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ABSTRACT 
 
In the present study, bacteriological qualityof 448 different mineral water bottle 
brands marketed in Riyadh w a s  analyzed from July, 2013 t o January, 2014. All 
the collected samples were analyzed for the presence of total coliform bacteria, 
Escherichia coli bacteria and Pseudomonas aeruginosa. 24(5%) of these samples 
were contaminated with pseudomonas spp and 4 ( 0 . 8 % )  contaminated with E. 
coli. The presence of pseudomonas spp and total coliform and E. coli bacteria in 
drinking water suggests the possible presence of pathogenic enteric micro-
organisms, thus, rendering the water unsafe for drinking. The data presented here 
clearly raised the concerns regarding the quality of drinking mineral water and 
highlights the danger posed to public health. 
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INTRODUCTION 
 
Safe and hygienic water is nowadays of great concern to 
consumers. This is due to the risk of waterborne disease 
like cholera, diarrhea, typhoid transmission (Mavridou, 
1992). Consequently, the demand for bottled water has 
tremendously increased in recent years along with the 
necessary measures for its quality (Venieri et al., 2006). 
Samadi et al. (2009) reported an annual consumption of 
1.3 × 1011 L of bottled water worldwide.  

In the last decade in North America the consumption of 
bottled water increased by 25% (Bharath et al., 2003). 
Bottled water may contain strains of micro-organism that 
already exist in their source, that is, spring and bore wells 
(Warburton, 1993). Coliform bacteria, E. coli or 
Pseudomonas are the most common microbiological agents 
in bottled water that greatly affect public health. Infants, 
children, elderly people and immuno-compromised people 
especially are at high risk of waterborne diseases due to 
such micro-organism ingestionevenif at low infective 
doses (WHO, 2005).  

Moreover, Pseudomonas aeruginosa is a drug resistant 
bacterium that can transfer its drug resistant genesto other 
bacteria in the human body (Salvatore et al., 1995). Victoria 
and Galvan (2001) reported cases of gastroenteritis in 

children from Mexico as a result of water contamination by 
Escherichia coli and Pseudomonas. Detection of E. coli in 
water is linked to recent fecal pollution and thus, its 
presence is an indicator for such pollution (Victoria and 
Galvan, 2001). Pseudomonas is an opportunistic bacterium 
that can induce infection for immune-compromised 
patients who suffer open wounds, soft tissue or respiratory 
system infections (Zamberlan et al., 2008) and hence, its 
presence is unacceptable (Romling et al., 1994). 

The Saudi Arabian Standards Organization (SASO) has set 
standards for bottled water quality based upon the WHO 
measures (WHO, 1971; SASO, 1984). Regarding 
microbiological contamination, the WHO has recommended 
that potable water should be devoid of Coliform bacteria, 
fecal coliform (E. coli, entrococci and P. aeruginosa) and 
contain less than 20 CFU/ml heterotrophic bacteria count 
(Romling et al., 1994). Al-Zahrani and El-Hamshary (2013) 
detected Staphylococcus aureus and P. aeruginosa in bottled 
water in Jeddah, while Al et al. (2013) reported the same 
for bottled water from Riyadh. 

The main objectives of the current study are to analyze 
the bacteriological quality and bacterial contamination of 
bottled drinking water from Riyadh markets and to check 
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their compliance with the standard. Also, the effect of 
storage and other factors like temperature, light and 
temperature upon bottled water samples was also 
investigated.  
 
 
MATERIALS AND METHODS 
 
Sample collection and storage 
 
A total of 448 bottled water samples from seven brands 
commonly sold in Saudi Arabia were bought from retail 
outlets from North Riyadh, Saudi Arabia. The samples 
were of 330 and 600 ml and 20.0 L bottles and 125 and 
250 ml cups respectively. Samples were labeled using 
alphabet letters instead of brand names for commercial 
considerations. The samples were stored from 24th July, 
2013 up to 24th February, 2014 in four rooms under 
different conditions: 
 
1) The first room (L1) is an air conditioned chamber in 
which the temperature was fixed to 24°C without any 
access to sunlight; 
2) The second room (L2) was a closed chamber with 
neither air conditioning nor sunlight; 
3) The third room (L3) was an open top chamber exposed 
to direct sunlight without air conditioning; 
4) The fourth room (L4) was semi-open chamber in which 
the sunlight partially penetrates to the samples.  
 
