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Abstract 

Background: Water plays an indispensable role in promoting public health. Even though the quality of piped 

drinking-water is getting better and better, the majority of the world population tend to consume different bottled water 

brands due to the assumption that bottled waters are safer and healthier than tap water. 

Objectives: The aim of the study was to check whether the bottled water brands sold in Addis Ababa are 

bacteriologically safe for consumption.  

Methods: Samples of 11 domestic and 2 imported bottled water brands (N = 325) were randomly purchased from 

retail stores and supermarkets in Addis Ababa on  five different occasions and analyzed for heterotrophic organisms, 

thermos-tolerant coliforms, Intestinal enterococci, Aeromonas species, and Pseudomonas species between July 2013 

and May 2014.  

Results: According to the findings, heterotrophic organisms were detected in all brands, but 66.2% of all samples. The 

rest 33.8% of the samples (60% imported and 29% of domestic brands, by using Fisher’s exact test, P > 0.05) were 

found to be free of heterotrophic organisms. And yet, 83.1% of all the samples assumed to be safe for human 

consumption (< 100 colony forming units). Similarly, Pseudomonas spp., Aeromonas spp., and Intestinal enterococci 

were detected from 75.4%, 21.5%, and 3% of samples respectively. But no thermo-tolerant coliforms were detected.  

Conclusions: The presence of heterotrophic organisms and Pseudomonas species in the majority of the samples 

implied that some bottling companies might have faulty water treatment or packaging practices. Thus, preventive and 

corrective actions may need to be taken in order to improve on the purity of the water. [Ethiop. J. Health Dev.  

2014;28(3):178-184] 

 

Introduction 
It has long been known that water plays an important role 

in the transmission of infectious microorganism to 

humans (1). The understanding of the public about the 

dangers of waterborne diseases, in particular during 

travel has led to an increased demand for bottled drinking 

water. This escalated demand may be due to their 

convenient packaging, ease of access, and better taste 

than tap water (2). However, the main reason rests on the 

assumption that bottled water is safer and healthier for 

consumption than piped water (3). Even then, bottled 

water (especially the so-called natural water) is not sterile 

and may contain naturally occurring microorganisms as 

well as those introduced during manufacturing and 

packaging processes (4). 

 

Potentially pathogenic organisms, even strict pathogens 

could be found in bottled water products. Most notably, 

the cholera epidemic of 1974 in Portugal (5), an outbreak 

of Pseudomonas aeruginosa infections in Germany (6), 

and detection of Staphyclococus aureus in water 

processed and bottled in Zimbabwe (7) can rightly be 

considered as primary cases in point about the risk of 

transmission of dangerous pathogenic organisms to 

consumers through bottled water. 

 

Apart from the above-mentioned examples, water quality 

indicator organisms were often observed. A 

microbiological assessment done in Zimbabwe reported 

that 6.7%, 6.7% and 11.7% of the bottled water samples 

contained heterotrophic organisms, Pseudomonas spp. 

and coliform bacteria respectively above the limits 

recommended by the WHO (7). A similar study in Spain 

(8) found considerable number of heterotrophic 

organisms in mineral water samples. Even more alarming 

finding from Trinidad showed that 5.2% of the tested 

samples contained coliforms and nearly 1.5% had E. coli 

(9). Another study from Greece again detected species of 

Pseudomonas, Aeromonas, and Intestinal enterococcus 

from bottled water samples (10). In addition, a research 

conducted in Tanzania revealed that heterotrophic 

bacteria were present in 92%, total coliform from 4.6% 

and fecal coliform bacteria from 3.6% of bottled water 

samples analyzed (11). A similar study from Egypt also 

found out that about 54.8% of analyzed samples were 

below the acceptable national standards (12). 

 

In the midst of all this, however, it is being witnessed that 

the market demand and the profit from this business is 

becoming so overwhelming that the number of bottling 

companies is increasing steadily all over the world (2, 4) 

including in developing countries like Ethiopia (13), and 

this trend is likely to continue. Although, there are no 

confirmed health outcomes from consumption of bottled 

water in Ethiopia, it is sensible to be skeptical about the 

microbiological quality of these products. The studies 

conducted about the quality of drinking water, especially 

bottled products, are rather few and limited in scope (14). 

Hence, the importance of this study can be amplified due 

to an extensive distribution of bottled waters in the 
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country especially in urban centers. Over and above this, 

bottled water products are being consumed by a wide 

range of the population including the immune-

compromised groups. The present study was conducted 

to evaluate the bacteriological quality of the most widely 

distributed bottled water brands in Addis Ababa, 

Ethiopia, by giving special attention to indicator 

organisms, particularly thermo-tolerant coliforms and 

Intestinal enterococci, as well as organisms that show the 

general cleanliness of the production process such as 

heterotrophic organisms, Pseudomonas and Aeromonas 

species. 

