GSC Advanced Research and Reviews, 2020, 05(02), 048-060

GSC Advanced
Research and Reviews

Available online at GSC Online Press Directory

o

CRS GSC Advanced Research and Reviews
e-ISSN: 2582-4597, CODEN (USA): GARRC2

iy @

()Nq]§g Journal homepage: https://www.gsconlinepress.com/journals/gscarr T
(RESEARCH ARTICLE) @CrossMark
& click for updates

Bacteriological and physico-chemical assessment of untreated drinking water used
by residents in Ofougbene- Izon-Borotu Community, Delta State

Otajevwo Dafinone Festus " and Dio Princess Tamaramiene
Department of Microbiology, Western Delta University, Oghara, Nigeria.
Publication history: Received on 14 May 2020; revised on 22 June 2020; accepted on 13 November 2020

Article DOI: https://doi.org/10.30574 /gscarr.2020.5.2.0036

Abstract

This study was aimed at assessing the bacteriological and physio-chemical qualities of the ground well water which is
the only available drinking water to residents of Ofougbene community of Burutu Local Government Area, in order to
check it's fitness for drinking and evaluate the awareness of the people about dangers of drinking untreated water.
Seven water samples coded Station1-Station 7 were obtained from seven different ground wells in the study area.
Bacteriological assessment was done by Most Probable Number (MPN) technique while physical, chemical and organic
analyses of the water samples were carried out by known standard methods. Bacterial organisms isolated were
Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes and Staphylococcus epidermidis. All ground water
samples contained total aerobic bacterial load ranging from 1.8 x 103 to 7.0 x 103 CFU/ml. The mean * standard
deviation values of pH, electrical conductivity, color, turbidity, Total Dissolved Solids, Suspended Solids, alkalinity,
chloride, hardness, phosphates, nitrates, sulphates, calcium, magnesium, Dissolved Oxygen and Biological Oxygen
Demand were: 5.8+16.43, 51.4+27.0uS/cm, 22.4+¥12.32mg/l, 11.8+5.14mg/l, 28.4+15.10mg/l, 3.8+3.80mg/],
15.4+£12.49mg/], 21.12+0.02mg/], 53.3+32.72mg/], 0.20+0.04mg/], 2.77+0.27mg/], 9.28+3.60mg/], 11.9+12.10mg/],
1.7+0.51mg/1, 5.9+0.58mg/] and 3.04+0.51mg/1 respectively for all the water samples assessed. Whereas water quality
status for all samples was unsatisfactory, water quality concern was high. Compared to reference values provided by
Standard Organization of Nigeria (SON) and presence of pathogens, we conclude that the ground water used by the
people of the community is unfit for human consumption. This is for the immediate attention of the Public Health
Authorities of both the LGA concerned and the Delta State Government.
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1. Introduction

Water pollution is one of the most pervasive problems afflicting people throughout the world. Waterborne illnesses and
multiple epidemics are connected to the consumption of contaminated or inadequately treated water. Scientific data
and evidence on the role of waterborne pathogens in the epidemiology of hospital-acquired infections are insufficient
[1]. Recent reports on identified water borne pathogens have provided novel insights into the understanding of the
pathology and effects of diseases which persist in numerous aquatic systems due to the advantage of resistance to
various environmental factors [2,3,4,5].

Health facilities, mainly health care centers, hospitals, clinics and laboratories pose higher risk of water contamination
since these are more likely to be the sources of viral and bacterial pathogens [6, 7]. Although numerous researches have
been conducted to address the detection and origin of pathogens in both drinking water and wastewater [8], September
etal. [9] however, reported that insufficient studies have been done explicitly about tracing the occurrence of pathogens
in water sources near healthcare facilities [10,11].
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For all living organisms, water is the most vital and important factor of survival. Inadequate access to clean water,
inappropriate water treatment and bad sanitation systems is one of the most pervasive issues distressing people
throughout the globe, causing waterborne infectious diseases which are responsible for approximately 10 million
deaths per year [1, 12, 13]. Human health is prone to microbial risks caused by enteric viruses and bacteria. Studies
have shown that contaminated drinking water has been a source of several critical diseases such as diarrhea, nausea,
cholera, typhoid, dysentery, abdominal pain and food poisoning. The situation is even worst at health care centers where
drinking water is a source of pathogen transmission owing to negligence of managerial authority towards supplying
properly treated water. Variant pathogens have been observed in ground and surface water, flood and dam water
[14,15,16]. Furthermore, presence of bacterial pathogens is associated with physico-chemical characters and location
of drinking water sites [15].

