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Abstract: This study evaluated the persistence of three (3) bacteria in sterilized and unsterilized samples of
bottled, chlorinated, underground and surface water stored at room temperature, in a refrigerator and exposed
to sunlight. Bacterial survivalwas monitored using plate count method on selective media. A general decrease
in the plate count of all the bacteria was observed in the four water samples under all the storage conditions
and Shigella  was  inactivated  in sterilized chlorinated (tap) water. The bacteria survived better in sterilized
water than in unsterilized water.The longest period of persistence for Salmonellawas in groundwater at room
temperature for 90days and up to 8% of the original inoculum was still detectable at day 90. Also, E. coliwas
observed  to  persistfor  the  longest period (42 days, 12.2%) in ground water at  room  temperature  and
Shigella (56 days, 32.9%) in surface water on exposure to sunlight. The differences in the bacterial survival in
the  four  water  types  weresignificant  (P<0.05).  There was no significant difference (P>0.05) between the
means of the survival of each of the enterics at room temperature and on exposure to sunlight. The difference
between their meansduring storagein the refrigerator washowever, significant (P>0.05).
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INTRODUCTION The most common and widespread health risk

Persistence of pathogens in water has been of great directly or indirectly, by human or animal excreta,
concern. Both pathogenic and non-pathogenic bacteria particularly faeces. The risk of exposure of humans to
possess varying  abilities  to  multiply  and persist in water pathogens however depends on various important
water. However, as our understanding of microbial factors including the survival of potential pathogens in
contamination and their detection has improved, water [14].
scientists have found that a wide range of This  study  was  designed  to  compare  the
microorganisms, including   viruses,  protozoa   and persistence of the selected bacteria in bottled, ground,
bacteria, may persist in "potable" or so-called "safe" chlorinated (tap) and surface water at room temperature,
drinking  water  [1]. Several studies have implicated on exposure to sunlight and during refrigeration in the
bottled  water,  underground water, surface water and presence and absence of indigenous microflora and to
even tap (chlorinated) water in supporting the  survival assess their recovery on selective and non-selective
of bacterial pathogens [2-5]. media.

Safety and quality of drinking water is always an
important public health concern [6, 7] as contaminated MATERIALS AND METHODS
drinking water has been frequently found associated with
transmission of diseases, thereby, causing serious illness Bacterial Strains: Bacterial strains used in the study
and mortality throughout the world [8-11]. Sixteen percent were collected from Environmental Microbiology research
(16%) of deaths in Nigeria are caused by diarrhoea [12]. laboratory of the Department of Microbiology, University
Approximately 2000 children die per day from diarrhoea of Ibadan and the Nigerian Institute of Medical Research
due to unsafe water and poor sanitation [13]. (NIMR), Yaba, Lagos.

associated with drinking-water is contamination, either
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Water Samples: was exposed to sunlight. This last storage unit was
Four Types of Water Were Used: designed to mimic the display of bottled water at shop

A Nigerian brand of bottled water purchased within months until they are eventually sold. The samples were
two weeks of production in 75ml PET (Polyethylene stored under these conditionsfor three months.
terephthalate) bottles. Uninoculatedbottles  were also included  in  the
Freshly pumped borehole water was collected via a study as control for each water type under each storage
tap at the Department of Microbiology, University of condition.
Ibadan.
Freshly produced chlorinated water was collected Determination     of        Persistence     of     Pathogens:
according to the American Public Health Association The  persistence  of  the  inoculated pathogens in the
protocols for sampling tap water [15] from the Water water samples was  monitored  by  Plate count method.
Treatment Plant operated by the Works Department One ml  of  each  sample  was  serially diluted and plated
of  the  University  of Ibadan for water supplies out immediately after inoculation of pathogens to
within the University. determine microbial load at 0-hour. This was done by first
Surface water was collected from the Awba Dam, inoculating into 9ml of recovery diluent (buffered peptone
University of Ibadan. water) and then plating out on appropriate selective