 

Methods  

Study Design:  

A cross-sectional study was conducted within a time 

frame of about 11 months (between July 2013 and May 

2014). 

 

Study Area:  

Samples of different bottled water brands were collected 

on five different occasions in Addis Ababa and tested for 

their microbial quality. 

 

Sample Collection and Handling:  

Five bottles of water from 13 widely available and sold 

bottled water brands were collected (A, B, C, D, E, F, G, 

H, I, J, K, L, and M) randomly from retail stores and 

supermarkets at five different occasions and analyzed 

within 24hours for their microbiological quality in the 

Public Health Microbiology Laboratory of the Ethiopian 

Public Health Institute. From 13 brands included in the 

study, 11 of them were produced and bottled in Ethiopia 

and the other two were imported brands, specifically 

from Europe. To neutralize the bottle/volume effect, 

500mL bottles were purchased. For the sake of 

comparison, 25 tap water samples were collected from 

different locations in Addis Ababa in accordance with the 

ISO Guidelines (15) and a similar laboratory procedure 

was followed for bottled water samples. 

 

Sampling:  

Each time five bottles (of the same batch of production) 

of water from each brand were drawn from the 

refrigerator and made ready for analysis as a single 

sample. Each bottle was thoroughly mixed by inverting 

up and down to have an even distribution of 

microorganisms, and then equal volume (20mL) of water 

from each bottle of water was taken and mixed together 

in a sterile bottle to have a composite sample of 100mL. 

Such a composite sample was then marked for 

identification, and run as a single composite sample. As a 

result, a total 65 composite samples (325 bottles from 13 

brands) were incorporated in the study. 

 

 

Laboratory Procedures and Analysis:  

Laboratory tests were done for heterotrophic bacteria,  

thermos-tolerant coliforms, Intestinal enterococci, 

Pseudomonas spp., and Aeromonas spp. for all bottled 

and tap water samples. These organisms were chosen for 

this assessment as they are being used as indicators of 

water quality deterioration and contamination from 

domestic wastes. Specifically, the presence of thermo-

tolerant coliforms and Intestinal enterococci has been 

used as indicators of fecal contamination. They may even 

indicate the presence of microbial pathogens (16). 

 

With the exception of heterotrophic organisms – which 

were enumerated through pour plate techniques from 

1mL of water sample – we used membrane filtration 

(MF) procedures to detect and count thermo-tolerant 

coliforms, Intestinal enterococci, Aeromonas spp., and 

Pseudomonas spp. from 100mL of water samples. This 

method is being considered as the most accurate, less 

labor-intensive, and widely used method for quantitative 

studies in bottled water microbiology (17). We did this 

by pumping 100mL composite sample of each brand 

through membrane filters, and then by putting under 

appropriate media and temperature. Filtration of samples 

was performed by nitrocellulose membranes (0.45μm 
pore size, 47mm diameter, Pall–Gelman Laboratory) (18-

20). 

 

Heterotrophic bacteria: According to WHO, there is no 

single universally dominant method for enumeration of 

heterotrophic bacteria (1). For this particular study, 

however, pour plate technique using nutrient agar at 

incubation temperature of 35-37°C for 48hours was used. 

Pour plates were prepared by mixing 1mL of water 

sample with nutrient agar (at a temperature of 

45.0±1.0°C), in Petri dishes. Following incubation under 

the conditions specified, the number of colonies that 

grew on the medium were counted (17-18). 

 

Thermo-tolerant coliforms and intestinal enterococci: 

The investigation of thermo-tolerant coliforms was done 

on 100mL samples of water. The procedure used for this 

specific assessment was membrane filtration followed by 

incubation of the membranes on selective medium 

(Tryptone Bile X-Glucuronide) at 44–45°C and then 

enumeration of colonies after 24hours. Similarly, 

Intestinal enterococci were isolated by plating the 

membranes on Slanetz and Bartley medium and 

incubating at 37°C for 48 hours. The isolated organisms 

were confirmed by transferring the membranes onto Bile-

Aesculin-Azide agar, and preheated at 44°C (1, 17, and 

19). 