The justification of this work is hinged on the indiscriminate use of untreated groundwater for drinking by residents of
Ofougbene-Izon-Borotu community due to the unavailability of treated source of water supply. The aim of this study
therefore, is the bacteriological and physio-chemical assessment of ground water used as drinking water by the
residents of the community under study with the following objectives:

To determine the bacteriological quality of drinking water in the community.

To determine the source of some common diseases in the community

To enumerate the microbial load of the well water samples analysed.

To enumerate the physiochemical parameters of the well water.

2. Material and methods

2.1. Study area

This study was carried out using water samples from Ofougbene-izonborotu town, Burutu L.G.A, Delta state, Latitude 59
21'11.819 N, Longitude 59 30" 29.749. Water samples were collected from strategic ground wells which the community
uses domestically including water used for drinking, cooking, and sanitary purposes. Seven (7) samples from different
locations in the community were collected as follows;

Samplel- Labodo Zion grounds, [zon-borotu

Sample 2- Leomoni quarters, Izon-borotu

Sample3- Leomoni 1, Ibama well, Izon-borotu

Sample 4- Azenaware 1 quarters, [zonborotu

Sample 5- Azenaware2 quarters, Izon-borotu

Sample 6- Ere-ebisingha quarters, Izon-borotu

Sample 7- Azaneware 3 quaters, Izon-borotu

2.2. Collection of samples for water analysis

Samples of water for bacteriological testing were collected in sterile bottles and taken directly to Microbiology

laboratory, Western Delta University, Oghara for processing. This was to prevent accidental contamination of the water
during and after its collection.
2.3. Sampling/ Bacteriological testing of water samples

A sterile bottle was held by the base in one hand and the other hand was used to remove the stopper and cover together.
The stopper and cover were retained in the hand while the bottle was filled with groundwater from each of the seven
groundwater wells in the study area. To prevent contamination, care was taken not to touch the screw thread of the

49



GSC Advanced Research and Reviews, 2020, 05(02), 048-060

bottle neck or the inside of the cap. One bottle was used for one sample. When a bottle was found to have been
contaminated, it was not used (i.e was discarded).

2.4. Multiple Tube Technique/Most Probable Number (MPN)

The Multiple Tube Fermentation technique as described by Collins and Lynne [17] and Mackie and McCartney [18] was
used to estimate the concentration of viable total coliforms (TCs) and thermotolerant Escherichia coli per 100 ml of each
water sample. After incubation, the number of bottles in which lactose fermentation with acid and gas production had
occurred was counted and recorded. The lactose was fermented by the coliforms in the water samples (if present) while
the bile salts inhibited all Gram positive bacteria allowing only Gram negative bacteria such as coliforms and Escherichia
coli to thrive. By reference to Probability Tables, the most probable number of coliforms in 100ml water sample was
estimated [19].

Each bottle of lactoSe broth contained an inverted Durham tube for the collection of gas. This was added before the
broth was sterilized making sure that the inverted tube was full of broth and there was no air bubble inside it. If any air
bubble was trapped in the tube, the bottle was inverted to allow the bubble to rise out of the tube.

This technique is divided into presumptive, confirmatory and completed tests.

2.5. Presumptive test

Each bottle was labeled with a sample code number. The bottle cap and cover were removed and the mouth of the bottle
flamed, the bottles were inoculated with MacConkey broth. Single strength and double strength MacConkey broths were
prepared by dissolving 40g and 80.14g of the medium respectively in 1000 ml of distilled water and sterilized in an
autoclave at 121°C for 15 minutes. Preparation of the broth strengths was as follows: 50ml of water sample was added
to the bottles containing 50 ml of broth. Using sterile pipettes, 10 ml of sample water was added to each of the five
bottles containing 10 ml of broth while 1ml of each water sample was pipetted into each of the five bottles containing
1ml of broth with inverted Durham tubes added into broth containers before inoculation. The inoculated broths were
incubated in an incubator at 37°C for 24 hours with the bottles properly capped. After incubation, inoculated bottles
were counted and examined for production of both acid and gas. The protocol used is shown below:

No. of bottles per sample | 1 Bottle 5 Bottles 5 Bottles

Volume of broth in samples | 50 ml double strength 10 ml double strength 1 ml single strength

Volume of sample water 50 ml 10 ml 1ml

Source: Public Health Laboratory Service Water Committee (1961).