Initial Analysis of Water Samples: The physicochemical determined  at   14-day  intervals  for up  to  90  days
quality of the water was determined [15] and the following (three months).
parameters were determined: pH, acidity, alkalinity, total Selective media employed included Eosin Methylene
hardness (TH), calcium (Ca), magnesium (Mg), total Blue (EMB) agar (LabM) which  was  used  to enumerate
organic carbon (TOC), total dissolved solids (TDS), total E. coli andBismuth Sulfite Agar (BSA-Biomark) for
suspended solids (TSS), free chlorine (FC), dissolved Salmonella and Shigellaspecies.
oxygen (DO), turbidity and conductivity. The effects of autochthonous bacteria on the die-off

The microbiological quality  of  the water samples of inoculated pathogens was evaluated by comparing the
were ascertained through the most probable number persistence of  pathogens  in the non-sterilized (raw)
(MPN)    technique       using        MacConkey      broth. water to that in the sterilized water as described by
The heterotrophic total bacteria  count  was determined Ramalho et al. [16]. Enumeration of autochthonous flora
by plate count of each water sample on Standard Plate was carried out by plating out 1ml of appropriate dilutions
Count Agar (PCA) [2] and the absence of the test on standard plate count agar at 14-day intervals.
organisms in the water samples was determined by plating The efficiency of the use of selective media in
on the individual selective media to be usedfor survival recovery of the test pathogens from inoculated sterile
enumeration [16]. Incubationwas carried  out  at 37°C for waters was also evaluated by comparing plate counts on
48 hours. non-selective media and selective media. Standard Plate

Inoculation of Water Samples and Storage: Exactly 50ml All plates were incubated at 37°C for 48hrs.
of the fourwater types were dispensed into heat stable
100ml glass bottles  (2.78mm  thick). One set of all the Statistical Analysis: All bacterial counts were
water types was  sterilized  and the other  unsterilized. transformed to log of the values. Data was analysed with
Each bottle was inoculated with E. coli, Salmonellaand theASSISTAT statistical software [17] using two-way
Shigellasingly at a starting inoculum size of 10 ml ANOVA. Mean separation was carried out using Tukey’s6 1

respectively. All experimental setup was done in three method at 95% (0.05) confidence level.
replicates.

The first two sets of glass bottles containing RESULTS AND DISCUSSION
inoculated  sterilized   and  unsterilized  water samples
were  stored   at    25+1°C   and   2-4°C  respectively. The results from this study demonstrated that
These temperatures were chosen because  they  represent pathogenic bacteria survived best in natural
the temperatures at which drinking water is stored by (underground and  surface)  watersthan  in  treated
most consumers in their homes and offices and in (bottled and chlorinated) water. The longest period of
refrigerators by most retail outlets. The third set of bottles persistence   was   recorded   for   E .  coli   (42   days)  and

windows through which sunlight penetrates for several

media.The persistenceof the bacteria was subsequently

Count Agar (PCA-LabM) was used asnon-selective agar.
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Fig. 1: Persistence of indigenous bacteria (HPC) and bacteria inoculated into sterilized and unsterilized surface
waterstored under different conditions (a-c).
(KEY: SW= sterilized water, NSW= unsterilized water, HPC= heterotrophic plate count)

Fig. 2: Persistence of indigenous bacteria (HPC) and bacteria inoculated into sterilized and unsterilized underground
waterstored under different conditions (a-c).
(KEY: SW= sterilized water, NSW= unsterilized water, HPC= heterotrophic plate count)
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Fig. 3: Persistence of indigenous bacteria (HPC) and bacteria inoculated into sterilized and unsterilized chlorinated
waterstored under different conditions (a-c).
(KEY: SW= sterilized water, NSW= unsterilized water, HPC= heterotrophic plate count)

Shigella (56 days) in sterilized surface water stored at This indicated that they were psychrotrophic as
room temperature (Fig. 1a) and partially exposed to suggested by Leclerc [18].
sunlight (Fig. 1b) respectively. Salmonella on the other The short  survival  period  (42 days) and low
hand persisted in sterilized underground water at room recovery (12.2%) of E. coli in comparison to that of the
temperaturefor up to 84 days (Fig. 2a). Shigellawas the other pathogens in sterilized water corresponds to the
least recovered from all the water samples and was not observation of Wang and Doyle [19] who reported that
recovered at all from sterilized chlorinated water. regardless of water source, E. coli populations will

