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ABSTRACT

The microbiological quality of sachet and tap water in Enugu, State, Nigeria was analyzed. Sachet water was purchased
from five different manufacturers. Samples Q,, Ty, Ry, J;, and M were directly from the manufacturers while samples
Q2, T2, Ry, Jo, and M, were obtained from the retailers. Tap water was collected from three different locations in the
town. All water samples were subjected to bacteriological (aerobic and anaerobic) and fungal studies using standard
bacteriological and mycological methods with little modifications. For sachet water, batch of five packets both from the
manufacturer and retailers were analysed and average result taken. Five separate tap water samples were taken from the
three different locations. For sachet water, E. coli and S. faecalis were isolated with colony forming units (CFU) rang-
ing from 7 to >500. For tap water, isolates included Coliform, CI. sp and Penicillium sp. An average of 66% Clostrid-
ium sp was recovered from all the tap water of the 3 different locations. Penicillium sp was isolated from only 16.6% of
tap samples. Microbial quality may vary rapidly and widely but short-term peaks in pathogen concentration may in-
crease disease risks considerably and may also trigger outbreaks of waterborne disease.
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1. Introduction continue to support the use of bacterial indicator levels
and their isolation as a basis for judging and verifying
drinking water quality [9,10]. A bacterium can be used as
the indicator organism if it fulfils most of the following
criteria; present in faeces in abundant number; present in
scanty number in other sources; easy to isolate, identify
and enumerate, unable to grow in water; able to survive
longer in water than other pathogens; more resistant to
disinfectants such as chlorine [5]. Estimation of hydro-

ing countries can be attributed to lack of safe drinking gen sulphide (H,S) for detection of faecal contamination

water (like cholera, typhoid, Hepatitis, Poliomyelitis etc.) of drinking ther Is also in use [1%'16.]' .
[2-4]. To determine faecal contamination, the following

could be used: presumptive test, confirmed test and com-
pleted test [17]. Based on bacteriological tests drinking
water is classified as shown in the Table 1 below.

Water is examined microbiologically to determine its
sanitary quality and its suitability for general use. The
aim being that it will be acceptable for internal consump-
tion and other uses in contact with man [1]. Water may
contain poisonous chemical substances, pathogenic or-
ganisms (infective and parasitic agents), industrial or
other wastes or sewage and is referred to as being con-
taminated or polluted. Most of the infections in develop-

Water that is wholesome and fit for drinking is said to
be potable [5]. The source of water contamination re-
sponsible for the spread of infectious diseases is almost
invariably faeces [6,7]. Faecal contamination of water is
established by the isolation of an organism that occurs
only in faeces, never free-living in nature. There are sev-

Table 1. Guidelines for determination of feacal contamina-
tion of water.

eral such organisms like Echerichia coli, Clostridium Class Grade Presumptive count E. coli count
perfringens and Streptococcus faecalis. The finding of E. per 100 ml. per 100 mL
coli or Clostridium perfringens and S. faecalis is suffi- ! Excellent 0 0
cient evidence that the water in question is not safe, since I Satisfactory 1-3 0
enteric pathogens may be presumed present [8]. The I Suspicious 4-3 0
World Health Organization and many other authorities _

v Unsatisfactory 10 0, 1, or more
"Corresponding author. Rajesh and Rattan 2004.
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Two methods are commonly used for the detection of
indicator bacteria in water; multiple test method and
Membrane filter method. An alternative method for the
analysis of drinking water by which results can be ob-
tained in 18 hours, based upon defined substrate tech-
nology is described by Boubetra [18].

In Nigeria, the National Agency for Food Drug Ad-
ministration and Control (NAFDAC) checks for the
quality of sachet and bottled water among other things, to
ensure they are fit for human consumption. Unwhole-
some water sold to the public is encountered occasionally.
They are either coloured or have sediments. The objec-
tive of this study is to purchase sachet water from manu-
facturers, the open market as well as tap water and sub-
ject them to microbiological analysis to check for their
quality.

