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ABSTRACT Water is essential to life, but many people do not have access to clean
and safe drinking water and many die of water borne infections. One of the fundamental needs of a community is to have an access to healthy and safe drinking water.
This study focuses on isolating and identifying bacteria and fungi contaminants from
the water used by students in Rivers State University in Port Harcourt, Nigeria and
determining the effects of these microbes on the quality of the water. Six (6) water
samples were taken (four (4) from four different hostels and two (2) from the sources
supplying the hostels) and analyzed. The microbiological quality of the water samples were analyzed weekly for three (3) weeks. The study utilizes the wet mount
technique using commercially prepared Potato Dextrose Agar (PDA) for the isolation of fungi, and the multiple tube fermentation technique with MacConkey broth
and nutrient agar used as media for bacteria isolation. This study revealed that of the
six (6) samples which were analyzed, the bacterial population isolated was higher
than that of fungi. Based on the results obtained, it indicates a high fecal contamination ranging from 5 × 100 to 2 × 101 coliform (MPN) per 100ml. Also, the total heterotrophic bacterial count ranged from 4.05 × 106 to 1.14 × 107 with the fungal count
being the lowest by having 7.0 × 104 to 1.8 × 105. Aspergillus species, Penicillium
species, Rhizopus species, Mucor species, Escherichia species, Enterobacter species,
Bacillus species, Pseudomonas species and Klebsiella species were the predominant
isolates. The results of this study revealed that the water samples are not safe for
human use. It is, therefore, necessary to treat water properly before human consumption.
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Introduction
According to World Health Organization (WHO, 2014), only 36% of Nigerians have
access to potable water and 6% have access to improved sanitation. An estimated
748 million people all over the world lack access to potable water and close to 2.5
billion persons are not provided with adequate sanitation (WHO, 2014). Microorganisms mainly found in water are bacteria and fungi (Moody, 2005). According to
Sikoki and Veen (2004), any water body is a potential medium for the production of
aquatic organisms but it has been noted that in rural areas, the careless disposal of
commercial effluents and other wastes may contribute greatly to their poor quality of
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their water which makes it not suitable for domestic activities (Chindah et al, 2004;
Ugochukwu, 2004).
Waterborne pathogens transmit diseases to around 250 million people each
year resulting in 10 to 20 million deaths around the globe (Zamxaka et al. 2004;
Wilkes et al, 2009). The assessment of the microbiological quality of drinking-water
aspires to protect consumers from illnesses due to the consumption of water that may
contain pathogens such as bacteria, viruses and protozoa, thereby thwarting waterrelated illness outbreaks. Many studies (Liang et al, 2006; Hewitt et al, 2007; Maunula et al, 2009) have associated the outbreaks of waterborne gastroenteritis with a
diversity of enteric bacteria and viruses, although recreational exposure to polluted
water has often been more linked to viral infections (Vantarakis and Papapetropoulou 1999). The presence or absence of indicator organisms is fundamental to most
drinking water quality guidelines, water supply operating licenses and agreements
between bulk water suppliers and retail water companies (Colford et al, 2006).
Water intended for drinking, whether treated or not, must meet certain microbiological, physical and chemical standards (WHO, 2003). Any analytical result
which does not meet the WHO standard warrants immediate treatment or the provision of alternative source of water supply (WHO, 2003). Water borne pathogens and
chemicals when found in large amounts in a body of water can directly or indirectly
limit man’s legitimate use of that body of water, such as domestic, agricultural and
recreational uses (Hagedorn et al, 1999). It is therefore necessary to supply safe
drinking water free of substances that are harmful to health. WHO (2003), reported
that 80% of sicknesses and deaths among children in the world are caused by unsafe
drinking water.
The aim of the study is to identify the microorganisms (mainly bacteria and
fungi) present in some water tanks of hostels in Rivers State University and their
impacts on water quality and human health. The objectives of the study were to determine the microorganisms present in some water tanks of hostels in Rivers State
University, to determine the microbiological parameters of the water and to evaluate
the water quality of the water in the hostels.
Materials and Methods
Study Area and Sample Collection
The study area was Rivers State University main campus at Nkpolu-Oroworukwu in
