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Abstract 
This work was undertaken to investigate microbial pollution of water resources in IBAA, 

one of the oil-producing Communities in Rivers State, Nigeria. A total of seven water 

samples were collected from different points in the following order: sample of 

underground water were collected from three different boreholes, a well water sample 

and surface water were collected from three points in a river, 200m apart and all located 

close to a spill site which occurred in June, 2007. Test results showed that the total 

bacterial counts and total coliforms counts were above limit for all the borehole samples 

tested while Escherichia coli and Salmonella typhi counts were within limit as specified 

by Department of Petroleum resources and World Health Organization for effluent water 

samples and drinking water samples respectively. Other microorganisms isolated from 

the water samples include Staphylococcus aureus, Enterobacter species, and Bacillus 

subtilis. Generally, the level of contamination of borehole water samples differ from that 

of both the well and river water samples. The river water and the well water samples 

were of poor microbial quality. To ensure supply of safe drinking water to the public, 

routine chemical analysis and microbial analysis is imperative to detect on time, 

incidental and eventual deterioration of water quality especially the Community High 

School water (CHSW) area which is prone to industrial pollution from the river. 

1. Introduction 

Water is indispensably and intricately connected to life as if without water there is no 

life. Seventy percent of the human body is water; seventy percent of the planet earth is 

water. This is the reason for which water must be given the necessary attention at all 

times. Good drinking water is not a luxury; it is one of the most essential amenities of 

life itself. The supply of safe drinking water to all has therefore engaged the attention of 

many individuals, groups, governmental organizations and the private sector. Safe 

drinking water is the priority of all people. The quality of water of a people can be a 

measure of their civilization. 

In many developing countries, availability of water has become a critical and urgent 

problem and it is a matter of great concern to families and communities depending on 

non-public water supply system (Abu and Egenonu, 2008; Okonko et al., 2008). Increase 

in human population has exerted an enormous pressure on the provision of safe drinking 

water especially in developing countries (Umeh et al., 2005). Unsafe water is a global 

public health threat, placing persons at risk for a host of diarrheal and other diseases as  
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well as chemical intoxication (Hughes and Koplan, 2005). 

Microorganisms play a major role in water quality and 

among the microorganisms that are concerned with water 

borne diseases are Salmonella sp., Shigella sp., Escherichia 

coli and Vibrio cholerae (Birmingham et al., 1997). These 

bacterial pathogens cause such illnesses like typhoid fever, 

diarrhea, dysentery, gastroenteritis, and cholera. Other agents 

of water borne diseases are protozoa which cause diarrhea 

example Entamoeba histolytica, Giardia lamblia, 

Balantidium coli (Jawetz et al., 1991) and Cryptococcus 

pervum (Kelly et al., 1997). There are also enteroviruses of 

various clinical ailments such as Polivirus, Rotavirus, 

Hepatitis A virus (Hejkal et al., 1982) and Hepatitis E virus 

(Benjelloun et al., 1997). The most dangerous form of water 

pollution occurs when feces enter the water supply. Many 

diseases are perpetuated by the faecal-oral route of 

transmission in which the pathogens are shed only in human 

feces (Tortora et al., 1998). The presence of faecal coliforms 

namely E. coli is used as an indicator for the presence of any 

of these water borne pathogens (Chukwura, 2001; 

Okpokwasili and Akujobi, 1996; Okafor, 1985). To maintain 

good health, water should be of good quality and quantity 

meeting local and WHO recommended standards of taste, 

odor and appearance (Cheesbrough, 2000). 

It has been reported that crude oil pollution tends to 

change physical and chemical properties of the soil thus 

indirectly affecting the growth of plants (Frankenberger and 

Johanson, 1982). 

About 90% of the Nigerian economy largely depends on 

revenue derived from crude oil. Although this particular 

natural resource has influence on the economy of nations, its 

exploration and exploitation bring a lot of hardship and 

negative effects as a result of oil pipeline rupture, oil well 

blowout, storage tank failures, effluent from petrochemical 

and refineries to mention a few. 