 
Bacterial analysis 
 
For enumeration of heterotrophic bacteria, the pour plate 
methods were employed (Martin et al., 2004). 1.0 ml of 
bottled water sample was mixed with melted plate count 
agar. Two plates were prepared for each sample where 
one plate was incubated aerobically at 37°C for 24 h and 
the other at 22°C for 72 h. Colonies were then counted as 
CFU/ml. 

The Multiple Tube Fermentation (MTF) technique is 
useful in determining the fecal coliform density in most 
water, solid or semisolid samples. The technique is based 
on the most probable number (MPN) of bacteria present in 
a sample which produce gas in a series of fermentation 
tubes with various volumes of diluted sample. The MPN is 
obtained from charts based on statistical studies of known 
concentrations of bacteria. About1.0 ml sample from each 
dilution was taken to inoculate three series of three test 
tubes containing MacConkey broth (company) containing 
litmus indicator in double and normal slant concentration 
with Durham's tubes dilutions first incubated in lauryl 
(sulfonate) tryptose broth at 37°C for 24 to 48 hto 
determine total coilform. Positive samples were then 
transferred to EC broth and incubated at 44°C for an 
additional 24 h to determine E. coli. Positive samples from 

this second incubation were used to statistically determine 
the MPN from the appropriate reference chart. P. 
aeruginosa was cultured in blood agar plate where 1.0 ml 
was added and then incubated at 37°C for 24 h. The 
presence of P.aeruginosa was confirmed by oxidase test 
where the appearance of a dark purple color indicated a 
positive reaction.    
 
 
RESULTS AND DISCUSSION 
 
Riyadh city is a highly urbanized area of Saudi Arabia 
where approximately 200 brands of bottled water are 
marketed. To the best of our knowledge, very few studies 
have been conducted to analyze the quality of bottled 
mineral water from Riyadh (Al et al., 2013; Abd and 
Alwakeel, 2007). 

Therefore, this study was undertaken to analyze the 
bacteriological quality of bottled water from markets and 
to check their compliance with the standards. According to 
the guidelines of national and international 
recommendations, all the specimens were checked for the 
following parameters: presenceof total coliform bacteria, 
fecal coliforms, E. coli and P. aeruginosa. 

Heterotrophic bacteria are usually present in water 
along with food, soil and air as they consume organic 
nutrients for their growth (Martin et al., 2004). Table 1 
shows that the samples have HPC less than 20 under both 
22 and 37°C indicating that all water samples comply with 
the Saudi and WHO set standards that restrict HPC of less 
than 20. Similar studies were carried out by Tsai and Yu 
(1997) in Taiwan where 51.1% of domestic and 60.4% of 
imported exceeded 200 CFU/ml HPC/ml level. While in 
Fiji, Zeenat et al. (2009) found that 28 to 68% of samples 
analyzed were not complying with HPC standards. 
Zamberlan et al. (2008) reported 87% of the bottled water 
analyzed to contain more than 500 CFU/ml HPC limit set 
by Brazilian quality standards. Their justification to such 
high value was the ineffectiveness of disinfection process 
to eliminate such bacteria. Many authors attributed the 
high level of HPC either to the presence of bacteria in the 
water source or contamination during bottling processes 
(Sticker, 1989; Kassenga, 2007). It can be concluded that 
all samples analyzed in this work are likely to have non-
contaminated sources and /or proper bottling processes. 

The results in Figure 1a and Table 1 indicates that no P. 
aeruginosa growth was observed in L1 during all of the 
storage time. On the other hand, P. aeruginosa started to 
grow in a detectable quantity in the third month into water 
samples in other chambers. The percentage of bottles 
becoming contaminated by P. aeruginosa ranged between 
4.69 (3/64) and 9.38% (6/64) respectively. In L1, there 
was no Pseudomonas detected as the bottles were stored in 
air-conditioned room with low temperature unfavorable 
for bacterial growth. The conditions in the other rooms 
were conducive for bacterial growth by providing warmth 
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Table 1: Pseudomonas and E. Coli growth at the different conditions rooms 
 

Local 
Pseudomonas 

 

E. coli 

L1 L2 L3 L4 L1 L2 L3 L4 

Month 1 0 0 0 0 0 0 0 0 

Month 2 0 0 0 0 0 0 0 0 

Month 3 0 3 3 3 0 0 0 0 

Month 4 0 3 5 3 0 0 2 1 

Month 5 0 5 5 4 0 0 2 1 

Month 6 0 5 5 5 0 0 2 1 

Month 7 0 6 6 5 0 0 2 1 

 
 
 

 
 

Figure 1. 1a) Bacterial growth  in blood agar; b) Bacterial growth in MacConkey. 
 