Port Harcourt. Water samples were collected from four hostels that were randomly
selected and from the sources supplying water to the hostels. The hostels are Hostel
C, Hostel E, Hostel F and Hostel H. The water sources are the water supplying tank
in Estate and Works and water supplying tank on Road B. The water from these hostel tanks and water sources were labeled A, B, C, D, E, and F respectively. The water
samples were collected using sterile containers. The tip of the tap was flamed so as
to sterilize the external surface before collection. During collection, care was taken
so as to avoid splashing the water on the body of the container. After collection, the
containers were labeled and dated appropriately. The samples were collected three
times a week from each hostel water tank and from the water sources for a period of
three weeks.
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Enumeration of Total Heterotrophic Bacteria and Fungi
One milliliter (1ml) of each of the water sample was pipetted into nine milliliter
(9ml) of the normal saline and diluted serially up to 10-5 for all samples. Aliquots
(0.1ml) of 10-1 to 10-5 of each sample were inoculated into freshly prepared nutrient
agar (NA) and potato dextrose agar (PDA) plates in triplicate; and the plates were
labeled accurately. The spread plate method was used to ascertain the total heterotrophic bacteria and Fungi. A sterile glass rod was used to spread the sample evenly
on both the nutrient agar and potato dextrose agar plates. The nutrient agar plates
were incubated at 250C for 24 hours while the potato dextrose agar plates were incubated at 250C for 48 hours to obtain discrete colonies. The colonies that grew on
both the nutrient agar and potato dextrose agar plates were counted and the average
was taken and recorded as total heterotrophic counts of aerobic bacteria and fungi.
With regards to color, texture, size, elevation, transparency and colonial
characteristics of the colonies, pure cultures were obtained by sub-culturing each
discrete colony onto freshly prepared NA and PDA plates for both the bacteria and
fungi respectively. The plates were incubated at 250C for 24 and 48 hours for bacteria and fungi respectively. The pure cultures when grown were stored in bijou bottles
containing 2ml glycerol at 40C for further biochemical tests.
Bacteriological analysis of water samples
The bacteriological analysis involves the use of multiple tube method for the water
analysis. This technique is called the most probable Number (MPN) technique. It
comprises of three (3) standard steps: Presumptive, confirmed and completed tests.
Characterization and Identification of Bacteria isolates
The colonies that grew in the nutrient agar plates were characterized based on the
following standard bacteriological tests; Gram Staining, Motility Test, Biochemical
Tests, Catalase Test, Oxidase Test, Coagulase Test, Citrate Test, Starch Hydrolysis,
Urease Production, Methyl Red-Vogues Proskauer (MRVP), and Sugar Fermentation Test. The isolates were presumptively identified based on the results of their
cultural, microscopic and biochemical characteristics, and with comparison with
those of known taxa of Bergey’s manual of determinative bacteriology (1999).
Isolation of pure fungal cultures
Discrete fungal colonies were sub cultured in order to obtain pure colonies. A subculture was done using an inoculating needle which was used to cut part of the fungal colony and transferring aseptically onto fresh already prepared SDA plates.
These were incubated at room temperature for 5days. The pure cultures obtained
were then stored in the refrigerator for further studies.
Characterization of pure fungal isolates
For qualitative detection of isolated fungal species, routine macroscopic and microscopic procedures were performed. In the macroscopic examination, the colony
structure was observed, nature of growth, aerial & substratum region were also observed for colour. In the microscopic examination, two drops of lactophenol cotton
blue was used to stain the center of a sterilized clean glass slide, and then a small
portion of the fungal isolate from the sub-cultured plate was transferred unto the
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slide, using an inoculating needle and covered with a coverslip. This was examined
under the microscope first at low power (×10) and then at high power (×40). The
fungal features noted were the;
•
Somatic structure.
•
Reproductive structure
•
Vegetative structure
•
Structure of hyphae
•
Colony colour
•
Structure of Colony margin
•
Surface appearance
Results
The result of the mean total aerobic heterotrophic bacterial count in all the tank water samples is shown in Table 1 below. The count ranged from 4.20×106 CFU/ml to
1.83×107 CFU/ml for all the samples. Sample B recorded the highest bacterial count
while sample F recorded the lowest count.
Table 1: Average total aerobic heterotrophic bacterial counts of the tank water samples
Water Sample

