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Water, though vital for life, is also the route for transmission of water-borne diseases. Bottled water is 
consumed worldwide for its accessibility and the public perception of purity. However, this perception is 
usually not based on experimental results to confirm or invalidate it, especially where the sample commodity 
is not adequately tested for quality. In this study, different bottled water brands in Lesotho were compared 
to tap and well water samples sourced locally. The standard water testing methods were used to assess the 
physicochemical and microbiological quality of these samples. The physicochemical parameters such as 
hardness, alkalinity, pH, chloride, conductivity and nitrate content were below WHO acceptable limits for all 
water samples tested. Upon the employment of multivariate statistics, one of the bottled water samples (C) 
was completely indistinguishable from the two well water samples collected in the local village. On the other 
hand, microbiological analysis indicated that the water samples designated as C (bottle water brand), F (tap 
water), G (Ha-Mafefooane) and H (Roma community water) had a high microbial load and were contaminated 
with Escherichia coli, while A, B, D and E samples contained Staphylococcus spp. The presence of such indicator 
organisms suggests possible poor hygiene during processing. It is therefore recommended that stricter policy 
measures be taken to regularly monitor bottled water quality, before and after production and storage, to 
fulfil the basic water quality standards of WHO. Public awareness should also be created that bottled water 
may still be impure, despite appearing attractive and convenient.
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INTRODUCTION

Water is one of the most vital requirements for the continued existence of all living organisms. 
Though 70% of the earth is covered by water, freshwater accounts for about 3% of the total water (The 
World’s Water, 2004-2005), with the majority locked in glaciers and polar ice, making it inaccessible 
for human use. As freshwater resources are further stretched to meet the demands of industry, 
agriculture and an ever-expanding population, the shortage of safe and accessible drinking water 
is projected to become the major challenge in many parts of the world (Uitto and Duda, 2002). 
Surface waters such as rivers, reservoirs and groundwater are the major basic sources of drinking 
water. However, all water contains contaminants that may arise from the geological strata and, to a 
varying extent, anthropogenic pollution due to microorganisms, untreated domestic and industrial 
wastewater, leaching from agricultural land and livestock operations (United Nations, 2003a).

As the human population grows, it exerts a high demand on freshwater resources for domestic and 
other economic activities, thus threatening this valued natural resource (Bitton, 2005). Globally,  
1.1 billion people rely on unsafe drinking water sources from lakes, rivers and open wells (WHO, 
2003). Fresh water from springs is still widely used for domestic supply in many urban and rural areas 
without prior treatment or disinfection (European Parliament and Council of the European Union, 
2009). This poses a high potential public health risk. An estimated 80% of illness and death in the 
developing world is caused by water-related diseases (United Nations, 2003b). Studies have revealed 
that more than 56% of people in the USA are worried about the quality of municipally treated tap 
water and thus, with the rising concern for public health, many people choose bottled water over tap 
water (Water Quality Association, 2019).

Contaminated drinking water sources are significant routes for transmission of a number of infectious 
diseases. Since water quality is dynamic in time and space, raw water quality assessment is fundamental 
to preserve the quality of water resources for sustainable development and improvement of the quality 
of drinking water before reaching the public (Di Bernardo and Paz, 2008). According to WHO (2003), 
water quality must meet the microbial, chemical and physical characteristic guidelines of international 
standards. Water quality parameters like alkalinity, hardness, dissolved oxygen (DO), chloride, total 
dissolved solids (TDS), etc., add to the aesthetic value of water. Pollutants like ammonia, lead, arsenic, 
and nitrate may cause adverse health effects (WHO, 2003). Water with a high or low pH, high turbidity, 
etc., is objectionable for drinking. An appropriate chloride content and hardness are desirable but in 
excess detrimentally affect the aesthetic qualities of water. Similarly, a high content of phosphate, nitrate, 
ammonia and iron, are also undesirable. Some other chemical constituents such as heavy metals are 
toxic and consequently their presence in potable water is regulated accordingly (WHO, 2003).

