate supply of clean drinkable water and the frequent pollution 

of existing supplies create very serious health problems for people living in 

developing countries like Nigeria. water serve as a vehicle for the 

transmission of diseases like typhoid fever, botulism, diarrhea, dysentery, 

Schistosomiasis, ascariasis, acute severe syndrome etc. which have 

contributed immensely to the stagnation of the economic development of 

some of these nations (Okoufu et al.,1990).  

Well water is an excavation or structure located in the ground by digging, 

driving, boring or drilling to access groundwater in the underground 

aquifers mechanically or manually (Kirby, 1997). Water is not only essential 

to life but it is the predominant inorganic constituent of living matter, 

forming, in general, nearly three quarters of the weight of the living cell. It 

makes up to some 5 percent of the body weight of an adult human and can 

form as much as 98 percent of the mass of certain jellyfish. Organisms which 

contain relatively small amounts of water are generally in dormant state or 

show very slow development; seeds and certain invertebrates that live in 

arid environments are examples. On the other hand, high rainfall over a land 

mass invariably means a large biomass per unit area (Annan, 2003).  

Water serves as the second natural medium for the growth of 

microorganisms and stands next to soil. The growth of microorganisms in 

water mainly depends on the amount of available mineral nutrient and the 

dissolved oxygen present in it. It has been observed that as the amount of 

organic matter increases in water, the number of microorganisms also 

increases but up to certain limit (Sobsey et al., 2002). The number of 

bacteria and other microbes will always be higher in river passing by thickly 

populated cities than of the villages because persons living in cities are 

continuously disposing sewage water and other waste products in rivers 

which contains a very high amount of mineral nutrients, a medium for their 
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growth. Moreover, the pH, temperature range and inorganic phosphate 

content as well as the situation of the lake and river also support the growth 

and cause a dense population of microorganisms. These organisms 

(bacteria, blue green algae etc.) form heavy blooms under these conditions 

(Abraham. M, 1984).  

Bacteria microscopic single organisms that are found in virtually all 

environments, including soil, water, organic matter and the bodies of 

humans and animals. There can also be bacteria in well water. Bacteria are 

sometimes categorized by their shape, for instance, they may have 

spherical, rod like, or spiral shapes (RG Sinclair, 2011).  

One important group of bacteria, when discussing water quality, is coliform 

bacteria. These groups of mostly harmless bacteria live in soil, water and in 

the digestive system of humans and animals. Faecal coliform are present in 

large numbers in our digestive tracts and those of animals (JPS Cabral, 

2010).  

Faecal coliform bacteria in well water are used as “indicator” organisms that 

may provide information on the presence of other, disease causing bacteria 

in well water. If large numbers of faecal coliform are present, they are more 

easily detected than the pathogenic bacteria, since pathogens are typically 

present in such small numbers that they cannot be monitored directly. So it 

is common to test for faecal coliform in well water as a way of indirectly 

determining the presence of other pathogenic bacteria (Tukur et al., 1999).  

Water virology started about half a century ago when scientists attempted 

to detect the polio virus in water samples. Since then, other pathogenic 

viruses that are responsible for gastroenteritis, hepatitis and many other 

virus strains have replaced entero viruses as the main aim for detection in 

the water environment (WHO, 1996).  

 

Sources of Water Pollution  

This section gives information about the most significant sources of water 
pollution:  
a) Sewage (waste water): sewage is another name for waste water 

from domestic and industrial processes. Despite strict regulatory 
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control, the environment agency data shows that the water and 

sewage industry accounted for almost a quarter of the serious water 

incidents in England and Wales in 2006 (Pink, Daniel H, 2006).  

b) Agricultural pollution: the agricultural industry covers 76% of the land 

area of England and Wales. Agricultural processes such as 

uncontrolled spreading of Sherries and manure, disposal of sheep 

dip, tillage, ploughing of the land, use of pesticides and fertilizers can 

cause water pollution. Accidental spills from milk dairies can also 

affect the quality of water (Larry.M, 2006).  

c) Oil pollution: every year there are about 3,000 pollution incidents 

involving oil and fuels in England and Wales. Oil spillages affect water 

quality in a number of ways. Oil can make drinking water unsafe to 

drink. A substantial amount of oil released into oceans and seas will 

destroy wildlife and the ecosystems that sustain them. The main 

causes of oil related water pollution are: 

- Loss from storage facilities  

- Spillage during delivery and 

- Deliberate disposal of waste oil to drainage system (Wachman & 

Richard, 2007).  