Water bodies are constantly used as receptacles for 

untreated waste water or poorly treated effluents accrued 

from industrial activities. This may render the water bodies 

unsuitable for both primary and/or secondary usage. One of 

the most critical crises in developing countries is the lack of 

adequate potable water. The usual source of drinking water is 

from streams, rivers, wells and boreholes which are usually 

not treated. In the Niger Delta region of Nigeria, the problem 

is getting potable water because of environmental pollution 

and degradation (Efe, 2002). Several studies in Nigeria had 

identified anthropogenic activities as easy source of water 

pollution (Ayoade, 1988 and 1994, Ayoade and Oyebande, 

1983; Obasi and Balogun, 2001; Ovrawah and Hymore, 2001; 

Abu and Egenonu, 2008). 

Though water is important to life, it is one of the most 

poorly managed resources in the world (Fakayode, 2005). 

The geology of the Western Niger Delta region is of the 

sedimentary type with a lithology of top layer of silty clay, 

and sand, followed by a thick sand layer (Okoye et al., 1987). 

The aim of this research therefore is to have a clear picture of 

how surface and groundwater resources in an oil producing 

community are impacted by microbial population and to 

make some recommendations as applicable. 

2. Materials and Methods 

2.1. Sample Collection 

Seven water samples comprising three from boreholes: 

Elenwo’s compound (ELW), Ohaka’s compound (OHW), 

Comprehensive High School compound (CHSW); three 

(RAW, RBW, RCW) from points in a river 200m apart all 

located close to a spill site which occurred in June, 2007 in 

IBAA Community in Emoha Local Government Area and 

one from a well (WEW) were collected and analyzed. 

Samples collected include Elewo borehole (310
o
NW; 4

o 

38’28”N and 6
o
42’23”E), Ohaka borehole (332

o
NW; 4

o 

57’33”N and 6
o
45’49”E), Comprehensive High School 

borehole (116
o
SE; 4

o 
55’44”N and 6

o
48’28”E), Point A river 

water (353
o
N; 4

o 
55’44”N and 6

o
48’28”E), Point B and C 

river water (111
o
N; 4

o 
55’44”N and 6

o
48’28”E), and Well 

water (55
o
NE; 4

o 
49’44”N and 7

o
1’33”E). The water samples 

aseptically collected using labeled sterile sample bottles were 

transported to the laboratory for microbial examination. 

Water samples were analyzed for total bacterial counts, total 

coliforms counts, total hydrocarbon utilizing bacteria, 

Escherichia coli, and Salmonella and Shigela species. 

2.2. Microbiological Analysis 

2.2.1. Enumeration of Total Hydrocarbon 

Utilizing Bacteria 

Total viable hydrocarbon utilizing bacteria was 

enumerated using the vapour phase method. Mineral salts 

medium was used to selectively isolate hydrocarbon utilizing 

bacteria using the vapour phase transfer method. 

2.2.2. Enumeration of Total Bacteria Count 

The total bacteria counts were enumerated on nutrient agar 

plates by spread plate method using 0.1 ml of dilutions 10
-1

 

to 10
-4

 of the bacterial suspensions. All inoculated plates 

were incubated for 24-48 hours at room temperature. The 

bacterial colonies on the plates were counted and randomly 

picked and purified by sub-culturing unto fresh agar plates 

using the streak plate technique. 

2.2.3. Enumeration of Escherichia coli 
About 100ml of the water samples was filtered through 

membrane filter with the aid of vacuum pump. The filter 

membrane was placed in the m-HPC agar plate. This was 

incubated using an incubator pre-set to 45.5 ± 5
o
C for 

24hours. 

2.2.4. Enumeration of Total Coliforms Count 

About 1ml water sample was pipetted into 9ml normal 

saline to form ten-fold dilution. Serial dilutions of 10
-1

 to 10
-3

 

were carried out using 1:9 dilution ratio for each sample. 

A 0.1ml aliquot of the pre-enrichment broth of 10
-1 

and 10
-3

 

dilutions was aseptically selected with a sterile pipette and 
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spread plated in duplicates with flame sterilized glass spreader 

on well dried MacConkey agar plates. The plates were 

incubated at 35
o
C for 24hours. 

2.2.5. Enumeration of Salmonella –Shigela 
Counts 

About 1ml water sample was pipetted into 9ml buffered 

peptone water to form ten-fold dilution. Serial dilutions of 

10
-1

 to 10
-3

 were carried out using 1:9 dilution ratio for each 

sample. 