2. Materials and Methods

Collection of Water Samples: In this study, done in 2008,
tap and sachet water were microbiologically analyzed
from the manufacturers and retailers. Five bags of water
each containing 20 Sachets of water (totaling 100) were
purchased from five different manufacturers. Samples Q,
T1, Ry, Ji, and My were directly from the manufacturers
while samples Q,, T,, Ry, J, and M, were obtained from
the retailers. Tap water from three different areas of
Enugu municipality (North (N), West (W) and South (S)
were analyzed twice as follows: Ny, N,; Wy, W, and S,
Sz.

Tap Water Analysis: The outside of the tap was
wiped using a clean sterile cloth. The tap was turned on
at maximum flow rate and the water allowed to flow for
1 to 2 minutes. The tap was then disinfected for a minute
with flame using ignited cotton wool soaked in spirit.
The tap was then opened and water was allowed to flow
at medium rate for 1 to 2 minutes. A previously sterilized
glass container was opened for collecting 2 liter sample
of water by holding the bottle steady under the water jet.
A small airspace was left in the container to allow for
shaking at the time of analysis. The flask was properly
stoppered with its cap and brown paper fixed on it with a
string [2].

Sachet Water Analysis: A selected edge of the sachet
was cleansed with 70% ethanol, cut open with a sterile
scissors and the water poured into a sterile measuring
cylinder.

Colony Count: Membrane filters (MF) method. The
method described by Noble et al. [19] was strictly fol-
lowed; 100 mls of each water sample was filtered
through sterile membrane which retained the bacteria on
its surface. The membrane was removed aseptically and
placed on a MacConkey medium that was then incubated
at 37°C for 24 hrs. Coliform colonies (indicating faecal
contamination) growing on the surface of the membrane
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were counted and recorded as Coliform density (total
Coliform colonies per 100 mL) or colony forming unit
(CFU).

Detection of Clostridium perfringens: A modification
of the method of Rajesh and Rattan [2] was used. 50 mls
each of the water sample was added to 100 mL of litmus
milk in sterile bottles and placed in a water bath at 80°C
after laying the surface with paraffin to discourage the
growth of aerobic bacteria. The bottles were well sealed
and incubated at 37°C for 5 days. A typical stormy clot
reaction together with acidity was regarded as positive
for CI. perfringens. Motility and sulfite reduction tests
were carried out for further confirmation as ClI. perfrin-
gens is non motile and reduces sulfite to sulfide evi-
denced by black precipitates of iron sulfide.

Detection of Yeast and Filamentous Fungi: The mem-
brane filter (MF) method was also used. The membrane
was removed aseptically and placed on a Sabouraud
Dextrose Agar (SDA) and also on Sabouraud Dextose
Agar containing 50 mg of Chloramphenicol per litre.
These were incubated for 1 - 3 weeks. The presence of
yeast and filamentous fungi were recorded as described
by Arvanitidou et al., [20].

3. Results

The result of the microbiological analysis of sachet and
tap water analysis in Enugu state, Nigeria revealed that
both water sources had microbial load signifying con-
tamination. The outcome of sachet water analysis is
shown in Table 2. The bacterial isolated included Coli-
forms, Eschericha coli and Enterococci, Strep faecalis,
with mean colony forming units (CFU) ranging from 7-
>500 CFU/100mL. The Coliforms count was as follows:
Batch Q, Q; and Q, had 500 CFU/100mL and 200
CFU/100mL, respectively, T, and T, (from batch T) had
7 CFU/100mL and 8 CFU/100mL, respectively. The R;
from batch R had 57 CFU/100mL of enterococci and no
isolate of Coliforms. However, M; and M, from batch M
had 35 CFU/100mL and 50 CFU/100mL each. There was
no anaerobic isolate in any of the sachet water. In fungal
studies, Penicillium sp. were isolated from sachets Q,
(40%), Ry (30%) and M; (10%). Tap water analysis is
shown in Table 3. The CFU range from 188 to >1000 for
the bacterial (coliform) aerobic isolates. Clostridium sp.
was recovered under the anaerobic bacterial isolates in
66% of the tap water samples analyzed while Penicillium
sp was isolated from only 16.6% of tap samples.

4. Discussion

Escherichia coli (faecal coliforms), Strep faecalis (faecal
streptococci) and sulfite reducing clostridia (Clostridium
perfringens) were among the organisms isolated. Es-
cherichia coli outnumbered other Coliforms in all the
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Table 2. Mean result of satchet water microbial analysis.