Autochthonous organisms had a significant impact decrease below detectable levels within 49-84
on the persistence of all the test pathogens introduced days.Baudišová [20] observed that E. coli may survive for
into unsterilized water samples by adversely affecting months in sterilized river water than in unsterilized river
their survival. Clearly, all test pathogens survived better water. This has been of great concern over decades and
in sterilized water than in unsterilized water. Indigenous has cast doubts on the suitability of E. coli as an
microflora or heterotrophic plate count (HPC) of bacteria indicator organism [21, 22] and it is further validated by
in the unsterilized water generally increased within the the observations made in this experiment.Percival et al.
first two weeks for the different water types except in [23] stated that the absence of coliforms and E. coli from
bottled water from which culturable levels of HPC were treated drinking water should not be relied upon as
first observed on day 28 at room temperature (Fig. 4a). adequate   assurance    that     Salmonella    is   absent.
HPC was almost constant in the water samples and The persistence of Salmonella  for  up to 56 and 84 days
decreased gradually with time probably as a result of in chlorinated  (tap)  water  (Fig.  3a) and surface water
nutrient depletion. However, in most experimental units, (Fig. 1a)  respectively  at  room temperature with up to
there was an increase in the population of the 24%  of  the original inoculum still culturable was
autochthonous organisms with a simultaneous decrease indicative  of  its  ability  to  persist  in  water  for  long
in pathogen levels. Furthermore, HPC bacteria survived periods  as  stated  by WHO [24] and in agreement with
under all the storage conditions, though, the warmer the findings of Le Minor  [25]  that  Salmonella  can
temperatures seemed more suitable for their survival in survive several weeks in water if conditions of
water, they persisted equally well in water stored at 2-4°C. temperature  and  pH  are  favourable. Albashan [26] also
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Fig. 4: Persistence of indigenous bacteria (HPC) and bacteria inoculated into sterilized and unsterilized bottled
waterstored under different conditions (a-c).
(KEY: SW= sterilized water, NSW= unsterilized water, HPC= heterotrophic plate count)

made it clear that Salmonella exhibits certain acid
tolerance responses (ATRs) that aid its survival in acidic
environments.

The inability to obtain culturableShigellacells from
sterilized chlorinated water (Figs. 3a-c) may be attributed
to its inactivation as a result of chlorination coupled with
the acidic pH (5.60) of the water sample. This corresponds
with WHO [24] classification of Shigellaas a pathogen
with short persistence ability and low resistance to
chlorine. Percival et al. [23] also stated that Shigellae do
not  survive at acid pH. However, Talayeva [27] found
that Shigella survived up to 21 days in clean river water
at 19-24°C and up to 44 and 47 days in sterilized tap and
river  water  respectively. The  persistence  of  Shigellaf
or up to 56 daysin sterilized surface water (Fig 1b) in
bottles exposed to sunlight in this study could be as a
result of high total dissolved solids (TDS) and total
organic carbon (TOC) observed to be present in the
sample (Table 1).  It  is  also  quite  important and worthy
of note that in this particular experimental unit,
Shigellasurvived longer than E. coli, which is an
indicator organism, by up to 14 days. The only
explanation for this may be the possibility that the much
warmer temperatures (28-36°C) were more favourable for
survival  and  possible multiplication [28]  of Shigella
than  for  E.  coli.  E.  coli  and  other  enterics  have  been

Table 1:Physicochemical Parameters of Water Samples

Parameter Bottled Borehole Chlorinated Surface

pH 6.30 6.20 5.60 7.80
Acidity 7.03 11.3 23.5 8.43
Alkalinity (mgCaCO /L) 89.3 110 98.4 99.63

Total Hardness (mgCaCO /L) 56.8 82.1 52.1 68.43

Calcium (mg/L) 22.0 31.7 19.2 26.3
Magnesium (mg/L) 1.74 2.58 2.81 1.17
Total Organic Carbon 
(TOC) (mg/L) 0.38 2.22 1.84 2.39
Total Dissolved Solids 
(TDS) (mg/L) 130 170 160 174
Total Suspended solids 
(TSS) (mg/L) 130 380 270 930
Free Chlorine (mg/L) Nd 0.37 0.21 Nd
Dissolved oxygen (mg/L) 6.94 5.03 5.15 6.39
Turbidity (FTU) Nd 0.36 0.94 8.36
Conductivity ( hos/cm) 262 235 239 302

FTU = Furan Transforming Unit; Nd = Non detectable

observed to survive in water and even multiply though,
with higher generation times at 18-25°C than at higher
temperatures above 30°C [18].