Note Acid production was shown by a change in color of the bromocresol indicator in MacConkey broth from purple to
yellow and gas production by the collection of a bubble or space in the upper end of the Durham tube. MacConkey broth
containing neutral red was not used due to its inhibitory effect on Escherichia coli.

2.6. Confirmatory test

For the differential coliform test (or Confirmatory test), each MacConkey tube showing acid and gas (from Presumptive
test) was then subcultured into a fresh tube of MacConkey broth and incubated at 44°C for 24-48 hrs. Formation of gas
within 48 hours is practically specific for Escherichia coli and indicative of faecal pollution of the original water sample.

2.7. Completed test

After incubation of inoculated differential test broth, positive bottles showing acid production (ie change of indicator
colour from purple to yellow) and gas production (ie, presence of space at top end of Durham tubes) at 44°C were then
subcultured onto prepared sterile MacConkey agar and Eosin Methylene Blue agar plates. The isolates were inoculated
into prepared sterile peptone water and incubated overnight to carry out characterization and identification tests.
Specific tests for coliforms, Escherichia coli and other indicator organisms were carried out.
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2.8. Total Heterotrophic Bacterial Enumeration

Having confirmed presence of specific indicator organisms, their microbial load enumeration was carried out by ten-
fold serial dilution. Using serial dilution of 10- fold, 1ml of each water sample was diluted into 9 ml of sterile normal
saline and dispensed into 10 test tubes ensuring that each dilution was properly mixed and 1ml from the last mixture
or dilution was discarded. The resulting dilutions were 101, 10-2, 10-3, 10-4, 10-5, 106, 10-7, 10-8, 10-%, and 10-10. From
each dilution, about two or three drops (equivalent to 0.02-0.04 ml) were plated out on Nutrient agar plates and
incubated at 37°C for 24 hrs for bacterial count. As a check, 1 ml of each dilution was dispensed into sterile petri dishes
into which 19 ml of prepared sterile molten Nutrient agar was added [20]. Cultured plates were allowed to cool and
solidify after which, they were incubated at 37°C for 24 hrs. Each dilution was plated in duplicate. At the end of
incubation, colony forming units (CFM) were counted per ml of water sample and average count per dilution recorded.
Only plates whose counts fell within 30-300 CFM/ ml were used [21, 22, 23].

2.9. Determination of Physico-chemical Parameters

Water samples were collected in sterile, clean sample containers and taken to the laboratory for physical and chemical
analyses in line with SON guidelines [24]. Parameters analyzed included: pH, electric conductivity (EC), colour, turbidity,
total dissolved solids (TDS), suspended solids (SS), alkalinity, chloride, hardness, phosphate, nitrate, sulphate, calcium,
magnesium, dissolved oxygen (DO) and biological oxygen demand (BOD). The pH and colour were determined at the
time of collection of samples using pH Meter and physical observation respectively while other parameters such as TDS,
hardness, alkalinity, chlorides etc were determined in the laboratory using standard analytical procedures [25, 26, 27].

The results were compared against the standards for drinking water set by the Standards Organization of Nigeria (SON).
The water quality index which is a numeric expression used to evaluate the quality of a given water body was calculated
and used in the evaluation of the surface water quality. The index incorporates data from multiple parameters into a
mathematical equation that rates the qualities of water bodies. The overall computation formula used to determine the
water quality index is given as follows:

2 gnWn

WoI =
¢ Wn

3. Results

The microbial organisms isolated from the water samples are shown in Table 1. Four bacterial organisms were isolated
from the water samples that were processed and included Escherichia coli, Klebsiella pneumoniae, Enterobacter
aerogenes and Staphylococcus epidermidis. Escherichia coli occurred in water samples collected from all the seven sites,
followed by Enterobacter aerogenes which occurred in 6 (85.7%) sites, Staphylococcus epidermidis featured in 4 (57.0%)
sites while Klebsiella pneumoniae occurred in 3 (42.8%) sites.

Table 1 Bacterial Organisms isolated from water samples

Organisms Station 1 | Station2 | Station 3 | Station 4 | Station Station 6 | Station 7 | Percentage
Isolated 5 occurence
Escherichia coli + + + + + + + 100.0 %
Klebsiela - - - + - + + 42.8%
pneumoniae

Enterobacter + + + - + + + 85.7 %
aerogenes

Staphylococcus - + - + + + - 57.0%
epidermidis

Keys Station 1- Labodozion ground well, Izon-borotu; Station 2- Leomoni quarters dibe, Izon-borotu; Station 3- Leomoni 1 Ibama well, [zon-borotu;
Station 4- Azenaware 1 quarters well, [zonborotu; Station 5- Azenaware2 quarters well, Izon-borotu; Station 6- Ere-ebisingha quarters well, [zon-
borotu, (+): Psresence of organism, (-): Absence of organism

The most probable numbers of Coliform bacterial organisms present in the water samples are presented in Table 2.

