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Abstract: This study assessed the physicochemical and bacteriological characteristics of sachet and bottled
water brands on sale in Bolgatanga municipality, Ghana.  Turbidity, colour, total dissolved solids, total
hardness, calcium ion, magnesium ion, total iron, chloride ion, nitrate ion, phosphate ion and sulphate ion of
all samples were within the WHO drinking-water guideline. About fifty percent of the water samples had
fluoride ion level ranging from 0.15-0.45 mg/L. These values are below the WHO recommended minimum
limit of 0.5 mg/L. Sachet water samples generally possessed good physicochemical characteristics. However,
three out of every four sachet water samples were contaminated by coliform bacteria ranging from 12-168
cfu/100 mL. Faecal coliform bacteria ranging from 2-63 cfu/100 mL were detected in more than 60% of the
sachet water brands. All the unbranded hand-filled hand-tied sachet water samples without exception were
contaminated by faecal coliform bacteria. This is contrary to the recommendation by WHO that faecal coliform
bacteria must not be detectable in a 100-mL sample of drinking water. Although two percent of the bottled
water samples had pH levels below the minimum level of 6.5 recommended by WHO, the samples generally
possessed good physicochemical and bacteriological characteristics. On the average, bottled water samples
were of good quality and the sachet water samples were of variable quality. This was probably due to the
problem of poor sanitation in Bolgatanga municipality and the fact that sachet water brands are not always
produced under scrutinised hygienic conditions.
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INTRODUCTION

Accessibility and availability of fresh clean water is
a key to sustainable development and an essential element
in health, food production and poverty reduction
(Adekunle et al., 2004). However, an estimated 1.2 billion
people around the world lack access to safe water and
close to 2.5 billion persons are not provided with adequate
sanitation (Third World Water Forum on Water, 2003). In
Ghana, particularly in Bolgatanga municipality, safe and
reliable pipe borne potable water is available.  However,
many inhabitants of Bolgatanga municipality do not have
access to pipe borne water because of poverty.  Moreover,
treated pipe borne water may be contaminated due to poor
waste management and poor maintenance of broken or
leaking pipes, especially close to gutters and drainage.
Consequently, a number of small scale industries are
packaging and marketing factory-filled sachet drinking
water, popularly called “pure water”, that many consider
a safer source of potable water (Dodoo et al., 2006).
Those who cannot afford the factory bagged sachet water
go for cheaper unbranded “ice water” which is hand-filled
hand-tied pipe borne water (Obiri-Danso et al., 2003).

The proliferation of sachet drinking water products
raises the question as to whether they are hygienically
produced, especially when the poor sanitary environment
in urban Ghana coupled with irregular monitoring of
sachet water producers by regulating agencies is taken
into account (Adekunle et al., 2004; Obiri-Danso et al.,
2003; Agada, 1998). Rutz (1996) reported that sachet
water vending machine may not be free of
microorganisms, because bacteria like Straptococcus
faecalis, have been isolated from sachet water producing
machines.

Obiri-Danso et al. (2003) who examined the
microbiological quality of sachet drinking water and
bottled water sold on the streets of Kumasi, Ghana,
concluded that bottled water on the Ghanaian market is of
good microbiological quality.  However, because of the
high cost price of bottled water brands, they are mainly
patronised by the elite and the upper socio-economic
class.  Several studies which compared bottled and tap
water concluded that, while some brands of bottled water
may be of better quality than tap water, this is not always
the case (Doria, 2006).  This study assessed the physico-
chemical and bacteriological quality of selected brands of
sachet and bottled water sold in Bolgatanga municipality
of Ghana.
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Table 1: Characteristics of sachet water brands
Brands of sachet water
------------------------------------------------------------------------------------------------------------------------------

