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This research was targeted at determining the load of enteric pathogens and possible diarrheal disease potentials of 
the water sources to prevent possible disease outbreak through improved portable water supply for the inhabitants. 
Water samples were collected from boreholes, underground tanks, and streams and subjected to standard 
microbiological analysis. The result of total heterotrophic bacterial count (THBC) and total coliform bacterial count 
(TCBC) (cfu/ml) ranged between 2.0×10

5
 to 1.2×10

2
 and 4.8×10

3
 to 2.0×10

1
 cfu/ml respectively. The isolates occurred 

thus: Escherichia coli (50.0%), Salmonella spp. (100%), Shigella spp. (100%), Streptococcus spp. (50.0%), Vibro spp. 
(20.0%), Proteus spp. (30.0%), Klebsiella spp. (80.0%), and Enterobacter spp. (50.0%). This showed that Salmonella 
and Shigella spp. occurred highest (100%) in water samples followed by Klebsiella (80.0%); while the lowest 
occurrence was recorded by Vibro spp. (20.0%). The occurrence of total isolates in water samples showed thus: 
samples A (50.0%), B (37.5%), C (37.5), D (50.0%), E (25.0), F (75.0%), G (50.0%), H (87.5%), I (100%), and J (87.5%). 
These results show that stream water sources had more enteric pathogens followed by underground tank sources 
and borehole water sources being the least contaminated. Water sources in Ahiazu Mbaise are not free from enteric 
pathogens and might expose users to diarrhea. 
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INTRODUCTION 

 
A study in 1990 estimated that more than one billion 
people in developing countries lacked access to safe 
drinking water (WHO, 2000). A clean and treated water 
supply to each house may be the norm in Europe and 
North America, but in developing countries, access to 
both clean water and sanitation are not the rule, and 
waterborne infections are common. The lack of water 
supply and sanitation, that is, water that is easily 
accessible, adequate in quantity, free from contamina-
tion, safe and readily available throughout the year, is the 
primary reason why diarrheal diseases are so common in 
developing countries (Aderigbe et al., 2008; Park, 2002). 
Two and a half billion people have no access to improved 
sanitation, and more than 1.5 million children die each 
year from diarrhea diseases (Fenwick, 2006). Diarrhea  
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accounts for 10% disease burden in developing countries 
(Park, 2002). According to the WHO, the mortality of 
water associated diseases exceeds 5 million people per 
year. From these, more than 50% are microbial intestinal 
infections (Cabral, 2010). Coliform bacteria are used as 
microbiologic indicators for water quality. Freedom from 
contamination with fecal matter is the most important 
parameter of water quality because human fecal matter is 
generally considered to be a greater risk to human health 
as it is more likely to contain human enteric pathogens 
that are agents of diarrhea (Scott et al., 2008). Ahiazu 
Mbaise, Imo State, Nigeria, is made up of about 500,000 
people and the major sources of water supply include 
underground water tanks, streams, and boreholes, which, 
if contaminated, might serve as a major source of enteric 
pathogens responsible for diarrhea disease. Therefore, 
this research was targeted at determining the load of 
enteric pathogens and possible diarrheal disease 
potentials of the water sources to prevent possible 
disease outbreak through improved portable water supply 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Map of the study area. 
 
 

 

for the inhabitants. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study area is as shown in Figure 1. Ahiazu Mbaise is a local 
Government in Imo State of Nigeria and is made up of sixteen (16) 
communities which include Amuzi, Eziama, Isiala Oparanadim, 
Mpam, Nnarambia, Obodo Ahiara Ihenweorie, Obohia/Ekwereazu, 
Ogbe, Ogbennishi, Ogbor, Okirika Nweke I, Okirika Nweke II,  
Okirika Nwenkwo, Oru/Lude, Otulu/Aguneze, and 
Umuno/Umuchieze. The population is estimated to be made up of 
about five hundred thousand people. Sources of water in Ahiazu 
Mbaise include rain water capture (underground tanks, containers), 
boreholes, and pipe borne water from reservoirs, rivers, and surface 
ponds. These rivers are Iyi Obohia, Iyi Ekwerazu, and Iyi 
Okponkume. These rivers are seen around its boundaries with 
Mbaitoli/Ikeduru, Etiti and Mbano Local Government areas, but they 
also serve as source of water to neighboring communities in 
Ahiazu. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Sample collection 
 
