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ABSTRACT 

A severe outbreak of cholera in Ibadan (Oyo state, Nigeria) occurred after a devastating flood in August, 2011, causing 
the death of over 18 persons and several cases of hospitalization. The project aimed at screening sachet water for mi-
croorganisms related to water-borne diseases. One hundred sachet water samples were randomly collected. The pH was 
determined using a digital pH meter. Values ranged between 6.3 - 8.7, with 28% of the samples being above the WHO 
approved range of 6.4 - 7.6. No residual chlorine was detected. Gram negative isolates were 80%, while 20% were 
Gram positive. Faecal coliforms above the recommended WHO zero coliforms per 100 mL were 30%. Escherichia coli 
had the highest incidence (17%), followed by Acinetobacter sp. (12%), Enterobacter aerogenes (11%), Flavobacterium 
sp. (11%), Proteus mirabilis (11%), Staphyloccocus aureus (10%), Bacillus subtilis (8%), Micrococcus sp. (5%), 
Streptococcus faecalis (2%), Klebsiella sp. (2%) and Vibrio cholerae (1%). There is urgent need for public awareness 
campaigns against water-borne diseases. 
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1. Introduction 

Ibadan, the capital of Oyo state in southwestern Nigeria 
has a population of over 4.1 million people [1]. In the 
city, people from all works of life depend on water from 
questionable environmental sources to satisfy their 
drinking needs. Good drinking water is of basic impor-
tance to human physiology, and man’s continued exis-
tence depends very much on its availability. The human 
body is made up of 70% water. People begin to feel 
thirsty after a loss of only 1% of body fluid and risk 
death, if body fluids loss is near 10% [2]. The provision 
of potable water to the rural and urban population is nec-
essary to prevent health hazards [3]. Before water can be 
described as potable, it has to comply with certain 
physical, chemical and microbiological standards, which 
are designed to ensure that the water is palatable and safe 
for drinking [4]. Potable water is defined as water that is 
free from disease-producing microorganisms and chemi-
cal substances deleterious to health [5]. 

Water can be obtained from a number of sources, 
among which are streams, lakes, rivers, ponds, springs 
and wells [6] Unfortunately, clean, pure and safe water 
only exists briefly in Nature and is immediately polluted 
by prevailing environmental factors and human activities. 

Water from most sources is unfit for immediate con-
sumption without some sort of treatment [7]. 

In Nigeria, and Ibadan in particular, with an increasing 
population density the scarcity and pollution of surface 
water pose a serious problem for urban drinking water 
supplies [8-10]. A report in 2004 [10] showed that out of 
the total urban households in Ekiti state (Nigeria) only 
53.3% have access to pipe-borne water and only 43.3% 
of the households in the southwestern part of the country 
have such access. Rapid urban growth often puts tre-
mendous pressure on water resources. 

In many parts of Nigeria and several other African 
countries, piped water supply is either unavailable or 
irregular, especially in the small-sized communities and 
towns. Even in most Nigerian cities, the supply of water 
for domestic purposes has several accompanying inade-
quacies. According to Sangodoyin [11] reasons given for 
these inadequacies include an enormous socio-economic 
rate of development, a growing industrial base, poor 
planning, insufficient funding, haphazard implementation 
of programs, and a lack of maintenance culture as well as 
technically deficient personnel. 

The consequences of water-borne bacteria and viral 
infections such as polio, hepatitis, cholera, typhoid, diar-
rhea, stomach cramps, etc., have been well established. 
In 2006, water-borne diseases were estimated to cause *Corresponding author. 
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1.8 million deaths worldwide each year, while about 1.1 
billion people lacked safe drinking water [12]. Conse-
quent to the realization of the potential health hazards 
that may result from contaminated drinking water, con-
tamination of drinking water from any source is therefore 
of primary importance because of the danger and risk of 
water-borne diseases [13]. To live in good health, people 
need to have access to good quality water in adequate 
quantity. 

It is often assumed that natural, uncontaminated water 
from deep wells is clean and healthy, and this is usually 
true with regard to bacteriological composition. However, 
bacterial pollution of water sources may occur and is 
mostly derived from watershed corrosion as well as 
drainage from sewage, swamps or soil with high humus 
content. This type of hazard exists particularly in lime-
stone areas where underground chambers or fissures may 
permit water to flow into the freely moving streams 
without caution for human drinking purposes because of 
the inherent risk [10,14-17]. 