Parameters VS SK OS PM AQ IW
Appearance C C C C C C
Odour U U U U U U
Taste U U U U U U
Colour, Hz 2.5 2.5 2.5 2.5 2.5 2.5
pH 8.14 8.15 7.52 8.04 8.32 7.83
Turbidity, NTU 0.68 0.80 1.72 0.65 0.85 0.45
Total dissolved solids, mg/L 51 50 51 53 51 204
Total hardness, mg/L 104 95 88 126 115 223
Fluoride, mg/L 0.25 0.72 0.77 0.37 0.15 0.83
Chloride, mg/L 16.10 6.03 7.10 11.89 5.05 18.97
Nitrate, mg/L 0.12 0.22 0.80 0.13 0.05 4.83
Sulphate, mg/L 9.43 13.38 20.35 23.63 17.83 4.88
Phosphate, mg/L 0.41 0.45 0.52 0.50 0.43 0.79
Sodium, mg/L 9.82 7.79 8.34 9.06 8.60 15.13
Potassium, mg/L 2.91 4.68 3.68 4.09 3.71 4.51
Calcium, mg/L 16.08 16.72 14.32 17.53 19.15 28.22
Magnesium, mg/L 4.80 2.37 3.38 7.77 3.85 16.45
Total iron, mg/L 0.24 0.22 0.28 0.22 0.23 0.28
Total coliform, cfu/100 mL 12 49 63 14 46 168
Faecal coliform, cfu/100 mLC 2 12 23 7 15 63
Each value is mean of 24 determinations; C: clear/colourless; U: unobjectionable; VS: Voltic; SK: Sakande; OS: Ours; PM: Pearl-ma; AQ: Aqua; IW:
Ice water

Table 2: Characteristics of bottled water brands
Brands of bottled water
---------------------------------------------------------------------------------------------------------------- --------------

Parameters AF AS BA VB
Appearance C C C C
Odour U U U U
Taste U U U U
Colour, Hz 2.5 2.5 2.5 2.5
pH 6.80 6.82 7.37 6.86
Turbidity, NTU 0.47 0.53 0.70 0.72
Total dissolved solids, mg/L 80 24 39 59
Total hardness, mg/L 34 33 63 38
Fluoride, mg/L 0.77 0.45 0.45 0.35
Chloride, mg/L 24.80 8.95 11.83 21.68
Nitrate, mg/L 0.34 0.19 0.09 0.36
Sulphate, mg/L 4.11 4.60 6.33 3.83
Phosphate, mg/L 0.42 0.47 0.39 0.35
Sodium, mg/L 14.07 11.55 15.43 13.62
Potassium, mg/L 7.12 6.04 5.38 4.58
Calcium, mg/L 3.37 1.68 4.83 4.85
Magnesium, mg/L 3.40 4.89 7.68 2.77
Total iron, mg/L 0.11 0.09 0.08 0.05
Total coliform, cfu/100 mL 2 2 1 0
Faecal coliform, cfu/100 mLC 0 0 0 0
Each value is mean of 24 determinations; C = clear/colourless and U = unobjectionable AF = Aqua Fill  AS = Aqua Splash  BA = Bonaqua  VB =
Voltic

MATERIALS AND METHODS

Study area: This study was conducted between January
and December 2008 at Bolgatanga municipality; in the
north-eastern part of Ghana. Bolgatanga, the capital of the
Upper East Region of Ghana lies on the longitude 0º51!
5W of Greenwich meridian and latitude 10º47! 8N of the
equator. The estimated total population of the
municipality during the period of the study was 134,000.
The municipality is characterised by poor environmental

sanitation, poor housing and poverty and at least sixty
percent of the population lives on less than US$1.00 per
day.

Sample selection: A total of 264 samples made up of 120
branded sachet water, 48 unbranded hand-filled hand-tied
polythene bagged water and 96 bottled water samples
were examined.  The unbranded hand-filled hand-tied
polythene bagged water was labeled “ice water” in this
study.  Each category of water was sampled at least twice
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a month for the twelve-month study period. The five
brands of sachet water examined were: Voltic, Sakande,
Ours, Pearl-ma and Aqua.  The four brands of bottled
water examined were: Aqua Splash, Aqua Fill, Bonaqua
and Voltic.

Experimental methods:
Physical parameters: The physicochemical examination
of the water samples were completed within six hours of
sample collection. The pH of each water sample was
determined immediately after receiving the sample at the
laboratory using a calibrated Crison pH meter Basic C20
(Crison Instruments SA, Barcelona, Spain). The colour of
each sample was measured with DR/2000
spectrophotometer (Hach Company, Loveland, Colorado,
USA). The turbidity of the samples was determined using
a DR/2000 spectrophotometer (Hach Company, Loveland,
Colorado, USA). This is a multipurpose
spectrophotometer configured to measure turbidity at the
specified wavelength of 750 nm. A calibrated Crison
conductivity meter Basic C30 (Crison Instruments SA,
Barcelona, Spain) was employed for the determination of
the Total Dissolved Solids (TDS) of the water samples.