51



GSC Advanced Research and Reviews, 2020, 05(02), 048-060

The presumptive test results for water samples collected from all seven ground water sites showed that all MacConkey
broths with Durham tubes contained gas. The most probable number (MPN) of coliforms per 100 ml for the ground
water samples ranged from 13 to 1600+. Stations 1, 2, 3, 4, 5, 6 and 7 presumptively recorded coliform counts of 90
CFU/100 ml, 30 CFU/ 100 ml, 17 CFU/100 ml, 160 CFU/100 ml, 22 CFU/100 ml, 50 CFU/100 ml and 13 CFU/100 ml
respectively. Values recorded for station sites 1, 4 and 6 were much higher than the recommended MPN value for
drinking water which is 50 or less / 100 ml [28]. In the order of level of contamination of ground water sampled from
the sites, stations 4, 1, 6, 2, 5, 3 and 7 were so contaminated suggesting that the most and least contaminated drinking
water sources in the community under study were groundwater collected from stations 4 and 7 respectively. The
confirmed and completed tests yielded results which were true for coliforms. Colonies with pink sheen and a few blacks
were observed on EMB agar and Gram staining revealed the bacteria to be Gram negative bacilli and positive to indole
test and hence, suggesting thermotolerant Escherichia coli.

Table 2 Presumptive most probable number of coliforms in ground water samples under study.

Station Number of Tubes Showing MPN/100 ml CPCB (2008)
Site Positive Reaction Out of sample Reference value
50 ml 10 ml 1ml
1 5 5 3 90 Maximum permitted
Coliform count for
2 5 5 1 30 drinking water
3 5 4 1 17 =20-50 MPN/100
ml
4 5 5 4 160
5 5 4 2 22
6 5 5 2 50
7 5 4 0 13

The total heterotrophic bacterial counts of the water samples from the water source drinking sites are presented in
Table 3. Total aerobic plate count was performed to ascertain the overall bacteriological condition of the water samples.
All ground water samples contained total aerobic bacterial load ranging from 1.8 x 103 to 7.0 x 103 CFU/ ml (Table 3).
While the highest viable bacterial load was detected in station site 4, the least microbial load was recorded for station
site 7. Station sites 2 and 3 recorded same load of 4.0 x 103 each while stations 1 and 5 recorded similar load of 2.0 x 103
each.

Table 3: Total Bacterial viable counts from ground water samples in OFOUGBENE-IZON-BOROTU community of
Delta State.

Water Samples | Total bacteria viable counts | Total bacteria viable counts
CFU/ mal %107 CFU/100 ml
Station 1 2.0 200,000
Station 2 4.0 400,000
Station 3 4.0 400,000
Station 4 7.0 700,000
Station 5 2.0 200,000
Station 6 2.3 230,000
Station 7 1.8 180,000

Keys Station 1- Labodo zion ground well, Izon-borotu; Station 2- Leomoni quarters dibe, Izon-borotu; Station 3- Leomoni 1, Ibama well, Izon-
borotu; Station 4- Azenaware 1 quarters well, Izonborotu; Station 5- Azenaware2 quarters well, [zon-borotu; Station 6- Ere-ebisingha quarters well,
Izon-borotu; Station 7- azaneware 3 quaters well, [zon-borotu
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Table 4 Results for physiochemical parameters in comparison to SON values

Water quality Stations Mean # Standard
parameters Deviation
1 2 3 4 5 6 7 SON
Standards