A 0.1ml aliquot of the pre-enrichment broth of 10
-1 

and 10
-

3
 dilutions was aseptically selected with a sterile pipette and 

spread plated in duplicates with flame sterilized glass 

spreader on well dried SS agar plates. The plates were 

incubated at 35
o
C for 24hours. 

2.2.6. Identification and Characterization of 

Isolates 

Identification of the isolates was based on their culture 

morphology microscopic examination, carbohydrate 

fermentation, colonial morphology, Gram staining, Catalase, 

oxidase, motility, starch hydrolysis, IMViC and citrate 

utilization tests. References were made to Bergey’s Manual 

of determinative Bacteriology (1974) 8
th

 Edition for the 

identification of bacteria.  

3. Results and Discussion 

Seven water samples comprising three from boreholes: 

Elenwo’s compound (ELW), Ohaka’s compound (OHW), 

Comprehensive High School compound (CHSW); three from 

points in a river: (RAW, RBW, RCW) and one from a well 

(WEW) were analyzed. 

The total bacteria counts (Table 1) of the water samples 

ranged from 3.7 × 10
2
 cfu/ml to 3.3 × 10

5
 cfu/ml with no 

sample having bacteria count within the limit of 100cfu/ml 

allowed for potable water (NSDWQ, 2007). Generally, the 

microbial loads of the samples analyzed were high above 

standard limits specified by WHO for total coliforms (Table 2) 

except ELW, OHW and CHSW that showed average values 

of 0cfu/100ml and 0cfu/ml for Salmonella species and E. coli 

counts respectively (Tables 3 and 4). There was no observed 

growth for total hydrocarbon utilizing bacteria (Table 5). 

Table 1. Total Heterotrophic Bacteria (cfu/ml) 

Sample Identity Average 

ELW 3.7 × 102 

OHW 7.4 × 102 

CHSW 2.7 × 103 

RAW 3.3 × 105 

RBW 2.5 × 105 

RCW 2.3 × 105 

WEW 2.5 × 104 

Legend: 

ELW – Elenwo Water; OHW – Ohaka Water; CHSW – Comprehensive High 

School Water; RAW – River A Water; RBW – River B Water; RCW – River C 

Water; WEW - Well Water. 

Table 2. Total Coliforms Counts (cfu/100ml) 

Sample Identity Average 

ELW 0.8 × 101 

OHW 1.2 × 101 

CHSW 1.6 × 101 

RAW 6.8 × 102 

RBW 3.4 × 102 

RCW 2.5 × 102 

WEW 1.2 × 102 

Table 3. Salmonella (cfu/100ml) 

Sample Identity Average 

ELW 0 

OHW 0 

CHSW 0 

RAW 1.3 × 101 

RBW 0.3 × 101 

RCW 0.4 × 101 

WEW 0.2 × 101 

Table 4. Escherichia coli (cfu/100ml) 

Sample Identity Average 

ELW 0 

OHW 0 

CHSW 0 

RAW 0.3 × 101 

RBW 0.2 × 101 

RCW 0.2 × 101 

WEW 0.2 × 101 

Table 5. Hydrocarbon Utilizing Bacteria (cfu/ml) 

Sample Identity Average 

ELW 0 

OHW 0 

CHSW 0 

RAW 0 

RBW 0 

RCW 0 

WEW 0 

The average total bacteria counts of the borehole samples 

ranged from 2.7 × 10
2
 to 7.4 × 10

2
cfu/ml with 66.67% of the 

borehole samples count within the limit of 400cfu/ml allowed 

for potable water (WHO, 1985). Both the river water and 

well water samples contained high values of total bacterial 

counts ranging from 2.5 × 10
2 
to 3.3 × 10

5
cfu/ml. Erah et al., 

(2002) in a study conducted on the quality of ground water in 

Benin City, Nigeria found unacceptable levels of aerobic 

bacteria and fungi present in borehole water of Teboga 

District of Benin City. In another similar work, Eniola et al., 

(2007) obtained a range for bacteria of 5.0 × 10
2 
to 7.0 × 10

2 

cfu/ml for stored borehole water samples. In the present 

study, general quality of water samples was very poor with 

very high counts of bacteria. The total coliforms ranged from 

0.8 × 10
1 

to 6.8 × 10
2
cfu/100ml. Similar results have been 

described by other researchers (Obi et al., 2004; Potgier et al., 

2007) on studies done in different rural communities. Several 
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sources of contamination could be suggested and could 