Chemical Parameters: Chloride content was determined
by argentometric method. The sample was titrated under
neutral conditions with a standard solution of silver nitrate
using potassium dichromate as the indicator. The level of
fluoride ions in each sample was determined by SPADNS
colorimetric method (APHA, 2005). Calcium, magnesium
and total hardness were determined by the EDTA
titrimetric method (APHA, 2005). Sodium and potassium
ions were determined using flame photometry (APHA,
2005). Sulphate ions were determined using a calibrated
DR/2000 spectrophotometer (Hach Company, Loveland,
Colorado, USA) set to the wavelength of 450 nm. Nitrate
and phosphate ions were determined spectrophoto
metrically using DR/2000 spectrophotometer (Hach
Company, Loveland, Colorado, USA).

Bacteriological parameters: Bacteriological examination
of the samples was conducted by multiple tube
fermentation tests (APHA, 2005; Adetunde and Glover,
2010).

RESULTS AND DISCUSSION

Table 1 and 2 present the results of the mean physical,
chemical and bacteriological characteristics of sachet and
bottled water, respectively. All the samples were
colourless and without objectionable odour and taste.

The presence of colour, odour and taste in potable
water is objectionable to the consumer. The water samples
were generally colourless and possessed unobjectionable
odour and taste. Mean pH of the sachet and bottled water
samples (6.80-8.15) fell within the range of 6.5-8.5
specified by WHO (2011). Therefore, the water samples

were unlikely to cause health problems such as acidosis
(Asamoah and Amorin, 2011). Turbidity and Total
Dissolved Solids (TDS) ranged from 0.45-1.72 NTU and
4-204 mg/L, respectively. These values were well below
the maximum permissible limits of 5 NTU and 1000 mg/L
for turbidity and TDS, respectively, set by WHO (2011).

Hardness gives palatability to water. It has been
suggested that moderately hard water containing sufficient
calcium is essential for normal growth and health.
However, high values of hardness arising from elevated
levels  of  magnesium  sulphate  are undesirable (Dodoo
et al., 2006). The branded sachet drinking water samples
could be classified as either moderately soft or slightly
hard (mean total hardness ranged from minimum of 88-
126 mg/L). However, the unbranded sachet water (ice
water) was classified as hard because it recorded an
average total hardness level of 223 mg/L CaCO3. All the
branded bottled water samples could be classified as soft
(mean total hardness ranged from 33-38 mg/L CaCO3)
except Bonaqua, which recorded mean total hardness of
63 mg/L CaCO3, and therefore classified as moderately
soft water. All the samples recorded mean total hardness
concentrations within the range of 0-500 mg/L prescribed
by WHO (2011).

At elevated concentrations, nitrate ion is known to
result in cyanosis in infants (Comly, 1945). All the water
samples except unbranded “ice water” generally
possessed very low levels of nitrate ions below 1.00 mg/l.
The average nitrate ion content for ice water was 4.88
mg/l. However, no exceedances to the WHO (2011)
guideline for nitrate ion were recorded for any of the
water samples during the study period. The mean
concentration of phosphate and sulphate ions in the water
samples ranged from 0.35-0.79 and 3.83-23.63 mg/L,
respectively. These values were much lower than the
WHO (2011) recommended maximum permissible limits
of 2.5 and 400 mg/L for phosphate and sulphate ions,
respectively.

Chloride ions are non-cumulative toxins, an excess
amount of which, if taken over a period of time, can
constitute a health hazard. WHO (2011) recommended
250 mg/L as the maximum chloride ion level allowable in
drinking water. It is believed that higher concentration of
chloride ions may result in taste problems. The water
samples possessed low chloride ion levels between 6.03
and 24.80 mg/L. Fluoride in drinking water may be
beneficial or detrimental depending on its concentration
and total amount ingested. The chronic and toxic effects
of excessive intake of fluoride are usually observed as
dental fluorosis and skeletal abnormalities. It is a
recommended essential substance in water for building
healthy teeth when up to 1 mg/L. It is beneficial
particularly to infants and young children for calcification
of dental enamel when present within the WHO (2011)
permissible range of 0.5 to 1.5 mg/L (Kumar et al., 2007).
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Approximately 40 % of the sachet water samples
possessed mean fluoride ion concentrations below the
minimum recommended level of 0.50 mg/L; while all the
bottled water brands except Aqua Fill recorded mean
fluoride ion concentrations below 0.50 mg/L. The weather
of Bolgatanga municipality is hot all year round and the
inhabitants, on the average, tend to consume more water.
It is therefore unlikely that the low concentration of
fluoride ions in the water samples may affect the
consumers negatively, because the cumulative effect of
the larger volume of water taken should compensate for
the low concentration of fluoride ions in the water
samples.