d) Radioactive substances: radioactive waste is another source of water 

pollution. Radioactive substances are used in nuclear power plants, 

industrial, medical and other scientific processes. They can be found 

in watches, numinous clocks, television sets and x-ray machinery 

there are also naturally occurring radio isotopes from organisms and 

within the environment. If not properly disposed of, radioactive 

waste can result in serious water pollution incidents (Moss, Brian, 

2008).  

e) River dumping: lots of people dump super market trolleys, bicycles, 

garden cuttings and electronic waste into rivers or river banks. This is 

illegal and offenders may be charged for fly-tipping if caught. River 

dumping not only causes water pollution; it also harms wildlife and 

increases the risk of flooding. Fly-tipping (this includes river dumping) 
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is a criminal offence. In the most severe cases, it can attract a 

maximum fine of £ 50,000 or a 5 year jail term (Goel, P. K., 2006). 

f) Marine dumping: the world wide fund for nature (WWF) estimates 

that a staggering amount of waste enters into the sea every year. 

Part of this is due to deliberate dumping of waste into coastal waters. 

Other sources of waste at sea include plastics and other materials 

blown or washed from land. Marine dumping is illegal under 

international and UK legislation (Zaikab et al., 2011).  

 

Water Recycling Methods 

Through the natural water cycle, earth has recycled and reused water for 

millions years, even though it generally refers to projects that use 

technology to speed up these natural processes. Water recycling is often 

characterized as “unplanned” or “planner”. A common example of 

unplanned water recycling occurs when cities draw their water supplies for 

rivers, such as the Colorado River and the Mississippi River, that receive 

waste water discharges upstream from those cities. Water from these rivers 

has been rinsed, treated and piped into the water supply a number of times 

before the last downstream user withdraws the water. Planned projects are 

those that are developed with the goal of beneficially rinsing a recycled 

water supply (Disney Education, 2011).  

Recycled water can satisfy most water demands, as long as it is adequately 

treated to ensure water quality appropriate for the use.  

 

Physiochemical Parameters of Water  

The physical and chemical properties of a freshwater body are 

characteristics of the climatic, geochemical, geomorphological and 

pollution conditions (largely) prevailing in the drainage basin and the 

underlying aquifer. The biota in the surface water is governed entirely by 

various environmental conditions that determine the selection of species as 

the physiological performance of the individual organisms. The primary 

production of organic matter, in the form of phytoplankton and 
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macrophytes is more intense in lakes and reservoirs than in rivers. In 

contrast to the chemical quality of water bodies, which can be measured by 

suitable analytical methods, biological quality is a combination of both 

qualitative and quantitative characterization. This can be carried out in two 

levels (Jindat, 2011).  

- Response of individual specie to changes in its environment.  

- Response of biological communities to changes in their environment  

(Gupta, 2017).  

 

Heavy Metals in Water 

Heavy metals can enter a water supply by industrial and consumer waste, or 

even from acidic rain breaking down soils and releasing heavy metals into 

streams, lakes, rivers and ground water (Mohiuddin, 2011).  

Heavy metals toxicity can result in damaged or produced mental and central 

nervous function, lower energy levels and damage to blood composition, 

lungs, kidneys, liver and other vital organs. Long term exposure may result 

in slowly progressing physical, muscular and neurological degenerative 

processes that mimic Alzheimer’s disease, Parkinson’s disease, muscular 

dystrophy and multiple sclerosis. Allergies are not uncommon and repeated 

long-term contact with some metals or their commons may even cause 

cancer (WHO, 2002). Some well-known toxic metallic elements include: 

arsenic, cadmium, iron, lead and mercury (Lide, 1992).  

 

MATERIALS AND METHODS 

Hand gloves, Petri dish, Test tubes, Measuring cylinders, Test tube racks, 

Masking tape, Cotton wool, Durham tubes, Autoclave, Aluminum foil, 

cornical flask, Nutrient agar, Eosin Methylene blue and Lactose broth. 

 

Study Area 

Mubi town located in Adamawa State is near the border between Nigeria 

and Cameroon Republic. Mubi is situated in the northern part of Nigeria (I.e. 

North-East Nigeria) between latitudes 9o 211 and 10o N1 and between 
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longitudes 73o and 11 and 13o 44e. The area has a landmass of 506.4km3 with 

the population size of 759,045 at a density of 160.5 persons per square 

kilometer.    

 

Collection of Samples 

Ten samples of water were collected using 200ml sterile screwed copped 

glass bottles at five different locations of digil ward. The lid was aseptically 

removed and the bottle was lower into the well, the bottle was filled to the 

surface and covered with a screw cap with no air bubbles. All the sample 

bottles was immediately labeled and transported in icepack to the 

laboratory for bacteriological analysis within two (2) hours of collection.  