In addition to chemical pollutants are microbiological aspects. Drinking water has to be free from any 
pathogens as well as opportunistic microflora. Microbes such as Salmonella, Shigella, Mycobacterium 
spp. and faecal coliforms are potential pathogens capable of causing various diseases: typhoid 
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(Salmonella enterica serovar Typhi), cholera (Vibrio cholerae), 
diarrhoea (E. coli O157:H7), dysentery (Shigella dysenteriae) and 
hepatitis viruses A, B, C, D and E (Da Silva et al., 2008). According 
to WHO (2003) faecal contamination of water sources and in 
treatment of water is a persistent problem worldwide. Coliforms 
(E. coli) have long been recognised as a suitable microbial 
indicator of drinking water quality; their presence in water 
samples indicates the presence of faecal matter and the possible 
presence of pathogenic microorganisms (European Union, 1998).

Bottled water is seen as a good choice for hydration and 
refreshment because of the favourable public perceptions of bottled 
water quality and convenience (Beverage Marketing Corporation, 
2003; Rowles III et al., 2018). In Lesotho, there is a perception 
that bottled water has a high quality and is free of chemical and 
microbial agents. This is perhaps driven by the poor quality of the 
municipal water piped through the urban areas. Or it could well be 
driven by advertisements and the labels of such products, as well 
as the general belief that whatever is sold in the mainstream trade 
must have gone through some testing for safety and quality.

The high quality and abundance of freshwater resources in Lesotho 
has provided an opportunity for many Basotho bottled water 
entrepreneurs, due to the high unemployment rate. This is enabled 
by Lesotho not having appropriate infrastructure to regulate and 
test these commodities before they are placed in the market. This 
situation necessitated this study, which was aimed at carrying out 
rapid screening of some of the locally bottled water brands for 
chemical and microbiological quality in comparison with tap and 
well water sources. The results obtained will, therefore, provide 
some basis for consumer confidence in the products, if quality 
is acceptable, as well as confirming (or negating the belief) that 
bottled water indeed presents a safer and higher quality option to 
the normal municipal tap water or open well water.

MATERIALS AND METHODS

Water sample collection

Different water samples were collected in replicate as follows: 
5 different brands of bottled water procured from local shops, 
treated public water supply by the local water treatment authority, 
National University Lesotho (NUL) Roma Campus tap water, and 
well water (2 samples) from Ha-Mafefooane, Roma community 
water supply, about 2 km to the south-east of the NUL, Roma 
campus, were used. These samples were respectively assigned 
labels from A–H and refrigerated at 4°C until processed.

Microbiological analyses of the water samples

The Multiple Tube Fermentation test was used to detect and 
quantify coliforms from tap and well water samples using standard 
methods (1998), while membrane filtration technique with 
contact media was used to determine the quality of bottled water 
samples, as used by Slanetz and Bartley (1954). In the filtration 

technique, a volume of 500 mL from each sample was filtered 
through hydrophilic mixed cellulose ester membranes of pore size 
0.45 µL. A semisolid nutrient agar was used as a contact culture 
media to allow growth of the microorganisms from the filtrate on 
the filter membrane. The Petri dishes were then incubated at 37°C 
for 24–48 h and plates were evaluated for presence of growth. 
Representative colonies were then grown on different selective 
media for identification: Bacillus Cereus, Brilliant Green, Violet 
Red Bile Glucose, Eosine Methylene Blue, MacConkey, Mannitol 
Salt and Salmonella Shigella agar. The IMViC, catalase, and 
Gram-staining tests were performed to identify coliforms and 
other heterotrophic bacteria in the water samples.

Physicochemical analysis of the water samples

Different physicochemical parameters amenable to water quality 
assessment, namely, pH, dissolved salts measured as electrical 
conductivity, hardness, free carbon dioxide, and essential elements 
and their corresponding compounds (nitrates, phosphates, 
chloride), were analysed following standard methods (APHA, 
1998; WHO, 2011), unless otherwise stated. Total nitrogen was 
determined according to the USEPA Method 1688 (USEPA, 2001).

Data analysis using multivariate statistics

The semi-qualitative data obtained from microbial analysis were 
compared with the standard set by WHO (2011). The data from 
the physicochemical analyses were exported into the SIMCA-P 
SIMCA 13.0 Software (Umetrics, Umea Sweden) for principal 
component analysis to assess any similarities or differences 
between the different samples, specifically in relation to tap and 
well water. To this effect, different plots (scores, hierarchical and 
component contributions) were used for the analysis.