Sachet Water Samples Samples E. coli Coliform Enterococci  Clostridium sp. Fungal Isolates
Q Q >1000 cfu/100mL >500 cfu/100mL - - -
Q: >500 cfu/100mL  Coliform 200 cfu/100mL - - Penicillium sp. 40 (40.0%)
T T, 12 cfu/100mL 7 cfu/100mL - -
T, - 8 cfu/100mL - -
R R: >500 cfu/100mL 57 cfu/100mL -
R, >500 cfu/100mL - - Penicillium sp. 30 (30%)
J Ji - - - -
J 35 cfu/100mL - - - -
M M; 55 cfu/100mL 35 cfu/100mL - - Penicillium sp. 10 (10%)
M, - 50 cfu/100mL Nil -

As, By, Ry, J1 and M; = Samples from Manufacturers; A, B, Rz, J2 and M, = Samples from Retailers.

Table 3. Mean result of tap water microbial analysis.

Tap water Samples E. coli Coliform Enterococci Clostridium sp.  Fungal Isolates
N Ny >1000 cfu/100mL >1000 cfu/100mL - Clostridium sp. -
N, >1000 cfu/100mL >500 cfu/100mL - - -
W W, >500 cfu/100mL >1000 cfu/100mL - Clostridium sp. -
W, 300 cfu/100mL >1000 cfu/100mL - Clostridium sp. -
S S 300 cfu/100mL 200 cfu/100mL - Clostridium sp.  Penicillium sp.
Sz 200 cfu/100mL 188 cfu/100mL - Nil -

1 & 5 signifies 1% & 2" sampling from same source.

samples where coliforms were isolated.

There is evidence of Coliform contamination in all the
samples both sachet and tap water. The amount of con-
tamination evidenced as CFU/100mL of water sample
ranging from 188 - >1000 in tap water and 7 - >500 in
sachet water speaks for itself and the possibility of some
containing pathogens is real. There was no evidence of
any anaerobe in all sachet water samples, though 30% of
the samples contained Penicillium sp. isolates. It is known
that some Penicillium sp can produce mycotoxin [21,22].
In tap water 66.6% of samples yielded anaerobic isolates
of Cl. sp.

Comparison of the present study result with that done
in Kebbi state of Nigeria on microbiological analysis of
sachet drinking water is not encouraging [23]. Microbial
water quality may vary rapidly and widely. Short-term
peaks in pathogen concentration may increase disease
risks considerably and may also trigger outbreaks of wa-
terborne disease. Results of water quality testing for mi-
crobes are not normally available in time to inform man-
agement action and prevent the supply of unsafe water.
Outbreaks of waterborne disease can affect large num-
bers of persons, this necessitates priority in developing
and applying controls on drinking-water quality to check

Copyright © 2012 SciRes.

disease outbreak. Sample points should be marked out
from water catchment, down the main pipes to end point
user (home). How representative of the target population
was the study sample in order to ensure confidence in the
reliability of the results across a wider group was consid-
ered. Hence we selected different areas of Enugu mu-
nicipality for this study. Household, non-piped water
supplies, such as roof catchments (rain water harvesting),
surface waters and water collected from wells or springs
common in Enugu, may often be contaminated with
pathogens. They require treatment and protected storage
to achieve safe water. Household water treatment (HWT)
methods include:

Chemical disinfection.

Membrane, porous ceramic or composite filters.
Granular media filters.

Solar disinfection.

UV light technologies using lamps.

Thermal heat technologies.

Coagulation, precipitation and sedimentation.
Combination (multi-barrier) treatment approach [24].
Drinking water companies (sachet or bottled) can
choose any of the above appropriate combinations for
water treatment and the empowered government agency
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on such products must supervise them to maintain high
standards. Households ideally should boil and filter water
before drinking. Since we have plenty of sunshine in our
geographical zone, households can store water in large
volume transparent containers for additional solar disin-
fection (radiation). The importance of potable water is
well known. Water is an essential part of almost all food
processing operatives, being well used as an ingredient,
transportation medium, washing and sanitation amongst
other activities.
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