In August, 2011, a devastating flood hit the city of 
Ibadan, Nigeria leading to loss of several lives. After the 
flood there was subsequent outbreak of cholera that 
claimed 18 lives and left several hospitalized. Prior to the 
cholera incidence was the general knowledge that sachet 
water sources were was not sterile and that they may 
contain bacteria from naturally occurring sources as well 
as those introduced during manufacturing and consumer 
handling [18]. The aim of the study was to ascertain if 
sachet water, popularly called pure water, was actually 
indeed pure or poor after the flood disaster. The specific 
objectives were: 

1) To isolate microorganisms present in sachet water; 
2) To enumerate microorganisms present in sachet water; 
3) To characterize isolates obtained using biochemical 

parameters; 
4) To determine some physicochemical properties of 

sachet water  

2. Materials and Methods 

The study was carried out in Ibadan, a city in southwest 
of Nigeria with five local government areas: the Ibadan 
South West, Ibadan South East, Ibadan North West, 
Ibadan North East and Oluyole Local Government areas. 
The population of Ibadan was estimated to be 4.1 million 
people in 2009 [1]. 

2.1. Study Design 

The study is descriptive in nature and it involved a ran-
dom sampling designed to provide baseline data on the 
bacteriological quality of sachet packaged water through 
laboratory analysis. Samples were analyzed within 12 h 
of collection. 

2.2. Study Sample 

Sachet water was drawn randomly from a street vendor 
from each of the five local Government Areas of Ibadan. 
Two bags were randomly picked from each bag of 20 
sachets and sampling was done three times. The same 
brand was collected three times because the brands were 
written on each sachet and analyzed within 12 hours of 
collection. The information on the sachets was noted and 
sachet water companies were visited. All companies vis-
ited had their own boles sunk within the vicinity of the 
company. 

2.3. Physicochemical Properties of Sachet Water 

Physicochemical properties examined were pH, colour, 
turbidity, residual chlorine and iron content. pH was de-
termined using a pH meter (Engineered Systems and 
Design Serial No. 574924) USA, residual chlorine was 
analyzed using DPD No. 1 tablets, iron levels were de-
termined using DPD Iron No.1 and colour and turbidity 
were assessed visually. 

2.4. Isolation of Microorganisms 

One milliliter of each sachet water was serially diluted 
and I mL of an appropriate dilution was inoculated on 
nutrient agar plates in triplicate for total viable counts. 
For coliform count, faecal streptococcal counts, 100 mL 
of each sachet water was filtered through a membrane 
filter (size 0.45 µm; batch No. BM 9KN3121) and plated 
on MacConkey agar and Eosin Methylene Blue agar 
plates and incubated at 37˚C for 24 hours, after which 
visible colonies were counted and results were expressed 
in cfu/mL. The choice of Eosin Methylene Blue for Vi-
brio cholerae is due to the fact that it can grow on many 
kinds of media including Thiosulphate Citrate Bile Su-
crose Agar, which is very expensive. 

2.5. Characterization and Identification  
of Isolates 

This was done according to standard methods described 
by Olutiola et al. [19]. The methods involved Gram 
staining, morphological, cultural and biochemical char-
acteristics (catalase, coagulase, oxidase, methyl red, Vo-
ges Proskauer, citrate reduction, indole, and sugar fer-
mentations test). 

2.6. Test for Coliforms 

(a) Presumptive test: 
Single strength lactose broth was inoculated with 0.1 

mL of water sample and incubated at 37˚C for 24 to 48 h. 
The lactose broth tubes were observed for gas production 
after 24 hours of incubation. A gas production of 10% or 
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more is taken as a presumptive test for coliforms.  
(b) Confirmed test: 
Two plates of Eosin Methylene plates were streaked 

with broth from presumptive positive tubes and incu-
bated at 37˚C for 24 hours. Growth of bluish black colo-
nies with metallic sheen confirms the presence of E. coli. 
Colonies of Enterobacter aerogenes, if present, appeared 
brownish and tend to coalesce. 

(c) Completed test: 
Two confirmed coliform colonies were inoculated into 

lactose broth with Durham tubes and incubated at 37˚C 
for 24 hours for gas production. Evidence of gas produc-
tion was an indication of a completed coliform test. 

2.7. Statistical Analysis 

All results were analyzed using Analysis of Variance and 
Student t test. 