 

Preparation of Media 

Nutrient agar medium, Lactose broth, Eosin Methylene blue, preparation of 

Lactose broth was done according to manual guidelines instructed by the 

manufacturer and it was sterilized at 121oC using autoclave machine for 

about 10-15 minutes. 

 

Total Heterotrophic Bacterial Count  

The pour plate method was used as described by Chesebrough, (2000). 

0.1ml of undiluted water sample was sequentially diluted with the dilution 

factor of 10 in the ratio of 1:10 and the aliquots was inoculated into 0.1ml 

carefully poured into molten cooled agar in a petri dish. The petri dish will 

be shaking gently, allowed to solidified and incubated aerobically at 37o
C for 

18-24 hours.  

Cfu/ml  = no. of colonies x reciprocal of dilution factor 

Volume of water used 

Dilution factor - 10 

Volume of water aliquots - 0.1ml 

Also, isolates from total heterotrophic counts was sub cultured into nutrient 

agar slant for further biochemical characterization and identification.  
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Biochemical Characterization and Identification of Isolates 

Stock cultures of bacteria isolates, with different cultural and morphological 

characteristics stored on nutrient agar slant were characterized based on 

standard method. The biochemical test that was employed for 

characterization and identification of the bacterial isolates include: gram 

staining, motility, use of voges-proskaurer and methyl-blue test.  

 

Grams Staining Technique 

Procedure for gram staining (Jelsen`s method) 

i. A smear of the bacteria culture was made on clean slide.  
ii. It was allowed to dry on the bench.  
iii. It was fixed by gently passing the lower part of the slide over flame.  
iv. On completion of fixing, Gram`s crystal violet solution was poured on 

the fixed fill and was allowed on it for one minute  
v. The crystal violet was washed off in a running tape for about two 

seconds.  
vi. Then a solution of Gram`s iodine was poured on the film and left on 

it for one minute.  
vii. Thereafter, the iodine was drained off and the smear was washed in 

a running tap water.  
viii. Immediately, a decolouriser, the alcohol was poured on the film, one 

drop after the other with tilting until the colour stops coming out of 
the stain.  

ix. Then, it was washed off in tap water.  
x. The Gram`s counter stain solution of safranin or carbol fuchsin was 

poured on the film and left on it for about thirty second.  
xi. The film was washed in tap water and was allowed to dry. Then, it 

was observed under the microscope using the oil immersion lens 
where Gram-positive cells appear violet in colour, while Gram-
negative bacterial appear red.  

 
Motility Test (hanging drop method) 

Procedure for motility test (hanging drop method) 

i. A thin layer of Vaseline was applied around the edge of the well in a 

concave slid.  
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ii. Then a loopfull of the bacterial suspension was put in the centre of a 

cover slip.  

iii. The concave slide was inverted and pressed on top of the cover slip 

so that the cover slip completely covers the well.  

iv. Thereafter, the entire preparation was quickly turned right slide up 

again. The edges of the cover slip were checked so as to make sure 

that the Vaseline sealed the edges properly. With this method, the 

drop of the bacterial suspension was handed on the underside of the 

cover slip with an air space created by the concavity of the slide.  

v. Then it was observed under the microscope for the bacterial cells in 

motion.  

 

Methyl Blue Test Procedure 

i.  MB/VP broth was inoculated with a pure culture of the test 

organisms.  

ii. Five (5) drops of methyl blue reagent was added directly to the broth. 

And it was incubated at 35oc for 48-78 hours.  

 

Statistical Analysis  
Statistical analysis of the total viable bacteria count, the internal and 
external of the examined well water was carried out using ANOVA one way 
method of interpretation.  
 
RESULTS AND DISCUSSION 
Table 1: Aerobic Heterotrophic Count of Bacteria Count in Digil Ward Well 

Water Samples. 

COMMUNITY NO. OF SAMPLES     BACTERIAL COUNTS 

 (×102 CFU/ML) 

TOTAL COLIFORM 

COUNTS(MPN/100ML) 

BATINDE              2 28.50 144.00 

WURO HARDE              2 22.00 102.60 

DIGIL              2 20.16 106.80 

SABONGARI               2 13.30 108.60 

DIDIF                2 22.15  286.00 

Sources: Field research 2022 
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The above table present the hetetrophic count of bacterial contaminates 

isolated from the Digil ward well water samples examined. Number of 

Sample represent samples collected from each well located in Digil ward 

Mubi North LGA Adamawa State. The microbiological analysis of the water 

sample shows different level of microbial contamination in well water 

samples. 