Water samples for bacteriological examination were collected with 
clean sterile water sampling bottles and analyzed within 3 h of 
collection. The borehole water samples were collected by first 
scrubbing the tap nozzle with 10% ethanol and flaming with flamer 
gun to burn off the ethanol. This was to sterilize the nozzle from 
external contamination. Thereafter, the borehole tap was opened to 
run for about 5 min before samples were aseptically collected. River 
water samples were collected from the surface by grab sampling 
method, while underground tank water samples were collected with 
clean sterile bottles. 

 

Microbiological analysis 
 
Sterilization of media was carried out by moist heat sterilization 
method using autoclave at 121°C, 15 psi for 15 min. Heat stable 
materials were sterilized using hot air oven at 160°C for 1 h as 
described by Cruickshank et al. (1982). Heat labile materials were 
aseptically rinsed with alcohol and distilled water. The water 
samples were aseptically subjected to 10 fold serial dilutions to 



  
 
 

 
Table 1. Bacterial counts (cfu/ml) of water samples.  

 
 Sample THBC TCBC 

 Borehole water   

 A 1.2 x 10
2
 3.0 x 10

1
 

 B 2.0 x 10
2
 5.0 x 10

1
 

 C 3.4 x 10
2
 2.0 x 10

1
 

 D 1.5 x 10
2
 4.0 x 10

1
 

 E 3.0 x 10
2
 2.0 x 10

1
 

 Underground water   
 F 3.4 x 10

3
 2.2 x 10

2
 

 G 4.7 x 10
3
 2.6 x 10

2
 

 H 2.4 x 10
4
 2.9 x 10

2
 

 River   
 I 1.8 x 10

4
 4.8 x 10

3
 

 J 2.0 x 10
5
 1.9 x 10

4
 

 
THBC- total heterotrophic bacterial count; TCBC- total coliform bacterial count. 

 
 

 
dilute the population of microorganism sufficiently in sterile blanks 
of 9 ml peptone water and then plated to produce discrete colonies 
for easy enumeration. The media used include nutrient agar, 
MacConkey agar, Eosin Methylene Blue agar, TCBS, and 
Salmonella - Shigella agar. All media were prepared as directed by 
the manufacturer. The method was adopted for the inoculation of 
media. Spread plates of appropriately diluted samples were 
incubated at 37°C for 24 h for heterotrophic bacterial count (THBC) 
while total coliform bacterial count (TCBC) were determined after 
incubation at 45°C for 24 h in MacConkey agar. Identification of 
isolates was based on the scheme described by Cheesbrough 
(1984) while serological test confirmed the pathogenicity of isolates 
based on the methods described by Vandepitte et al. (2003). 

 
 
 

 

that Salmonella and Shigella spp. occurred highest 
(100%) in water samples followed by Klebsiella (80.0%), 
while the lowest occurrence was recorded by Vibro spp. 
(20.0%).  

The occurrence of total isolates in samples showed 
thus: sample A (50.0%), B (37.5%), C (37.5), D (50.0%), 
E (25.0), F (75.0%), G (50.0%), H (87.5%), I (100%), and 
J (87.5). Result showed that the sample with the highest 
population of isolates was samples I (100%) followed by 
samples H and J (87.5) which were river underground 
water samples. 
 

 

RESULTS 

 
The result of total heterotrophic bacterial count (THBC) 
and total coliform bacterial count (TCBC) (cfu/ml) is as 
shown in Table 1. Bore hole water examples includes 
samples A, B, C, D and E, and the THBC counts ranged 

between 3.4×10
2
 and 1.2×10

2
 while the TCBC count 

ranged between 5.0×10
1
 and 2.0×10

1
 cfu/ml. 

Underground tank water samples includes samples F, G, 

H and the THBC count ranged between 2.4 × 10
4
 and 

3.4×10
3
 cfu/ml while the TCBC count ranged between  

2.9×10
2
 and 2.2×10

2
 cfu/ml. River water samples include 

samples I and J, and the THBC count ranged between 

2.0×10
5
 and 1.8×10

4
 cfu/ml while the TCBC count ranged 

between 1.9×10
4
 and 4.8×10

3
 cfu/ml.  