Week 1

Week 2
7

7.30 x 10

Week 3
6

4.20 x 106

A

1.04 x 10

B

1.83 x 107

1.08 x 107

5.09 x 106

C

1.38 x 107

5.08 x 106

3.99 x 106

D

4.33 x 106

4.36 x 106

3.64 x 106

E

5.35 x 106

5.66 x 106

4.21 x 106

F

6.27 x 106

3.46 x 106

2.41 x 106

The result of the mean total fungal count in all the tank water samples is shown in
Table 2 below. The count ranged from 7.0×104 CFU/ml to 4.0×105 CFU/ml for all
the samples. Sample F recorded the highest fungal count while sample C recorded
the lowest count.
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Table 2: Average total fungal counts of the tank water samples
Water Sample

Week 1

Week 2
5

1.9 x 10

Week 3
5

8.0 x 104

A

1.3 x 10

B

1.5 x 105

3.0 x 105

3.0 x 105

C

7.5 x 104

8.0 x 104

8.5 x 104

D

1.4 x 105

8.5 x 104

1.9 x 105

E

7.0 x 104

1.2 x 105

2.0 x 105

F

1.8 x 105

4.0 x 105

3.4 x 105

The average estimated total coliform bacterial count from the MPN index per 100ml
of the water samples that indicated the presence of acid and gas in the tubes is shown
in Table 3 below.
Table 3: Average Estimated Total coliform Bacterial count in the tank water samples
Water
Sample

Total Coliform Bacteria (MPN /100ml)

Week 1

Week 2

Week 3

A

9

9

9

B

26

14

11

C

14

9

11

D

22

17

14

E

9

11

7

F

11

9

5

The bacterial genera isolated in this study were identified as Escherichia, Enterobacter, Klebsiella, Bacillus, Salmonella and Pseudomonas. While the fungal genera and
species were identified as Aspergillus niger, Penicillium chrysogenium, Penicillium
sp, Rhizopus sp, Mucor sp, and Aspergillus sp.
The frequency of isolation (%) of bacterial isolatesfrom the tank water samples is shown in Figure 1. The highest frequency in Sample A is Escherichia sp and
the lowest is Bacillus. The lowest for Sample B is Bacillus spp and the highest is
Escherichia spp. while the lowest in Sample C is Pseudomonas spp and Bacillus spp
and the highest is Escherichia spp. From the table below, it is seen that Escherichia
spp has the highest occurrence in all samples.
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Fig 1: 4: Frequency of isolation of bacterial isolates in the tank water samples
TABLE 4.7: Frequency of occurrence of fungi isolated from the tank water samples
ISOLATE

FREQUENCY

PERCENTAGE (%)