 

Pseudomonas and Aeromonas species: For 

Pseudomonas species, 100mL composite samples from 

each brand were filtered through membrane filters and 

then placed on a solid medium containing magnesium 

chloride and potassium sulfate to enhance pigment 

production. The medium was made selective by the 

addition of cetyl trimethyl-ammonium bromide and 
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nalidixic acid. After 48 hours of incubation at 37°C, 

Pseudomonas spp. showed their characteristic blue-green 

colored colonies when available. In the case of 

Aeromonas species, the medium used was Aeromonas 

agar and incubated at 37°C for 24 hours. The growth of 

these microbes was heralded by their distinctive 

yellowish green colonies (20). 

 

Statistical Analysis:  

The results obtained from the laboratory analysis were 

evaluated and summarized by a combination of 

descriptive and inferential statistical methods. Frequency 

distribution tables were prepared when appropriate and 

one-sample t-test was performed to check whether the 

mean heterotrophic plate counts (HPC) observed form 

each brand were significantly different from the reference 

value of 100 colony forming units (cfu) per mL of 

drinking water set by the Ethiopian Standards and the 

WHO. Moreover, Fisher's exact tests were performed 

using MINITAB
®
15 to determine whether statistically 

significant differences existed between the microbial 

counts of domestic and imported brands. The 

microbiological results obtained from this assessment 

were also compared with the Ethiopian Standards, the 

WHO guidelines and findings of other studies (1). For all 

statistical tests, P-value of < 0.05 was considered 

statistically significant. 

 

Results 

In this study 65 composite samples (N = 325 bottles) of  

11 domestic and 2 imported bottled water brands were 

analyzed between July 2013 and May 2014. 

 

Heterotrophic Organisms:  
The outcomes of the investigation showed that 

heterotrophic organisms were detected from all the 

sampled brands, but only from 66.2% of the samples. In 

comparison, 60% of samples of imported and 29% of 

domestic brands were free of heterotrophic organisms. 

Likewise, 83.1% of samples (90% of imported and 

81.8% of domestic brands) showed less than 100 colony 

forming units (cfu) per mL (Table 1 and 2). As for the 

density of colonies grown from the analyzed samples, 

great differences between brands and also between 

samples of the same brand were observed. The colony 

forming units counted from samples ranged from zero to 

too many to count (TMTC) per mL (Table 3). Tap water 

samples, on the other hand, contained lower than 10cfu 

per ml for all samples (Table 1). 

 

Thermo-tolerant Coliforms and Intestinal Entrococci:  
It can be reported auspiciously that colonies of thermo-

tolerant coliforms were not observed from all 65 samples 

of all domestic and imported brands. The tap water 

samples were also found to be free of these organisms. 

But in this assessment, Intestinal enterococci were 

detected in one of the thirteen brands (Brand F), but only 

from 3% of all samples (Table 1). 

 
Table 1: The number (%) of samples from each brand which different microbes detected  

Brand 
Code 

Microorganisms detected in bottled water samples from each brand, number (%)  

Heterotrophic bacteria  
(>100cfu per ml) 

Thermo-tolerant 
coliforms  
per 100 ml 

Enterococci  
per 100 ml 

Pseudomonas   
species  
per 100 ml 

Aeromonas   
species per 100 ml 

A 0 (0) 0 (0) 0 (0) 4 (80) 1 (20) 

B 1 (20) 0 (0) 0 (0) 4 (80) 2 (40) 

C 1 (20) 0 (0) 0 (0) 4 (80) 2 (40) 

D 1 (20) 0 (0) 0 (0) 3 (60) 1 (20) 

E 2 (40) 0 (0) 0 (0) 4 (80) 2 (40) 

F 3 (60) 0 (0) 2 (40) 4 (80) 2 (40) 

G 1 (20) 0 (0) 0 (0) 4 (80) 0 (0) 
H 0 (0) 0 (0) 0 (0) 3 (60) 0 (0) 
I 0 (0) 0 (0) 0 (0) 4 (80) 1 (20) 
J 1 (20) 0 (0) 0 (0) 4 (80) 0 (0) 
K 0 (0) 0 (0) 0 (0) 4 (80) 1 (20) 
L 1 (20) 0 (0) 0 (0) 3 (60) 1 (20) 
M 0 (0) 0 (0) 0 (0) 4 (80) 0 (0) 

Tap 0 (0) 0 (0) 0 (0) 2 (40) 1 (20) 
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Pseudomonas and Aeromonas Species:  

Pseudomonas species were the most abundant 

microorganisms detected in this assessment. This study 

showed that all the sampled brands contained 

Pseudomonas species. It was found that 75.4% of the 

bottled water and 40% of tap water samples were 

contaminated with Pseudomonas species. In comparison 

76.4% of domestic and 70% of imported bottled water 

brands contained these species. Similarly, Aeromonas 

species were detected in 9 brands. But only 21.5% of the 

bottled water (21.8% of domestic and 10% of imported) 

and also 20% of tap water samples contained these 

organisms. 