pH 5.9 5.8 6.0 5.6 5.8 5.7 6.1 6.5-85 5.8+0.16.43
EC (pt. Co) 60 50 20 110 30 50 40 750 51.4+26.95
Colour 20 18 0 42 20 22 35 15 22.4+12.317
Turbidity 11 11 7 29 12 6 7 5 11.8+5.139
Total Dissolved 31.8 26.5 10.6 58.3 24.3 35.6 11.5 500 28.4+15.064
Solids
Suspended Solids 3 3 0 12 3 6 0 5 3.8+3.829
Alkalinity 16 16 24 10 16 18 8 100 15.42+12.49
Chloride 21.12 21.12 21.12 21.12 21.12 21.12 21.10 250 21.12+0.002
Hardness 50 40 16 106 50 96 15 500 53.3£32.719
Phosphate 0.22 0.24 0.16 0.22 0.23 0.24 0.14 0.5 0.20£0.035
Nitrate 2.95 2.75 2.81 2.62 2.75 2.71 2.86 50 2.77+0.266
Sulphate 8 8 6 17 8 12 6 100 9.28+3.602
Calcium 18.44 4.81 1.60 38.48 6.92 11.34 1.80 75 11.9+£12.095
Magnesium 1.46 1.46 1.46 2.43 1.46 2.64 1.26 0.20 1.7+£0.512
D.0O 5.2 5.5 6.5 6.0 5.5 5.8 6.8 7.5 5.9+0.576
B.0.D 3.0 2.8 3.8 3.1 2.8 3.0 2.8 6.9 3.04+0.510
Overall Water 489.043 489.457 482.9399 482.939 811.678 489.577 867.795 419.314
quality index
Water quality Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory | Unsatisfactory
status
Water quality High High High High High High High High
concern

Interpretation of Data was based on: Nigerian Standards for drinking water quality (NSDWQ), SON (2007).
Note: The unit for all the parameters above is mg/l except electrical conductivity and turbidity which were measured in pS/cm and NTU respectively
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Table 4 shows the results of physical and chemical parameters for the water samples studied. The pH of all the water
samples which ranged from 5.6-6.1 fell within the permitted limits of Standard Organization of Nigeria (SON) which is
6.5-8.5. Sample obtained from station 4 was most acidic while sample collected from station7 was least acidic. Water
samples collected from all seven stations were clearly acidic. All the samples however recorded a pH mean standard
deviation of 5.8+0.16 which is still within SON acceptable limits. The electrical conductivity (EC) of samples 1, 2, 3, 4, 5,
6 and 7 ranged from 20 - 110 pS/cm with a mean std deviation of 51.4+27.0 uS/cm and all recorded values did not
exceed the maximum permissible limit of 750 puS/cm. Turbidity values of samples 1 to 7 ranged from 7 - 29 NTU of
which station 4 recorded the highest (29 NTU) while station 7 recorded the least (7 NTU) and all samples recorded a
mean standard deviation turbidity value of 11.8+5.14 NTU. Recorded turbidity values for each water sample exceeded
the maximum permissible limit (MPL) set by SON [24].

The results of total dissolved solids (TDS) in samples 1 - 7 varied from 10.6 - 58.3 mg/1 with a mean TDS standard
deviation of 28.4+15.06 mg/l of which the highest TDS value was recorded by sample 4 (58.3 mg/l) and sample 3
recorded the least (10.6 mg/1). None of these values exceeded the MPL of 500 mg/1 [24, 29]. The total suspended solids
(TSS) of the water samples varied from 3 -12 mg/I of which samples 3 and 7 did not record presence of TSS at all. The
highest TSS value however, was recorded by sample 4 while the least was recorded by samples 1, 2 and 5 (each
recording 3 mg/1). With a mean TSS standard deviation of 3.8+3.83 mg/], only samples 4 and 6 values exceeded the MPL
of 5 mg/l. Alkalinity values for samples 1 - 7 ranged from 8 - 24 mg/l with a mean alkalinity standard deviation of
15.42+12.49 mg/1 of which the highest alkalinity value (24 mg/1) and least value (8 mg/1) were recorded for samples
3and 7 respectively. None of these was up to or exceeded the MPL of 100 mg/1 (Table 4).

As for alkalinity, none of the chloride values for samples 1 to 7 (which ranged from 21.10 - 21.12 mg/l with a mean
chloride standard deviation of 21.12+0.002 mg/1) exceeded the MPL of 250 mg/l. Hardness values for all processed
samples ranged from 15 - 106 mg/1 of which sample 4 recorded the highest hardness (106 mg/1) while the least (15
mg/1) was recorded by sample 7. All samples recorded a mean hardness standard deviation of 53.3+32.72 mg/1 and
none of these values exceeded the MPL of 500 mg/l. Related to this, are calcium and magnesium hardness. Based on
results obtained, while calcium hardness for samples 1-7 ranged from 1.80 - 38.48 mg/1 (with a mean calcium hardness
standard deviation of 11.9+12.10 mg/1), those for magnesium hardness ranged from 1.26 - 2.64 mg/l (with a mean
magnesium hardness standard deviation of 1.7+0.51 mg/l). Whereas none of the calcium hardness exceeded the MPL
of 75 mg/], all magnesium hardness values exceeded the MPL of 0.20 mg/l. Similarly, while the highest and lowest
calcium hardness values were recorded for samples 4 and 7 respectively, those for magnesium hardness were recorded
by samples 6 and 7respectively (Table 4).