include contamination from pit latrines. In fact construction 

of boreholes in rural areas does not always respect the 

location regulations (Dzwairo et al., 2006) to make sure that 

these boreholes are not situated close to pit latrines. For all 

the boreholes, contaminations maybe due to lack of sewer 

pipe for discharge of sanitary waste into the treatment plant 

which will result in underground disposal of sewage into the 

aquifer. For river contamination, may be through run-off 

during rains carrying indiscriminate excreta disposed by 

humans and animals thereby impacting the aquatic 

environment. Nyati (2004) showed that the quality of 

borehole water supplies in Zimbabwe showed a seasonal 

fluctuation, with higher coliform counts in the wet season, 

while municipal and mining compound water were of 

satisfactory microbial and chemical quality. All the samples 

contained Escherichia coli except the borehole samples that 

were devoid of E. coli (Table 4). It is note-worthy that only 

42.9% of the water samples have zero E. coli counts whereas 

100% of the water samples analyzed contained total 

coliforms. 

The presence of E. coli in any borehole sample is 

unacceptable from the public health point of view. This 

organism can be pathogenic. Therefore, there is need for 

caution when using this borehole water for any purpose. 

Eniola et al., (2007) obtained some members of coliforms in 

stored borehole water samples. 

Results of the Salmonella species showed that borehole 

samples analyzed did not contain Salmonella species. 

However, Salmonella counts ranging from 0.2 × 10
1 

to
 
1.3 × 

10
1
cfu/ml were obtained in both the river water samples as 

well as the well water samples. The presence of Salmonella 

species could be attributed to several activities that go on 

around and within the sample sites. These activities include 

bathing, washing, and are considered risk factors. 

Different types of organisms were identified from their 

morphological and biochemical characteristics. These include 

Staphylococcus aureus, Bacillus subtilis, Escherichia coli, 

Enterobacter species, and Salmonella typhi. Similar bacteria 

profiles have been isolated from borehole samples (Ibe and 

Okplenye, 2005). 

4. Conclusion 

Some microbiological parameters are above standard 

limits for the borehole water samples. The total bacterial 

counts and total coliforms counts are above limit for all the 

borehole samples tested while Salmonella species and E. coli 

counts of the borehole samples are within limit. Hence, there 

should be proper treatment of all borehole samples to ensure 

safety of the water samples especially from contamination by 

total bacteria and total coliforms as the contamination can be 

attributed to the old nature of the distribution network of 

pipes. 

Generally, there is a variation in the level of contamination 

between the borehole water samples and the river water 

samples in both their physicochemical and microbiological 

characteristics. The river water and the well water samples 

are of poor microbial quality.   

To ensure supply of safe drinking water to the public, 

routine chemical analysis and microbial analysis is 

imperative to detect on time, incidental and eventual 

deterioration of water quality especially the CHSW area 

which is prone to industrial pollution from the river. 

Recommendation 

According to the results obtained in this study, it can be 

concluded that the borehole water samples used, are of poor 

quality and it is recommended that possible mitigation 

measures, treatment and follow up should be imbed and 

sources of contaminations traced. Disinfection of water in 

storage tanks before distribution through the taps should be 

implemented. There is also need to carry out a 

comprehensive social study to determine the number of 

people suffering from illnesses or diseases related to the 

microbial quality problems identified in these study areas. 

This will provide information on the actual health problems 

on ground as well as contribute to the use of untreated 

groundwater, and will also lead to the recommendation of 

realistic remediation methods for each specific health 

problems. This will be valuable in the design and 

implementation of intervention strategies as applicable. This 

study is important because of dependence by the masses on 

borehole, river water and well water as the only source of 

water. This will also enable the provision of data available to 

indicate that groundwater does not meet the national 

guidelines of water for human consumption as observed in 

the study area unless treated before use. 
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