RESULTS AND DISCUSSION

Tap and well water microbial analysis

The microbial load of the tap and well water samples determined 
using the most probable number (MPN) approach indicates that the 
bioburden in Samples F, G and H was found to be 2.4 x 103 cells/ 
100 mL which is above the WHO recommendation level, unlike 
the other samples (A–E), which were found to be within the 
recommended limit of WHO for the total count (Table 1). The 
quantity of bacteria in bottled water is generally dependent on the 
treatment and quality of water sources under natural conditions 
before processing. Raw waters are known to contain natural 
microbiota composed of species mainly of genera Achromobacter, 
Flavobacterium, Alcaligenes, Acinetobacter, Cytophaga, Moraxella and 
Pseudomonas (Da Silva et al., 2008). If these microorganisms are not 
adequately removed during processing and bottling of the drinking 
water, bacterial multiplication may occur for 1–3 weeks after bottling, 
and the bacterial count can reach 103–104 cells/L at 37°C (Da Silva et 
al., 2008). So, the high total counts in this study reflect the potential 
contamination of the water system with coliform bacteria.

Table 1. Biochemical characterization of isolates from the different water samples designated A–H

Sample
code

Cells /
100 mL

MacC 
Agar

MS 
agar

BC 
agar

BG 
agar

VRB 
agar

Glucose 
agar

EMB 
agar

SS 
agar

Gram 
reaction

Indole Methyl 
Red

VP Citrate Catalase ID (genus level)

A 9.0 x 101 + + - - - - - - Cocci - - - + + Staphylococcus spp.

B 6.2 x 101 + + - - - - - - Cocci - - - + + Staphylococcus spp.

C 5.0 x 101 - - - + + - + - Rod + + - - + Escherichia coli

D 6.2 x 101 + + - - - - - - Cocci - - - + + Staphylococcus spp.

E 5.9 x 101 + + - - - - - - Cocci - - - + + Staphylococcus spp.

F 2.4 x 103 - - - + + - + - Rod + + - - + Escherichia coli

G 2.4 x 103 - - - + + - + - Rod + + - - + Escherichia coli

H 2.4 x 103 - - - + + - + - Rod + + - - + Escherichia coli

Abbreviations used denote the following: MacC – MacConkey agar, MS – Mannitol Salt agar, BC – Bacillus Cereus agar, BG – Brilliant Green agar,  
VRB – Violet Red Bile agar, EMB – Eosine Methylene Blue agar, SS – Salmonella Shigella agar, VP – Voges-Proskauer, ID (genus level)
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Biochemical characterisation of the microbial 
composition of the water samples

Characterisation of the microorganisms present in the different 
water samples was achieved using different media as indicated in 
Table 1. The microorganisms present in Samples A, B, D and E 
showed growth only on MacConkey and Mannitol Salt agar. No 
growth was observed on Bacillus Cereus, Brilliant Green, Violet 
Red Bile Glucose, Eosine Methylene Blue and Salmonella Shigella 
agar, while microorganisms from Sample C showed growth 
on Eosine Methylene Blue and MacConkey Agar (Table 1).  
The microbial contaminants isolated from A, B, D and E water 
samples were identified as Staphylococcus spp., while those from 
C, F, G and H were identified as Escherichia coli (Table 1).

In the tested bottled water brands, variations in the type and counts 
of bacteria indicate changes in the quality of drinkable water, and 
such alterations may reflect the source of contamination and 
changes in available nutrient content of the water (Falcone-Dias 
and Filho, 2013). This could imply that the characteristics of the 
water source and its management in the packaging and handling 
process have influenced the nature of bioburden in the branded 
water (Manaia et al., 1990; Rosenberg, 2003). As reported by 
Warburton (2000), microbial surveys of bottled water showed high 
heterotrophic plate counts (HPC). In some studies, the presence 
of Vibrio cholera infections has also been detected among people 
drinking bottled water (Blake et al., 1977; Kramer et al., 1996). 
In addition, fungal spoilage (Carbal and Fernandez-Pinto, 2002); 
the presence of antibiotic-resistant strains such as Pseudomonas 
spp. (Guillot and Leclerc, 1993; Legnani et al., 1999; Sacchetti et 
al., 2013), Staphylococcus aureus (Leclerc et al., 1985; Sacchetti et 
al., 2013), Aeromonas hydrophila (Manaia, et al., 1990), and the 
pathogens responsible for typhoid fever and traveller’s diarrhoea 
(Warburton, 1993) has also been reported.