The levels of phosphate, nitrate and sulphate for samples 1 - 7 (each having a mean phosphate, nitrate and sulphate
standard deviation of 0.20£0.03 mg/1, 2.77+0.27 mg/1 and 9.28+3.60 mg/l respectively) did not exceed the MPL values
of 0.5 mg/], 50 mg/1and 100 mg/1 respectively. Also, dissolved oxygen (DO) and biological oxygen demand (BOD) values
for samples 1-7 (which ranged from 5.2-6.8 and 2.8-3.8 and mean standard deviation of 5.9+0.58 and 3.04+0.51
respectively) did not exceed MPL World Health Organization values of 7.5 and 6.9 respectively. Overall, the water quality
index of 489.04, 489.45, 482.93, 482.93, 811.67, 489.57 and 867.79 for samples 1, 2, 3, 4, 5, 6 and 7 respectively, each
far exceeded MPL of 419.31 (Table 4).

4. Discussion

Access to safe drinking-water is essential to health, a basic human right and a component of effective policy for health
protection [29]. The importance of water, sanitation and hygiene for health and development has been reflected in the
outcomes of a series of international policy fora. These have included health-oriented conferences such as the
International Conference on Primary Health Care, held in Alma-Ata, Kazakhstan (former Soviet Union), in 1978. They
have also included water-oriented conferences such as the 1977 World Water Conference in Mar del Plata, Argentina,
which launched the water supply and sanitation decade of 1981-1990, as well as the Millennium Development Goals
adopted by the General Assembly of the United Nations (UN) in 2000 and the outcome of the Johannesburg World
Summit for Sustainable Development in 2002. Most recently, the UN General Assembly declared the period from 2005
to 2015 as the International Decade for Action, “Water for Life.” Access to safe drinking-water is important as a health
and development issue at national, regional and local levels. In some regions, it has been shown that investments in
water supply and sanitation can yield a net economic benefit, since the reductions in adverse health effects and health
care costs outweigh the costs of undertaking the interventions. This is true for major water supply infrastructure
investments through to water treatment in the home.

Experience has also shown that interventions in improving access to safe water favour the poor in particular, whether
in rural or urban areas and this can be an effective part of poverty alleviation strategies. In 1983-1984 and in 1993-
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1997, the World Health Organization (WHO) published the first and second editions of the Guidelines for Drinking-
water Quality in three volumes as successors to previous WHO International Standards.

The spread of diseases through faecal contamination of water sources particularly in developing and under developed
countries are a common phenomenon that has been well reported [30, 31, 32, 33, 34]. The quality and quantity of water
for drinking and other purposes is failing in Nigeria due to inadequacy of treatment plants, direct discharge of untreated
sewage into rivers and streams and ground wells as well as unproductive management of piped water distribution
system [35, 36,37]. An estimated 1.2 billion people drink unhygienic water which is the source of water related diseases
that are responsible for about five to ten thousand teenage and adult deaths around the world today [38].

In this study, the untreated drinking water consumed by residents of Ofougbene-Izon community of Burutu local
government area of Delta State harbored bacterial organisms of which Escherichia coli occurred in water samples
collected from all the seven sites, followed by Enterobacter aerogenes which occurred in 6 (85.7%) sites, Staphylococcus
epidermidis featured in 4 (57.0%) sites while Klebsiella pneumoniae occurred in 3 (42.8%) sites. Presence of enteric
coliforms especially Escherichia coli makes the water samples unsuitable for human consumption according to the
guidelines set by WHO for the evaluation of bacteriological quality of drinking water [30]. Findings in this work are not
similar to the report of some authors who isolated Klebsiella spp as the most predominant organism and Proteus
mirabilis as the least occurring from well water sources [39]. The report of Ahmed et al. [15] was however related to
our finding as they isolated Escherichia coli, Alkaligenes faecalis, Pseudomonas aeruginosa, Klebsiella spp and Proteus spp
as the most occurring organisms in that decreasing order. The report of Sule et al. [40] however, did not support the
findings of this study as they isolated Escherichia coli and Bacillus lentus as the least and most occurring organisms
respectively in water from storage tanks. Some authors isolated Escherichia coli as the most occurring organism in
groundwater and contaminated drinking water [41, 42].