3. Results 

The pH of the sachet water ranged between 6.3 - 8.7. 
Twenty eight percent of the screened water samples had 
pH values above the WHO approved range of 6.4 - 7.6 
(Table 1). No residual chlorine was detected. It was also 
gathered that most sachet water companies do not chlo-
rinate their water and so results of residual chlorine was 
negative. Iron levels were minimal in all water samples. 
Thirty percent of water samples had faecal coliforms 
above the recommended WHO standard of zero coli-
forms per 100 mL (Table 2). Sugar fermentation results 
revealed Escherichia coli had the highest incidence of 
17%. Other probable isolates were Staphylococcus aureus, 
Bacillus sp., Enterobacter aerogenes, Flavobacterium sp., 
Proteus sp., Klebsiella sp., Streptococcus faecalis, Acine- 
tobacter sp. Only one sample of sachet water had Gram 
negative cocoid bacilli that were curved, indicating Vi- 
brio sp. (Figure 1). Vibrio cholerae was confirmed using 
sugar fermentation tests. 
 
Table 1. Physicochemical parameters of sachet water sold in 
Ibadan and its environment. 

Parameter 
WHO  

standard 
Satisfactory 

Unsatisfactory 
samples 

Ph 6.4 - 7.6 72 28 

Total hardness  
(mg/L) 

500 90 10 

Residual chlorine Nil 100 Nil 

Iron (mg/L) 0.3 mg/L 100 Nil 

Colour <15 TCU 100 Nil 

Odour Odourless 100 Nil 

Taste Tasteless 92 8 

Turbidity 1.5 mg/L 95 5 

Table 2. Total bacterial and coliform counts in sachet water 
sold in Ibadan and its environs. 

Coliform count
Number of  

samples 
Total Bacterial  

Count 
Number of 

samples 

0* 70 0 - 50 60 

2 - 3** 7 51 - 200 26 

4 - 10*** 13 200 - 1000 7 

10 - 100**** 10 1000 - 50,000 7 

Key: *Quality applicable to disinfectant only; **Satisfactory (requiring chemi- 
cal methods of treatment); ***Unsatisfactory (unhealthy for consumption; 
requiring extensive treatment before use); ****Unacceptable (sources should 
be avoided and only be used when unavoidable, even after treatment) [20]. 

 

 

Figure 1. Isolate of Vibrio cholerae from a sample of water 
cultured on Eosin Methylene Blue agar. 

4. Discussion 

Water-borne diseases are caused by pathogenic micro- 
organisms which are directly transmitted when contami- 
nated water is consumed. According to the World Health 
Organization, diarrhoeal disease accounts for an estimated 
4.1% of the total daily global burden and is responsible 
for the deaths of 1.8 million people every year. It was 
estimated that 88% of that burden is attributable to unsafe 
water supply, sanitation and hygiene [21]. 

This study is unique and quite different from previous 
studies because in 2011, a severe flood in the city of 
Ibadan caused several deaths and thereafter, a devastat-
ing cholera broke out leading to several hospitalizations 
and 18 recorded deaths. Several cases of diarrhea in Ni-
geria and most developing countries are not reported at 
the Ministry of Health and often the numbers of mortali-
ties in the environment are higher than numbers given by 
the Federal Ministry of Statistics. 

Water samples sold as sachet water were analyzed and 
Table 1 shows their physicochemical properties. The 
physicochemical quality affects water acceptability be-
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cause of its aesthetic considerations. Results show that 
water samples were colourless, odourless, had no resid-
ual chlorine and were not turbid. Only 92% met WHO 
standard of being tasteless and 72% of the sachet waters 
met the WHO pH standard of 6.4 - 7.6. pH levels of less 
than 7 may cause severe corrosion of metals while at pH 
8 , there is progressive decrease in the efficiency of chlo-
rine disinfection process. An acceptable pH of drinking 
water is 6.4 - 7.6. In the absence of a distribution system, 
the acceptable range of pH may be broader [22]. pH af-
fects various water treatment processes that contribute to 
the removal of viruses, bacteria and other harmful organ-
isms; it could be claimed that pH has an ill-effect on 
health [23]. 

All sachet water analyzed had Total Dissolved Solids 
(TDS) below 500 mg/L. According to consumer ratings, 
any water with TDS of <500 mg/L is described as excel-
lent [24] and greater than 1700 mg/L as unpalatable. 
Chemical substances leached into underground or surface 
water may be hazardous to health. 

Tables 2 and 3 show the bacteriological load seen in 
the screened sachet water samples. A bacteriologically 
pure water is one that is free from faecal pollution. Re-
sults showed the presence of pathogenic organisms at 
levels above the approved WHO standard in thirteen sa-
chet water samples which are consequently termed un-
satisfactory that is unhealthy for consumption and re-
quiring extensive treatment before use. Ten other sam-
ples were totally unacceptable and sources of such water 
samples should be avoided and only be used when un-
avoidable even after treatment [21,23]. The likely causes 
of unacceptable water will be seepage from septic tanks, 
cow dungs which litters the roads and generally unhy-
gienic practices contributing to the Enterobacteriaceae 
counts observed in affected boreholes used in making 
sachet water. Detection of coliforms shows the danger of 
faecal pollution and the consequent hazard of contracting 
diseases. The presence of pathogenic organisms in sachet  
 
Table 3. Microorganisms isolated from sachet water sold in 
Ibadan and its environs. 