 
 

and light. Many factors such as available oxygen, rise in 
temperature and nutrients degrading from bottles led to 
bacterial growth in bottled water (Warburton and Konkle, 
1992). 

Bacteria can grow to the extent of affecting human 
health due to storage of bottled water (Warburton, 2000). 
Al-Zahrani and M El-Hamshary (2013) reported 3.9% P. 
aeruginosa contamination in bottled water from Jeddah, 
Saudi Arabia. They attributed the presence of bacteria to 
the colonization of bottling plant equipment or disinfecting 
detergents that may be organic nutrients. 

Coliform organisms are used as water quality indicator 
due to the ease of their detection and enumeration (WHO, 
2005).Their presence is a clue to pathogen presence in 
water as well as, an indicator for inadequacy of water 
treatment process and/or distribution system 
contamination. From the data presented in Figure 1b and 
Table 1, no E. coliwas detected during the first three 
months in all of the storage room. During the fourth 
month, 1 and 2 samples out of 64 developed E. coli in 
storage chambers of L4 and L3 respectively giving 1.56 
and 3.13% contamination in the same sequence.Values of 
1.2 and 4.0% bottled water contamination were reported 
by Warburton and Konkle (1992) and Richard et al. (1994) 
respectively. Zamberlan et al. (2008) reported less 
contamination of municipal tap water as compared to 

bottled water. This finding supports the hypothesis that 
contamination taking place during the bottling process can 
lead to bacterial growth especially if water is stored under 
inappropriate conditions.  

Contamination can be from the source of water subject 
to human interaction. Zabed et al. (2014) reported positive 
correlation between total coilform, fecal coliform and E. 
coliwith the mass bathing, while Hong and Liang (2010) 
measured higher population of coliform bacteria in urban 
and industrial areas compared to remote areas. Venieri et 
al. (2006) reported 11% total coliform and 1% E. coli in 
bottled water marketed in Greece whereas, 5.2 and 1.5% 
of total coliform and E. colirespectively were detected in 
bottled water from Trinidad (Bharath et al., 2003). High 
percentage up to 40% contaminated bottled water was 
found in Brazil (American Public Health Association, 
2005). At the bright side, some studies were carried out in 
Taiwan (Tsai and Yu, 1997) and Greece (Kokkinkis et al., 
2009). 

Physicochemical properties of water were found to 
affect the growth and death of bacteria. For example, 
bacteria cannot survive at high pH (Curtis et al., 1992) but 
can have considerable growth in the presence of total 
suspended solids to which bacteria can absorb and avoid 
environmental factors such as UV-light and toxicity of 
dissolved metals (Davies et al., 1995; An et al., 2002). 
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In all sample studied, the pH range between 7.0 and 8.0 
was optimum for bacterial growth. Moreover, the 
conductivity (data not included) was found to increase 
with storage time from 220 to 290 uS. This observation 
may indicate a release of ions from the PET bottle such as 
Sb used as a catalyst for PET polymerization. Such process 
will be accompanied with disintegration of the wall of 
water bottle and availing organic nutrients on which 
bacteria feed and grow. These two factors may contribute 
to the bacterial growth observed as storage time increases. 
It can be seen that the storage of water bottles for 
extended intervals can lead to contamination with 
bacteria. In a similar study, the storage of bottled water for 
months facilitated the proliferation of micro-organisms 
(Leclerc and Moreau, 2002). 
 
 
Conclusions 
 
Bottled water microbial analysis was performed under 
different environmental conditions and time interval. The 
bottled water was found to comply with the standards set 
for drinking water quality. The results obtained indicated 
that under normal low temperature the samples didnot get 
contaminated with bacteria,while rise in temperature and 
light led to a considerable bacterial growth. As a result, the 
study recommends that bottled water should be kept at 
low temperature, away from sunlight and consumed 
within three months from bottling date.  
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