 

 
Figure 1.The Degree of bacterial contamination of the five different well 
water of Digil Ward 
 

Table 2: Macroscopic Characteristics of Isolate on Different Growth Media 

Culture Media Morphology Probable Isolate 

Maclonkey agar Pink colour colonies, mucoid, smooth 

and shiny 

Escherichia coli, enterobacter 

aerogenes 

Eosin methyl blue 

(EMB agar) 

Blue-black, pink-brown and mucoid 

colonies, colourles, spherical in shape 

Escherichia coli, Klebsiella 

aerogenes entrobacter 

aerogenes 

Salmonella Shigella 

(ss agar) 

Colourless usually with black center, 

pink, smooth, cluster, rodlike shape 

Entrobacter aerogenes 

Escherichia coli 

Yeast extract agar  

(YEA) 

White cream colonies with indulate 

margin, raised, circular form, cluster 

Candida tropocalis candida 

krusei candida albicas 

Sources: Field research 2022 
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The above tables present the culture media and their morphology which 

describe the external appearance of bacteria cells including colour, shape, 

arrangement and size. The probable isolate are the micrognisms in the 

culture media. 

 

Biological Characterization and Identification of Isolate 

Gram staining Techniques 

It is used to differentiate bacteria into two groups: Gram negative bacteria 

and Gram positives bacteria. The two groups are different in their cell wall 

constituent. 

 

Procedure: 

When the Gram negative and Gram positive bacteria were treated with 

crystal violet which is the primary stain with the gram positive, it gives a 

deep blue colour. Once they were treated with gram iodine solution which 

is the mordant. It fixes the gram crystal violet only to the gram positives 

bacteria when alcohol was added which is the decolouriser, it decolorizes 

the primary stain easily in the gram negatives bacteria. When carbol fuchsin 

was added which is the counter stain, it gives pink colour to the gram 

negatives bacteria and violet colour to the gram positive bacteria, the colour 

differences was due to the cell wall. 

 

Result: 

Gram Positive Bacteria 

The bacteria culture stained using gram staining technique in Gram positives 
cocci with cluster arrangement. The bacterium seen was staphylococcus SP. 
Gram Negative Bacteria 
The bacteria cultural stained using gram staining techniques was gram 
negatives Bacilli with no specific arrangement. 
The bacteria’s seen are E.coli, Salmonella SP 
 
Motility Test 
It is use to determine the bacteria in motion 
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Result 
Fuzzy appearance migrating away from stabling notice bacteria were 
observed at the edge of the drop actively motile bacilli was seen moving 
under objective lens (x40) bacteria seen was E.coli 
 
Methyl blue test/ voges-proskaver test 
Two sample were inoculated and was incubated for 24hrs after that five (5) 
drop of methyl blue was added into each sample labeled A and B 
 
Result 
In sample A after adding the methyl red a colour change appeared which 
indicate the presence of Escherichia coli as positive control 
In sample B after adding the methyl red, no colour dye appeared which 
indicate the presence of enterobacter cloacare as negative control. 
 
Interpretation 

1. If it is positive result a red colour change will appear 
2. If it is a negative result a yellowish colour dye will appear 

 
Discussion 
Table 1: Counting and recording to determine the total heterotrophic 
bacteria count pour and spread plates, all colonies on selected plates were 
counted promptly after incubation. The result control was recorded for 
each sample. During the preparation plate, the prepared samples volume 
was yield between 30 and 300 colonies per plate. 
The result of 1ml of undiluted sample was taken directly. Where serial 
dilution were made, the number of colonies was multiplied by the reciprocal 
of the dilution factor and recorded as bacterial counts (Cfu/ml) 
Table 2: Macconkey; all the Escherichia coli isolate were found to produce 
bright pink colonies on Macconkey agar, there smooth and shiny Eosin 
methyl blue: the colonies of klebsiella pneumonia are pink in color without 
green metallic sheen mucoid they are colourles and spherical in shape 
Salmonella, Shigella: introbacter aerogenes appears larger than E. coli; they 
are mucoid, colorless usually with black center, pink, smooth, cluster. 
Yeast extract agar: the colonies of candida tropicalis are creamed coloured 
to yellowish colonies, smooth, wrinkled. 
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CONCLUSION 
The study has shown that there is a high incidence of contamination of well 
water by pathogenic organisms. To reduce the wide spread incidence of 
contamination of well water, it is advocated that wells dug must be deep 
and covered adequately. Also good and proper personal and environmental 
sanitary practices must be maintained in and around the wells. Boiling well 
water before being used for drinking purposes and also the use of filters 
would also go a long way to prevent incidence of water borne diseases.  
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