The above are pathogenic organisms mainly of faecal origin. Any water source used for drinking or cleaning purpose
should not contain any organism of faecal origin [43]. Presence of enteric coliforms especially Escherichia coli makes
the water samples unsuitable for human consumption [30]. Contamination of the affected stations in this study may be
attributed to drainage and flooding from contaminated surface water into unprotected well shafts [39]. Moreover, the
isolation of the above named pathogens from the ground sources in this study poses a serious problem which calls for
vigilance on the part of the Health authorities of Ofougbene Izon-Borotu community under study and the Delta State
health authorities as it signals a possible future outbreak of water-borne diseases which may spread from this
community to other neighboring riverine communities.

Results of the presumptive test in this study showed that all inoculated lactose broth tubes contained gas. Stations 1
(Labodozion ground well), Station 2 (Izon-borotu), Station 4 (Azenaware 1 well), Station 5 (Azenaware 2 well) and
Station 6 (Ere-ebisingha well) recorded coliform loads of 90MPN/100 ml, 30MPN/100 ml, 160MPN/100 ml,
22MPN/100 ml and 50MPN/100 ml respectively. These values are higher than 20-50MPN/100 ml permissible limits
set by the Standard Organization of Nigeria (SON) for drinking water. The results suggest that Station 4 recorded the
highest level of contamination followed by Station 1while the least contaminated was Station 5. Only two stations
(Stations 3 and 7) didn’t record significant coliform contamination. The confirmatory and completed tests yielded
results which established presence of coliforms. The presence of metallic green sheen on Eosin methylene Blue (EMB)
agar and Gram negative bacilli on gram film viewed microscopically were pointers to presence of thermotolerant
Escherichia coli.

The presence of a high MPN of coliforms in the drinking water samples indicates the presence of faecal contamination
which could be due to the disposal of animal and human faeces directly into the river water [44]. Moreover, the type of
organic waste entering the water body could influence the microbial flora that thrive there [45]. Compared to findings
in this study, Ngwa and Chrysanthus [46] recorded 3-1100 MPN/100ml coliform count in their study. Some previous
authors have reported 0-210 MPN/100ml counts [40], 6-161 MPN/100ml counts [47], > 1100 MPN/100ml counts [48].

Coliforms are considered to be microbiological indicators of water pollution (Sabae et al., 2014). These bacteria mostly
belong to the family Enterobacteriaceae and include Escherichia coli, Enterobacter aerogenes, Klebsiella spp etc. Most
coliforms are found in the intestinal tract of warm-blooded animals and enter the outside environment through the
faeces of these animals [49, 50]. These bacteria may not all be pathogenic themselves but serve as indicators of the
presence of more pathogenic microorganisms which may also be present in animal faeces. Water contaminated by these
pathogens may be ingested by humans which will lead to the occurrence of various enteric diseases [51].

The viable bacterial count of stored water (such as ground water) depends on the treatment the water source has
received, handling of the stored water, the quality of the stored water source as well as the depth of the stored water
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[40]. Total aerobic plate count was performed to understand the overall microbiological condition of the samples and
quantification of total faecal coliform was conducted to determine the associated risk with other possible pathogens.
Water samples from the seven stations sampled contained aerobic bacterial loads ranging from 2.0 x 105- 7.0 x 105
CFU/ml of which the lowest and highest bacterial loads were recorded in samples collected from stations 5/1 and
stations 4/7 respectively (Table 3). Adebawore et al. [20] working on groundwater in Ile-Oluji, Ekiti State, recorded
bacterial load range of 2.79 x 108 to 9.66 x 108 CFU/ml which comparatively, the bacterial loads are much higher than
those recorded in this study. Other authors who worked on stored water in storage tanks recorded viable bacterial
counts which ranged from 2.1 x 101 to 1.6 x 103 CFU/ml which are lower than counts recorded in this study [40]. Much
higher counts should have been expected from storage tank water than ground water used in this study although Orji
et al. [52] found that bacteriological qualities of ground water wells could be improved by storage.

Besides, the bacteriological analysis of the ground water samples from the community under study in this work to
determine its pottability, analysis of the degree of pollution was further carried out by determining the physical and
chemical statuses of the ground water samples. Hence, physic-chemical parameters such as pH, temperature, dissolved
oxygen (DO), biochemical oxygen demand (BOD), total hardness, calcium and magnesium hardness among others were
analyzed and recorded. These physic-chemical features are very important in terms of sustaining the health of aquatic
ecosystem [53, 54]. Of all these parameters, DO is the most important as it provides information regarding the
productivity, microbial activity, nutrient availability etc of an aquatic ecosystem [55].