Table 2 shows the occurrence of bacterial isolates in 
water samples in percentage (%). The isolates occurred 
thus: Escherichia coli (50.0%), Salmonella spp. (100%), 
Shigella spp. 100% Streptococcus spp. (50.0%), Vibro 
spp. (20.0%), Proteus spp. (30.0%), Klebsiella spp. 
(80.0%), and Enterobacter spp. (50.0%). This showed 

 
 

DISCUSSION 

 

The total heterotrophic bacteria count (THBC) test also 
called “total count” “plate count” is assured to provide an 
estimate of the total number of bacteria in a water sample 
that will develop into colonies during a period of 
incubation in a nutrient. This test detects a wide array of 
bacteria including pathogens, and opportunistic 
pathogens, but could not report all the bacteria in the 
works of Ihejirika et al. (2011). High THBC may be an 
indicator of poor general biological quality of drinking 
water (USEPA, 2003). A recommended maximum 
contaminant level (MCL) for human drinking water has 
not yet been proposed. The upper limit for portable water 
is usually 500 cfu/ml (Ihejirika et al., 2011). According to 
Dezuane (1990), water with counts under 100 cfu/ml 
should be considered “portable” and values 100 to 500 
cfu/ml “questionable”. Therefore, all the water sources 
from Ahiazu Mbaise have questionable water quality.  

The coliform test is a liable indicator of the possible 
presence of fecal contamination and is consequently 



 
 
 

 
Table 2. Occurrence of bacterial isolates in water samples.  

 
 Water samples Escherichia coli Salmonella Shigella Streptooccus Vibro Proteus Klebsiella Enterobacter Occurrence (%) 

 Borehole          

 A - + + + - - + - 50.0 

 B - + + - - - + - 37.5 

 C - + + - - - - + 37.5 

 D - + + - - - + + 50.0 

 E - + + - - - - - 25.0 

 Underground tank          
 F + + + + - - + + 75.0 

 G + + + - - - + - 50.0 

 H + + + + + + + - 87.5 

 Stream          
 I + + + + + + + + 100 

 J - + + + - + + + 87.5 

 % Occurrence
b
 50.0 100.0 100.0 50.0 20.0 30.0 80.0 50.0  

 
 

 

correlated with pathogens. The USEPA MCL is less than 
one coliform per 100 ml. Many human facilities 
periodically test drinking water for coliform and use this 
limit (Dreeszen, 1996). The result of coliform test from all 
the water sources in Ahiazu Mbaise is above the USEPA 
MCL of less than one coliform per 100 ml. Borehole water 

samples were between 2.0×10
2
 and 5.0×10

2
 coliform per 

100 ml, and underground tank water samples between 

2.2×10
3
 and 2.9×10

4
 coliform per 100 ml, while stream 

water samples were between 4.8×10
5
 and 1.9×10

6
 

coliform per 100 ml. This result shows that stream water 
sources had more enteric pathogens followed by 
undergrounded tank sources and borehole water sources 
being the least contaminated.  

All the isolates from the different water sources are 
members of the family Enterobacteriaceae excepting 
Streptococcus spp. and Vibro spp. (Prescott et al., 2005). 
As E. coli (50%) was isolated from underground tank 
water and stream water samples only, it indicated recent 
fecal contamination of the different sources. This result is 
supported by the works of Health Canada (2006), Cabral 
(2010) and Ihejirika et al. (2011). While most strains of E. 
coli are non-pathogenic, some can cause serious 
diarrheal infections in human (Health Canada, 2006).  

Salmonella spp. (100%) was isolated from all the water 
sources samples. This might be due to contamination 
from domestic sewage, agricultural pollution and storm 
water runoffs. This argument is supported by the reports 
of WHO (2008) and Arvanitidon et al. (2005). Salmonella 
spp. are responsible for two types of salmonellosis: 1) 
typhoid and paratyphoid fever; and 2) gastroenteritis (Le 
Minor, 2003). This implies that controlled sewage water 
systems and personal hygiene will reduce the incidence 
of gastroenteritis and typhoid fever (Popoff et al., 2005) 

 
 

 

that might result from the use of all the water sources in 
Ahiazu Mbaise.  