Therefore, the bottled water industry needs to follow strict 
quality standards in terms of microbiological analysis in water 
processing for production, bottling, transportation and storage 
(Cowman and Kelsey, 1992; Hunter, 1993). In this study, E. coli 
and Staphylococcus spp. were commonly encountered species. 
The presence of E. coli is strictly unacceptable (WHO, 2011). 
Though there is no recommended limit set for the presence of 
Staphylococcus spp. and other non-pathogenic microbial species in 
drinkable water, it is strongly commended that all drinking water 
sources be tested for any contaminant to control heterotrophic 
growth in the bottled water, assuming the permissible WHO 
limit, which is <500 CFU/mL during storage (Morais and Da 
Costa, 1990; Falcone-Dias and Filho, 2013).

Assessment of physicochemical parameters

Many different physicochemical properties of water are usually  
measured. These properties and their limits depend mostly on the 
source and purpose of that water. Table 2 summarises the values ob-
tained for different physicochemical properties analysed in this study.

Although all samples show high variability in electrical 
conductivity, chloride content, total hardness, free CO2, and total 
alkalinity (Table 2), the variability is insignificant relative to the 
permissible limits set by WHO (2003). This indicates that the 
contents have no noticeable adverse effect as reported by WHO. 
However, there could be adverse effects on human health from 
long-term usage, which could be associated with microbial 
indicators (Agrawal and Jagetia, 1997).

Comparison of water samples using multivariate statistics

Multivariate statistics have been used to demonstrate some of 
the variation in different samples. While multivariate statistics 
are known for simplifying a large volume of data, it has been 
employed recently in studies with a relatively small volume of 
data, e.g., the physicochemical characterisation of river water 
(Tanor et al., 2014), wastewater sludge (Tanor et al., 2016) and 
different animal manures (Nwahara et al., 2017).

Figure 1 shows the loadings plot of the eight sample groups with 
a variance of 76% on Component 1 and 24% on Component 2.

Samples E, F and G clustered together to the extent that E is 
hidden behind the symbols representing F and G (see Gen 1-1 in 
Fig. 1). The other group in the first generation (Gen 1-2) separated 
into 3 groups boxed Gen 2. A better visual representation of the 
generations is shown in Fig. 2, demonstrating the hierarchical 
clustering of the eight samples. The significance of clustering is that 
it shows which samples are closely related, in this case which ones 
have the same quality with respect to the analysed parameters.

Importantly, the replicates of the individual samples showed 
satisfactory clustering indicating considerable precision of the 
results.

Samples F, G and E have once again clustered together between 
the compound entries 14–21, forming one branch of the 
1st Generation (Gen 1-1), and they remained individually 
indistinguishable. The remaining samples formed the second 
branch of the first generation (Gen 1-2) from which H breaks off 
as a second generation (Gen 2-1) leaving the other four samples 
in Gen 2-2. The cascade goes on until the fifth generation where 
individual samples (A and B) are eventually separated. However, 
the samples in Gen 1-1 could not form distinguishable inter-
sample identities, indicating close resemblance in composition as 
shown by the intersecting lines showing individual replicates of 
each of the three samples (E, F and G). For example, entries 13, 
14 and 15 were replicates of the same sample, although 13 seems 
to be more closely related to 16 and 20, while 15 is more closely 
related to the 17 and 21 replicates.

The comparison of the two multivariate statistics representations, 
the loadings plot and the hierarchical clustering, shows sufficient 
agreement in the major clustering of the samples. Interestingly, 
the latter also shows the samples with a higher precision, 
such as Sample B. Of note, there is also a high inter-sample 

Table 2. A summary of the physicochemical parameters of the different water samples

Water sample pH EC (μS/cm) Chloride (mg/L) Total hardness (mg/L) Free CO2 (mg/L) Total alkalinity (mg/L) Nitrate (mg/L)

A 7.73±0.02 7.64±0.15 0.08±0.04 2.40±0.00 2.93±1.27 3.63±0.12 0.05±0.01

B 7.59±0.03 1.37±0.15 0.05±0.02 1.87±0.23 4.40±0.00 3.37±0.06 0.05±0.01

C 8.09±0.05 89.2±0.69 0.02±0.02 4.93±1.01 12.47±1.27 7.33±0.15 0.06±0.01

D 7.42±0.10 30.83±0.67 0.02±0.02 6.67±1.16 4.4±0.00 3.27±0.06 0.04±0.01

E 7.87±0.02 0.39±0.01 0.04±0.01 29.87±1.01 27.87±2.54 3.83±0.06 0.04±0.00

F 7.90±0.01 0.47±0.00 0.04±0.00 29.60±0.69 29.33±2.54 3.90±0.00 0.05±0.01

G 7.91±0.01 0.480±00 0.04±0.01 32.27±1.01 32.67±2.54 3.90±0.10 0.05±0.01

H 8.31±0.02 155.83±1.17 0.02±0.02 4.93±1.01 4.93±1.27 7.40±0.10 0.07±0.00

EC: electrical conductivity
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Figure 1. Loadings plot of the eight different water samples