 
Table 2: Colony forming units of heterotrophic 
bacteria observed from samples analyzed 

HPC per ml  Number (%) of samples tested  

0 cfu 22 (33.9) 

1-10 cfu 27 (41.5) 

11-100 cfu 5 (7.7) 

101-1000 cfu 5 (7.7) 

>1000 cfu 6 (9.2) 

 
Table 3: Ranges of heterotrophic bacterial count in 
each bottled water brand 

Brand Code Range of cfu of heterotrophic bacteria 
per mL 

 
A 0 to 5 

B 0 to 560 

C 0 to > 1000 

D 0 to > 1000 

E 0 to > 1000 

F 0 to 800 

G 0 to > 1000 

H 1 to 4 

I 0 to 58 

J 1 to > 1000 

K 0 to 9 

L 0 to > 1000 

M 0 to 12 

Tap 0 to 10 

 

Discussion 

Heterotrophic Organisms:  

In this assessment, heterotrophic organisms were 

detected from all brands, but in 66.2% of all samples. 

And yet, this figure does not mean that 66.2% of the 

samples were unfit for consumption, as drinking water 

containing below 100cfu per mL assumed to have no 

health risks (1). And that, as can be seen from Table 1 

and 2, only 11 out of 65 samples (16.9%) could be 

considered unsafe for consumption. The rest 83.1% of 

the samples were assumed to be safe for human 

consumption. In a similar study conducted by Kassenga 

in Dar es Salaam, Tanzania, 92% of the bottled water 

samples analyzed contained heterotrophic organisms 

(12). Another study from India also reported that nearly 

40% of the samples of bottled drinking water exceeded 

the limit of 100cfu of heterotrophic organisms per mL set 

by the Bureau of Indian Standards (21). Compared to the 

findings of Kassenga and Jeena et al., the microbiological 

quality of bottled water brands in this study seemed 

better (12, 21). 

 

From 13 brands included in this study, only 5 of them 

fulfilled the requirement set by the WHO (i.e., < 100cfu 

per mL of water) in all five samples (1). Surprisingly, tap 

water samples also showed very low colony counts (an 

average of less than 10cfu). Yet again, some of the 

samples of the other eight brands also showed very low 

colony counts. One-sample t-test performed to compare 

the average colony forming units detected from each 

brand versus the national standard of 100cfu per mL of 

water indicated that the difference could not be 

considered statistically significant (P > 0.05). In 

comparison, 60% of samples of imported and 29% of 

domestic brands were free of heterotrophic organisms. 

Likewise, samples of 90% of imported and 81.8% of 

domestic brands showed less than 100cfu per mL, and 

thereby meeting the guidelines set by the WHO, the 

European Community and Ethiopian standards (1, 22, 

23). However, Fisher’s exact tests showed that the 

differences in colony counts between domestic and 

imported brands were not statistically significant (P > 

0.05). 

 

As can be understood from published literature, the 

presence of heterotrophic organisms is believed to show 

the overall efficiency of water treatment plants and 

general cleanliness and integrity of distribution systems 

(24). Despite the fact that the virulence factors of these 

organisms is considered very low (25) and that they do 

not pose a significant health risk (26), it is always safe to 

have very low counts of heterotrophic organisms in 

drinking water as their presence in water may include 

potential pathogens and opportunistic organisms (27). 

Data from epidemiological studies also suggest the 

presence of a positive correlation between 

gastrointestinal illnesses and heterotrophic plate counts at 

35°C (28). 

 

Thermo-tolerant Coliforms and Intestinal Entrococci: 

The good news here could be that colonies of thermo-

tolerant coliforms were not observed from all samples of 
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domestic and imported brands. The tap water samples 

were also found to be free of these organisms. Thus, it 

can be said that the samples collected for this assessment 

did conform to the guidelines proposed by the WHO and 

the standard set by the Standard Agency of Ethiopia (1, 

23), as both organizations demanded no thermo-tolerant 

coliforms to be detected in 100 mL sample of drinkable 

water (23, 29). Nevertheless, Intestinal enterococci were 

detected in one of the thirteen brands (Brand F), but only 

from 3% of samples. And the fact that Intestinal 

enterococci are mainly of fecal origin may raise 

questions about the safety of that particular brand. 

 

Practically, thermo-tolerant coliforms could be detected 

in bottled waters as documented by a number of studies. 

Bharath et al. reported that from 344 bottled water 

samples tested in Trinidad, 1.5% of the samples 

contained E. coli or thermo-tolerant coliforms (10). 