In this study, groundwater collected from stations 3 and 7 recorded Dissolved Oxygen (DO) of 6.5mg/L and 6.8mg/L
which are above the SON and WHO maximum permissible limit of 6mg/l. Station 4 recorded DO of 6mg/L suggesting
that groundwater from all three stations are contaminated. Dissolved oxygen values give an estimate of the rate of
microbial decomposition of organic wastes.

The colour of the groundwater samples except that from station 3 exceeded the maximum permissible limit (MPL) of
15. Other parameters which exceeded MPL were turbidity, total suspended solids (TSS) and magnesium hardness.
Groundwater from station 4 stood out as the most polluted with turbidity, TSS and magnesium hardness values of 29
NTU, 12mg/L and 2.43mg/L respectively (station 4 was second to station 6 in terms of magnesium hardness. All the
other parameters of pH, electrical conductivity, TDS, alkalinity, chloride, phosphate, sulphate, total hardness, calcium
hardness, magnesium hardness and BOD for all groundwater samples were within SON and WHO MPL. Overall, all
groundwater samples recorded water quality indices much higher than the MPL with particular emphasis on samples
from stations 5 and 7 which doubled the MPL.

The temperature of a water body plays an important role in the regulation of all biotic functions [56]. The measurement
of BOD points to the amount of oxygen that is being used up by microbes to degrade organic waste. The higher the BOD
value, the lower the DO values and vice versa. The pH really has no impact on human health except that it changes the
taste of water and at the same time, it may lead to the formation of trihalomethanes which are toxic [50].

Hardness of water is the measure of the total concentration of calcium and magnesium ions expressed as calcium
carbonate. Calcium hardness can be measured independently of total hardness as calcium is usually found in high
concentration in water due to leaching from limestone deposits, gypsum deposits etc. Although, hardness has no effect
on human or animal health, it is essential in the removal of toxic components in the water.

A total of seven water samples from seven different locations in Ofougbene community namely Labodo zion grounds,
Leomoni quarters, Leomoni 1-Ibama well, Azenaware 1 quarters, Azenaware 2 quarters, Azenaware 3 quarters and Ere-
ebisingha quarters were processed and analyzed in this study.

The pH values obtained in this study (5.8-6.1) were all below the Standard Organization of Nigeria (SON) acceptable
range for drinking water which is 6.5-8.5. This outcome is similar in comparison to other trend (5.4-6.6) reported in
Oghara water outlets in the Niger Delta. In this study the alkalinity of the samples fell short of the SON set limit. Turbidity
is an important operational parameter and causes undesired tastes and odours and also affects the process of
photosynthesis for agal growth, generally high turbidity values indicates a high concentration of total suspended solids.
In this study both the turbidity and total suspended solids values were low.

The water was found to be soft except station 4 which was slightly hard with value of 106mg/L. The magnesium in the
water samples analyzed was slightly above the set SON limit. High TDS in water samples commonly give objectionable
or offensive taste. In this study, the values were recorded to be at 10.6-58.3 mg/L which is under the set limit of 500mg/L
by SON. Parameters including nitrate, chloride, sulphate and phosphate all fell under the set limits. The Electrical
conductivity (EC) of the results obtained in this study fell under the permissible limit of 750 by SON. High EC is indicative
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of high dissolved solids. Also, both the EC and the total dissolved solids were low. These results are similar to the report
of Adefusisoye et al. [57] in a related study.

5. Conclusion

All water samples were found to be contaminated with high MPN index which indicates the presence of great number
of bacteria especially coliforms in the samples. Presence of E. coli in all samples confirmed the presence of fecal
contaminants in them. E. coli is considered to be more closely associated with fecal contamination, The water quality
index of each of the samples were found to be poor and not of standard.

The current study has revealed that the microbiological quality and water quality index of the groundwater samples
under study are poor compared to the standard and this poses a health risk to the community and households that rely
on them for domestic purposes. The information gathered by this study can benefit local authorities and provide insight
into the state of the quality of water in the community and perhaps, encourage an alternative source of water supply
such as pipe borne water. The quality of pipe borne water can be continously monitored to ensure that the people of
the community have access to clean water for drinking and domestic purposes.
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