The presence of Shigella spp. (100%) in all the 
samples might be due to unsanitary condition of the 
environment and secondary fecal contamination from an 
intermediary sources (Ihejirika et al., 2011). The 
implication of this is the risk of possible outbreak of 
shigellosis. This was in agreement with the report of 
Emch et al. (2008).  

Streptococcus spp. (50%) isolated in some of the water 
sources might be due to fecal contamination of the water 
sources. This was supported by the report of Pruss 
(1998). Fecal Streptococcus spp. is responsible for 
gastrointestinal illness among humans (Donovan et al., 
2008).  

Vibro spp. (20.0%) was isolated from one underground 
tank water and one river water sample. Its presence in 
these samples might be due to contamination from birds, 
frogs, toads, and fishes precent in aquatic environments. 
This argument is supported by the report of Ali et al. 
(2001). Vibro spp. especially Vibro cholera is responsible 
for the disease cholera in humans (Cabral, 2010).  

Proteus spp. (30.0%) is an enteric pathogen associated 
with the feces of animals including humans (Ihejirika et 
al., 2011). Its low percent occurrence might be due to the 
fact that it exists in minority of contaminating human 
feces. This is supported by the report of Wilson (2005).  

Klebsiella spp. (80.0%) are ubiquitous in the 
environment (Cabral, 2010). They have been associated 
with contaminants like wastewaters, plant products, fresh 
vegetables, food with a high content of sugars and acids, 
frozen orange juice concentrate, sugarcane waste and 
living trees. Klebsiella spp. can cause human disease, 
ranging from asymptomatic colonization of the intestinal, 



 
 
 

 

urinary, or respiratory tract to fatal septicemia (Grimont et 
al., 2003).  

Enterobacter spp. (50.0%) might be an implication of 
fecal contamination of the water sources. This was 
supported by the works of Grimont and Grimont (2005). 
Apart from fecal contamination, Enterobacter spp. might 
have been introduced from other sources like soil, 
polluted water, and plants (Ihejirika et al., 2011). The 
presence of Enterobacter spp. in 8 out of 10 water 
sources implied possible risk of nosocomial and health 
care-associated infection. This argument is supported by 
the reports of Hirdon et al. (2008) and Ihejirika et al. 
(2011). 
 

 

Conclusion 

 

This research work has confirmed that water sources in 
Ahiazu Mbaise is not free from enteric pathogens and 
might expose users to enteric diseases like diarrhea. 
Borehole waters are possibly not treated before usage 
while underground tanks might serve as source of water, 
but care should be taken as it is also a reservoir of water-
borne pathogenic organisms. That streams are 
contaminated is not news, but provision of adequate 
portable water for the teaming population of the 
communities should be of utmost priority to prevent the 
morbidity and mortality caused by diarrhea. 
 

 
REFERENCES 
 
Aderigbe SA, Awoyemi AO, Osagbami GK (2008). Availability, 

Adequacy and Quality of Water supply in Ilorin Metropolis Nigeria. 
Eur. J. Sci. Res., 23(4): 528-536.  

Ali M, Emch M, Yunus M, Sack RB (2001). Are the environmental 
Niches off Vibrio cholerae 0139 different from Vibrio cholerae 01EI 
Tor? Int. J. Infect., 5: 214-219.  

Arvanitidon M, Kanellou K, Vagiona DC (2005). Diversity of Salmonella 
spp. and Fungi in Northern Greek Rivers and their Correlation to fecal 
indicators.Environ. Res., 99: 278-284. 

Cabral JP (2010). Water Microbiology. Bacteria Pathogens and Water. 
Int. J. Environ. Res. Pub. Health, 7: 3657-3703.  

Cheesbrough M (1984). Medical Laboratory Manual for Tropical 
Countries. Butterworth Co. Ltd.  

Cruickshank R, Dugauid JP, Marmoin BP, Swain RHA (1982). “Medical 

Microbiology”. The practice of Medical Microbiology 13
th

 ed. Churchill 
Livingstone, Edinburgh, 2: 273-284.  

DeZuane J (1990). Handbook of Drinking Water Quality Standard and 
Controls, Van Nostrand Reinhold, New York.  

Dreeszen PH (1996). Microbiological Survey of Watering Systems, 
Edstrom Industries, Inc. Document #D209.  