The presence of culturable levels of HPC in bottled
water samples after 28 days of storage corresponds
withLiee’sobservation [29] of high HPC within days of
purchasing bottled water. Similarly, HPC concentrations
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Fig. 5: Comparison of plate counts from the use of selective and non-selective media for enumeration of bacteria
inoculated into sterilized water stored at 25°C.
KEY: A=bottled water, B= underground water, C= Chlorinated tap water, D= Surface water; X= Room temperature,
S= Sterilized; 1= E. coli, 2= Salmonella species, 3= Shigellaspecies.

ranging from 2-150ml  drinking water were observed accurate estimation of pathogen population in sterile1

byOyedeji et al. [30] within few days of purchase of water than selective media. This is in agreement with
common bottled water brands in Ibadan and Ile-Ife cities, studies carried out byRamalho et al. [16].
Nigeria. The  negative  effect off Autochonous bacteria The lack of significant differences or little variation
on the survival of inoculated pathogens could be observed between persistence of the test pathogens in
attributed to competitive advantage of the indigenous water stored at room temperature and those exposed to
microflora for the sparsely available nutrients over the sunlight may be attributed to the climatic condition at the
introduced  bacteria  (allochthonous organisms) which time of the experimental set up which was at the onset of
had to adapt to the new environment thus, demonstrating the rainy season (April). Thus, the importance of full
the natural ‘survival of the fittest’ phenomenon in favour consideration of factors such as climate or seasonal
of the indigenous microflora. changes, cloud cover, sunlight intensity, length of

The inability to recover viable cells of the test exposure and clarity of water among others in the
bacteria by culture based methods over time during treatment of water  by  exposure to sunlight cannot be
storage under  the  various  conditions as demonstrated over emphasized [33].
by   the   absence   of   colony-forming   units  during An overall reduction in mean values of plate counts
plate counts   could   be   due   to   the    transition   of was observed for all the pathogens in the different water
the  bacteria  into  the  ‘viable  but  non-culturable’ samples under all the storage conditions with time, it can
(VBNC)  state  which may be triggered when the be deduced that allochthonousenteric bacteria
pathogens are stressed by environmental  factors or (contaminants) will eventually die-off in stored water.
starved [31].  Camper et  al.  [32]  established   that Bacterial persistence in chlorinated tap water and
though  pathogens  may  survive  in low-nutrient bottled water for up to 42 days as shown by these
environments  by   producing  several  starvation resultsconfirmed that though, natural waters are more
proteins,  this  is  usually  not adequate for long-term capable  of  supporting pathogen  survival  considering
survival. The VBNC state has been demonstrated for the presence of organic materials, treated and bottled
Salmonella enteritidis, Shigella, Vibrio cholerae and water may be just as capable of supporting pathogen
enteropathogenicE. coli [18]. survival because of the low concentration of HPC bacteria

Efforts made to recover pathogens from sterilized present and as such, little or no competition against
water by culturing on non-selective media in order to contaminating pathogens.
achieve a more accurate estimation of survival proved Ultimately,  given  the  level of importance attached
useful as  more  viable  cells were recovered from the to water quality and safe water including microbial risk
stored water than  when  cultured on selective media. assessment of ‘unsafe’ water as considered in this study,
Thus, indicating that non-selective media gives a more there   is   still   a   high   risk   involved   in   contacting  a
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water-borne  disease  from contaminated  water   even   90 8. Kokkinakis,     E.N.,      G.A.      Fragkiadakis    and
days after contamination has occurred. Though, the
results obtained from this study showed that pathogens
will eventually die-off in stored water, contamination of
drinking water is still a major challenge considering the
risks involved.
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