The levels of total iron and sodium ions in the water
samples ranged from 0.05-0.28 and 7.79-15.43 mg/L,
respectively. These values were below the maximum limit
of 0.30 mg/L for total iron and 200 mg/L for sodium ions
recommended by WHO (2011). No evidence of adverse
health effects specifically attributable to calcium and
magnesium in drinking water has been established.
However, excess calcium and magnesium ions make
water hard (Tay, 2007). The water samples were
characterised by low mean calcium and magnesium ion
concentrations from 1.68-28.22 and 2.37-16.45 mg/L,
respectively. The concentration of magnesium ion in
every sample was lower than that of calcium. In general,
both sachet and bottled water samples possessed good
physicochemical characteristics (Asamoah and Amorin,
2011; Onweluzo and Akuagbazie, 2010).

There was a wide variation in the levels of bacterial
indicator of contamination recorded in different categories
of water. Mean total coliform count in branded sachet
water ranged from 12-63 cfu/100 mL. On the other hand,
mean total coliform count in unbranded sachet water was
168 cfu/100 mL. About 75% of the branded sachet water
samples and 100% of the unbranded sachet water samples
were contaminated by coliform bacteria. The mean level
of total coliform bacteria in bottled water ranged from 0-2
cfu/100 mL. Improper handling might be a reason why
coliform bacteria were detected in some bottled water.
WHO (2011) recommended that faecal coliform bacteria
must not be detectable in a 100-mL sample of drinking
water. The mean level of faecal coliform in branded
sachet water was between 2 and 23 cfu/100 mL; while the
level for the unbranded sachet water was 63 cfu/100 mL.
More than 60% of all brands of sachet water were
contaminated by faecal coliform bacteria. No faecal
coliform was detected in bottled water samples.

In general, while all the tested bottled water samples
possessed good bacteriological characteristics; the
bacteriological quality of the sachet water samples was
poor. According to Obiri-Danso et al. (2003), the standard
of hygiene in the various stages in the production of the
factory plastic-bagged sachet water is similar to bottled
water. It was difficult to independently verify this claim
with  regard  to  the  factory-filled  sachet  water  brands

produced in Bolgatanga municipality. As for the
unbranded sachet water or “ice water”, the high bacterial
load in the tested samples might be as a result of the
method of production. To produce ice water, a bucket or
bowl is used to fetch tap water. Polythene films are
opened either by rubbing them with bare hands or by
blowing air into them by mouth. A cup is used to put the
desire volume of water in the polythene film and the film
is then sealed by tying a knot at the open end. This
production process obviously leaves room for bacterial
contamination.

A study conducted in Lagos, Nigeria revealed that,
bacteriological characteristic of sachet water deteriorates
considerably as products moved farther down the
distribution chain. Less than 7% of sachet water
contamination took place after production while between
40 and 45% of the products were observed between the
distribution sheds and the street hawkers (Omalu et al.,
2010). Bolgatanga municipality is associated with poor
sanitation due to open defecation and large population of
livestock reared on free range basis. It is therefore likely
that the poor bacteriological quality of the sachet water on
sale in Bolgatanga municipality may be linked to the
problem of poor sanitation

CONCLUSION

The study revealed that except for low level of fluoride
ion in some brands, sachet and bottled water brands sold
in Bolgatanga municipality possessed good
physicochemical characteristics. However, while the
bottled water brands generally possessed good
bacteriological characteristics, the bulk of sachet water
brands were contaminated by coliform bacteria. It is
therefore necessary for sachet water brands to be properly
treated and handled to meet the WHO standard for
drinking water. To minimise the problem of poor quality
of sachet water, government agencies like the Food and
Drugs Board, Ghana Standards Board and the
Environmental Protection Agency should ensure that
packaged water manufacturers comply with good
manufacturing practices. It is equally important that the
Bolgatanga Municipal Assembly intensify effort to
improve the poor sanitary condition prevalent in the
municipality and find a solution to the problem of open
defecation as a matter of urgency.
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