Similarly, in a study conducted in Dar es Salaam, 

Tanzania, fecal coliforms were detected in 3.6% of 

analyzed samples (12). As thermo-tolerant coliforms or 

more specifically Escherichia coli are present in large 

numbers in the normal intestinal flora of humans and 

animals, it generally causes no harm. However, in other 

parts of the body, E. coli can cause serious diseases, such 

as urinary tract infection, bacteraemia and meningitis. 

Therefore, drinking-water needs to be free of these kinds 

of organisms. 

 

Pseudomonas and Aeromonas Species:  

Regarding Pseudomonas species, it was found that 75.4% 

of the bottled water samples were contaminated with 

them. In comparison 76.4% of domestic and 70% of 

imported bottled water brands contained these species. 

However, no statistically significant differences were 

observed between domestic and imported brands 

concerning these organisms (Fisher's exact test, P-Value 

> 0.05). And yet, only 40% of tap water samples were 

found to contain Pseudomonas species. This huge 

difference between tap and bottled water samples may be 

due to high concentration of residual chlorine found in 

tap water samples as the residual chlorine concentrations 

of collected samples did even have apparent offensive 

smell due to chlorine. Besides, Pseudomonas species are 

well known in their ability to grow in nutrient limited 

environments including water. 

 

This finding can also be supported by a longitudinal 

study conducted in Greece through the period 1995–2003 

by Venieri et al. (11). According to Venieri et al., the 

most frequently isolated microorganisms during that 

period were Pseudomonas species. Bharath et al. also 

reported that 7.6% of the bottled water samples from 

Trinidad contained Pseudomonas species (10). A similar 

study from Zimbabwe also revealed that 6.7% of the 

analyzed samples had contaminations with Pseudomonas 

species (7). A report from Egypt by Abd El-Salam et al., 

however, reported a bit lower prevalence (3.6%) of 

Pseudomonas species from samples included in their 

study (13). 

 

Though, there is no standard regarding Pseudomonas  

species in Ethiopia, the European Community Directive 

declares that bottled mineral water should be free from 

Pseudomonas aeruginosa (22). But, in this assessment, 

confirmatory tests for Pseudomonas aeruginosa were not 

performed as it is a pathogenic organism and normally 

not advisable to do it during quality monitoring 

 

On the other hand, Aeromonas species were detected 

from only 21.5% (from 21.8% of domestic and 10% of 

imported) bottled water samples. Nevertheless, Fisher's 

exact test was performed and indicated that the difference 

between domestic and imported brands cannot be 

considered as statistically significant (P-value of > 0.05). 

Aeromonas species were also detected in tap water 

samples (20%). Various research groups tried to confirm 

the growth phenomenon of these bacteria by quantifying 

the bacteria present in natural mineral waters at the 

source and at several points in time after bottling and 

storage at different temperatures and also from 

environmental and clinical sources and the finding 

showed that environmental strains of Aeromonas had no 

ecological advantage over clinical isolates (30-32). But it 

is safe to say that bottled water can be used as vehicle of 

transmission for more dangerous strains like Aeromonas 

hydrophila (8, 9). 

 

Conclusion: 

Obviously, it is hardly possible to provide microbe-free 

drinking water even after implementing the so-called 

multiple barrier concept or water safety plan (1) as some 

naturally occurring bacteria and yeast can survive all 

barriers. Despite such concerns, bottled water generally 

receives no further treatment by customers before 

consumption, as consumers are sure of its absolute 

quality. But as can be concluded from our study some of 

domestic bottled water brands failed to demonstrate 

compliance to HPC standards (though, all bottled water 

brands were free of thermo-tolerant coliforms and of 

Intestinal enterococci except one brand). Hence, some 

susceptible group of people could be at risk; unless 

regular microbiological monitoring instituted by 

regulatory bodies. 

 

As can be witnessed by the contamination level of 

heterotrophic organisms and Pseudomonas species, the 

bottling companies were suspected to have faulty 

treatment or packaging practices. Thus, the companies 

would be advised to use water safety plans (WSP) from 

catchment to consumer. The WSP approach incorporates 

principles and concepts like the multiple-barrier approach 

and hazard assessment and critical control points (as used 

in the food industry). Consequently, it would be possible 

to continuously monitor the whole process cycle and 

implement corrective actions as necessary. On top of 
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that, it is recommended that regular monitoring and 

testing for chemical compositions and microbial quality 

be made by the authorities concerned. We would like 

also to encourage future researchers to look into the 

association of microbial quality of bottled water with 

types of sources and environmental quality of the vicinity 

of the water sources. 
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