Figure 2. The hierarchical representation showing relationship between the eight different samples

Figure 3. The plot showing the different parameters as contributions 
to the major differences seen in the clustering plots

precision observed with the Gen 1-1 cluster (E, F and G samples 
represented by individual replicates denoted as 14–21). The other 
samples showed slightly lower precision, although they were 
still distinguishable from the other samples, albeit at the higher 
generation level (Gen 5).

Close inspection of the principal components that led to 
major clustering, as seen in Figs 1 and 2, showed that electrical 
conductivity (EC) was responsible for Principal Component 1  
while total hardness and total alkalinity are responsible for 
Principal Component 2 (Fig. 3).

It is noteworthy that electrical conductivity is dependent on many 
phenomena that include the concentration of dissolved salts and 
the mobility of those ions (Tanor et al., 2014). Therefore, without 
exhaustive determination of different salts that could be in the 

sample, it is not possible to discuss the different conductivities in the 
samples, except to say that Sample H has the highest conductivity 
of all the samples in agreement with Table 3, which is not attributed 
to pH. The pH is usually one of the most important phenomena 
in determining the electrical conductivity of the aqueous solutions, 
due to the high mobility of H+ ions (George and Ramollo, 2014).

Comparison of results with prescribed permissible limits

Although the physiochemical characteristics of the water 
samples were within the permissible limit of WHO (Table 3), 
the microbiological quality was highly compromised due to 
the presence of E. coli, which is one of the indicator organisms 
of coliforms (WHO, 2003). The presence of both E. coli and 
Staphylococci demonstrated contaminations attributable to poor 
hygiene either at the source or during the bottling process. In 
drinking water from municipal supplies, the coliform test can be 
used as an indicator of treatment efficiency and of the integrity of 
the distribution system (Kokkinakis et al., 2008; Setty et al., 2017). 
A heavy bioburden (2.4 x 103 cells/100mL) observed in the well 
and municipal tap water sources (F, G and H), confirmed by the 
presence of E. coli, indicated the poor quality of the water delivered 
to the community. The report by Da Silva et al. (2008) indicated 
the potential risk associated with the presence of coliforms in any 
drinking water as it could also suggest the potential presence of 
other pathogenic enteric microorganisms such as Salmonella spp., 
Shigella spp. and Vibrio cholera.

CONCLUSIONS AND RECOMMENDATIONS

We have demonstrated through this quick screening of the quality 
of bottled water that some of the bottled water procurable in 
Lesotho is not as healthy as most believe it to be. At least of one 
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of the bottled water samples could not be differentiated from the 
groundwater collected from the village next to the university. 
Given that bottled water is believed to be healthier than open 
source water, this could either mean that this bottled water 
sample was not as pure as it was purported to be, or that the open 
source water was at a purer level than anticipated. Although all 
the physicochemical and microbial load parameters assessed 
were within WHO acceptable limits, all the bottled water samples 
showed high levels of microbial load in all samples, except one (C). 
This positive testing of microbial presence implies contamination 
of the spring water could be from the source and/or poor hygienic 
practices during the bottling processes. For this reason, the safety 
of bottled water cannot be assumed.

Given that the brands are all local, and Lesotho does not have 
accredited laboratories for analytical testing of these local 
products, it is recommended that Government acts speedily and 
urgently to establish relevant infrastructure to ensure the safety 
of consumers. Environmental laws must be strictly enforced to 
protect vulnerable water sources such as the public wells. The 
other concern is that most of the brands did not display sufficient 
information about the quality aspects assessed in this study, with 
the exception of pH and electrical conductivity. There was no 
mention of the microbial content. The proprietors of the brands 
were not consulted about the study, and it is not advisable for the 
researchers to approach them about the results as the researchers 
are not a legal authority entrusted with the responsibility of quality 
assessment. In conclusion, it is recommended that awareness 
should also be created among the general public about the use 
of bottled water and that there is no foundation for the popular 
belief that bottled water is synonymous with purity.
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