Emch M, Ali M, Yunus M (2008). Risk areas and Neighborhood- Level 
Risk Factors for Shigella dysenteriae 1and Shigella flexneri. Health 
Place, 14: 96-104. 

  
  

 
 

 
Fenwick A (2006). Waterborne - Could they be consigned to History? 

Science, 313: 1077-1081.  
Grimont F, Grimont PAD, Richard C (2003). The genus Klebsiella. In the 

Prokaryotes: An Evolving Electronic Resource for the Microbiological 
Community, electronic release 3.14, 3rd ed.; Dworkin, M., Falkow, S., 
Rosenberg, E., Eds.; Springer- Verlag: New York, NY, USA. 

Grimont PAD, Grimont F (2005). Genus Enterobacter. In Bergey’s 
Manual of Systematic Bacteriology, 2nd ed. Brenner, D.J., Krieg, 
N.R., Staley, J.T., Eds Springer: New York, NY, USA, 2(B): 661-669.  

Health Canada (2006). Bacterial Waterborne Pathogens-Current and 
Emerging organisms of Concern. Guidelines for Canadian Drinking 
Water Quality: Guideline Technical Document, Ottawa, Ontario.  

Hirdon AI, Edwards JR, Patel J, Horan TC, Sievert DM, Pollock DA 
(2008). Antimicrobial resistance pathogens associated with 
Healthcare-associated infections: Annual summary of data reported 
to the National Safety Network at the Centers for disease control and 
prevention, 20062 007. Infect. Control Hosp. Epidemiol., 29: 996-
1011.  

Ihejirika CE, Ogbulie JN, Nwabueze RN, Orji JC, Ihejirika OC, Adieze 
IE, Azuwike OC, Ibe IJ (2011). Seasonal Influences on the 
Distribution of Bacterial Pathogens and Waterborne Diseases 
Transmission Potentials of Imo River, Nigeria. J. Res. Biol., 3: 163-
172.  

Le Minor LE (2003). In the prokaryotes: An Evolving Electronic Resource 

for the Microbiological Community, electronic release 3.14, 3
rd

 ed.; 
Dworkin, M., Falkow, S., Rosenberg, E., Eds.; Springer-Verlag: New 
York, NY, USA.  

Park K (2002). Environment and Health in: Park Textbook of preventive 
and social medicine, p. 17.  

Popoff MY, Le Minor LE (2005). Genus Salmonella. In: Bergey’s Manual 

of Systematic Bacteriology, 2
nd

 ed; Brenner, D.J., Krieg, N.R., Staley, 
J.T., Eds. Springer: New York, NY, USA., 2(B): 764-799. 

Prescott  LM,  Harley  JP,  Klein  DA  (2005).  Microbiology.  6
th

  edition. 
McGraw Hill.  

Pruss A (1998). Review of epidemiology study of health effects from 
exposure of recreational water. Int. J. Epidemiol., 27: 1-9.  

Scott TM, Salina P, Rosen KM, Tamplin JB, Farran ML, Koo SR, Sood 
A, Singh KD, Pandey P, Shama S (2008). Assessment of bacterial 
indicators and physicochemical parameters to investigate pollution 
status of Gangetic river system of Uttarakhand (India). Ecol. 
Indicators, 8: 709-717.  

USEPA (United States Environmental Protection Agency) (2003). 
Drinking Water Quality Standards. Edstrom Industries, Waterford, 
Wisconsin. 

Vandepitte J, Verhaegen J, Engbaek K, Rohner P, Piot P, Heuck CC 

(2003). Bacteriological procedures in clinical bacteriology (2
nd

 ed). 
World Health Organization, Geneva., pp. 122-137.  

WHO (World Health Organization) (2008). Guideline for drinking – water 

quality. Incorporating 1st and 2
nd

 Addenda, Volume 1, 

Recommendations, 3
rd

 ed; WHO, Geneva, Switzerland.  
WHO/UNICEF (2000). Global Supply and Sanitation Assessment 2000 

Report. Geneva/New York.  
Wilson M (2005). Microbial Inhabitants of Humans. Their Ecology and 

Role in Health and Disease: Cambridge University Press: Cambridge, 
UK. 