Aspergillus niger

3

12

Penicillium
um

5

20

Rhizopus sp

4

16

Mucor sp

3

12

Aspergillus sp

4

16

Penicillium sp

6

24

TOTAL

25

100

chrysogeni-

Discussion
From Table 4.1, it is seen that the amount of total coliform bacteria is high ranging
from 5 x 100 to 26 x 101 coliform (MPN) per 100ml. this indicates high fecal contamination and does not meet the required standard. However, the World Health Organization (WHO) stated that water intended for human consumption should contain no
indicator organism (WHO, 2006). The contamination of the water samples by coliform could be through broken underground pipes when the pressure within the pipes
becomes lower than that outside; thus, making the bacteriological quality of the wa343
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ter samples to be unsatisfactory. The total heterotrophic bacteria (THB) counts
ranged from 4.05 x 106 to 1.14 x 107 cfu/ml with sample B (Hostel E) having the
highest. The bacterial genera isolated in this study were Escherichia, Enterobacter,
Klebsiella, Bacillus, Salmonella and Pseudomonas. The potential health effects that
may be caused by these bacterial genera include abscesses, ulcers, food poisoning,
inflammation of breast and conjunctivitis in new born, nausea, vomiting, diarrhea,
urinary tract infections, appendicitis, meningitis, abdominal pain, pneumonia and
bacteriaemia (Cheesbrough, 2000;WHO, 2011).
The fungi isolated from the water samples were Aspergillus niger, Penicillium chrysogenium, Penicillium sp, Rhizopus sp, Mucor sp, and Aspergillus sp. This is
an indication that the water samples are not well treated. It could also be that the use
of chlorination as a chief purification procedure, which has remained dogmatic in the
treatment of water is probably not suitable to eliminate fungi. De Maria (1996) and
Oni (2001) independently reported that purification procedures such as chlorination
do not eliminate fungal spores, which implies that perhaps the treatment given to our
sachet water is usually not effective enough to eliminate these microorganisms. Also, Gunhild et al. (2006) suggested that several mold species survive disinfection and
water treatment and could thus contaminate the water after sometime.
Among the water samples, sample F has the highest fungi counts (3.1 x 105)
indicating that it is the most polluted. Furthermore, all the water samples examined
showed evidences of contamination with 2, 3 or more species of fungi (Table 4.7).
Hence, the presence of fungi in the water samples probably indicates poor treatment
techniques. Also, poorly designed septic tanks, poor drainage, human waste water
disposal and poor sanitation (WHO, 2006; Adriano and Joana, 2007) can add endangering fungi to the water.
The genus Aspergillus which was isolated is known to produce aflatoxins
(B1, B2, G1 and G2), the most toxic and potent hepatocarcinogenic natural compounds ever characterized (Bennett and Klich, 2003). This fungi genus cause a wide
range of diseases in humans, ranging from hypersensitivity reactions to invasive
infections associated with angio invasions (Bennett and Klich, 2003). Penicillium
species were mostly abundant and they are known to cause allergy, asthma and some
respiratory problems (Cooley et al., 1998; Frisvad et al., 1998 and Gunhild et al.,
2006). The genus Mucor is known to be a major cause of thrombosis, infarction,
nasal or paranasal sinus infection and GI disorders.
Although it is unlikely that concentrations as low as those reported in this
study can cause fungal infection in healthy people, immunosuppressed persons are
however at risk of infection. Kanzler et al., (2007) suggested that routine microbiological investigations should be made in hospitals or institutions where immunosuppressed individuals are treated.
The areas sampled in this study are the most populated hostels in the University, which means the number of visitors will also be higher than other hostels. This
implies that whatever infection these hostels under study are exposed to is significant
relative to the total population of majority of the student on campus.
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Conclusion
Six (6) fungal species and six (6) bacterial genera were isolated from the water samples. The predominant fungal genera identified were Aspergillus, Penicillium, Rhizopus, and Mucor. Whereas the predominant bacterial genera associated with the water
samples were Escherichia, Enterobacter, Klebsiella, Bacillus, Salmonella, and Pseudomonas. The presence of these fungal and bacterial genera poses a significant threat
to water quality and may be hazardous to human health. Thus, the results of the water quality analyses reveals that the microbiological parameters analyzed in the water
samples were not within the acceptable water quality standards and therefore indicate the existence of pollution in the water samples studied. This implies that consumption of water from these tanks by students and staff of the University may lead
to water borne infections which if not detected in time or poorly managed may cause
death.
Recommendations
The presence of indicator bacteria and some fungal genera shows contamination of
the water samples. It is therefore recommended that; Treatment of the water and
periodic monitoring should be enforced, waste materials should not be dumped near
the reservoir and water tanks, and the underground pipes should be monitored regularly to detect leakage.
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