Organisms isolated % Occurrence 

Escherichia coli 17% 

Staphylococcus aureus 10% 

Micrococcus sp. 5% 

Bacillus subtilis 8% 

Streptococcus faecalis 2% 

Klebsiella sp. 2% 

Enterobacter aerogenes 11% 

Flavobacterium sp. 11% 

Proteus mirabilis 11% 

Acinetobacter sp. 12% 

Vibrio cholerae 1% 

water has been previously reported by Olaoye and 
Onilude [25]. It has been reported that typical enteropa-
thogenic Escherichia coli is a leading cause of infantile 
diarrhea in developing countries, whereas this is rare in 
industrialized countries [26].  

Organisms isolated included Escherichia coli, Staphy-
lococcus aureus, Enterobacter aerogenes, Flavobacte-
rium sp., Proteus mirabilis, Acinetobacter, and Vibrio 
cholerae. Most samples had multiple pathogens as coli-
form counts indicated not only E. coli, but other mem-
bers of the Enterobacteriaceae e.g., Salmonella, Shigella, 
Campylobacter, etc. These bacteria have been implicated 
in water related diseases [27]. 

Poor personal hygiene of handlers and environmental 
hygiene have been reported to contribute significantly to 
the level of contamination in packed water in developing 
countries [28]. The poor microbiological quality of drink- 
ing water samples have been reported in other countries 
[29-31]. 

The detection of Escherichia coli, E. aerogenes and 
Vibrio cholerae implied that the water samples might 
have been potentially contaminated with faecal matter 
and are therefore not safe for human consumption. WHO 
[23] has reported that occurrence of pathogens or indica-
tor organisms in water sources depends on the intrinsic 
physical and chemical characteristics of the catchment 
area, the magnitude and range of the human activities 
and animal sources that release pathogens to the envi-
ronment [21]. 

The detection of Vibrio in a water sample (Figure 1) 
indicates that the water sample is contaminated with fae-
cal matter or the producers of the particular brand of sa-
chet water contaminated the water by unhygienic prac-
tices from their faecal waste [32] Vibrio cholerae is the 
organism that causes cholera, which is a dreaded disease 
worldwide. The disease is characterized by profuse diar-
rhea and vomiting [33]. 

The disease resurgence in Ibadan—the third most 
populous city south of the Sahara occurred in August, 
2011 after a devastating flood that hit the city after 12 
hours of torrential rainfall. The flood contributed in no 
small measure to the sporadic occurrence of cholera in 
some parts of the city. This led to much agony and mor-
tality as reported by The Nation Newspaper where 945 
cases were reported and 11 deaths [34]. Most of the pa-
tients were rejected in the hospitals on the grounds that 
there were no beds for admission. According to Lawoyin 
et al. [35], the disease had occurred in the city first in 
1970 and is still reoccurring sporadically due to poor 
sanitation of the inhabitants. 

From the 100 sachet water screened, it is noteworthy 
that 70% met the WHO standard of zero colifoms; 7% of 
sachet water had 2 - 3 coliforms, 13% had 4 - 10 coli-
forms and 10% had 10 - 100 coliforms. Only one brand 
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of sachet water located in a particular area in the city had 
Vibrio cholerae. A visit to the company clearly revealed 
that the environment was not ideal and sanitary practices 
were not adhered to. There was no UV light for steriliza-
tion of water samples. 

5. Conclusion 

In conclusion, due to the public health significance of 
cholera, the government should attend to the outbreaks of 
cholera with prompt attention and take proactive steps to 
halt its future resurgence. Although the present findings 
have been forwarded to the Nigerian Regulatory Agency 
called the National Agency for Food, Drug Administra-
tion and Control (NAFDAC) for prompt action, and 
NAFDAC has already undertaken its best prompt action 
by sealing off the factory, much is still desired in the area 
of public health education because severe health implica-
tions like cholera and other gastrointestinal diseases out-
breaks can occur and consumer protection measures on 
news media in the local languages spoken by the people, 
routine monthly sampling of all water samples before 
being injected into the market and finally the possible 
development of vaccine against cholera. 
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