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ABSTRACT

Sachet water was introduced in Ghana to provide safe, hygienic and affordable instant drinking water to the general
public. The aim of the study was to examine the effect of storage on the quality of sachet-vended water produced in the
Tamale Metropolis. Two brands of sachet water were sampled freshly after production (Six packs or bags), transported
to the laboratory and analysed. Samples of freshly prepared sachet water were then stored at ambient room temperature
(at 27°C), in a refrigerator (at 4°C) and in the sun (at 40°C). Samples from these three storage methods were collected
and analysed on a weekly and monthly basis for a period of three months. The physico-chemical parameters were
within World Health Organization limits regardless of the mode of storage. The pH of sachet water ranged from 6.69 to
7.89 with a mean of 7.38 £ 0.31. There was no significant difference (p > 0.05) in the physico-chemical parameters for
the sachet water under the different storage conditions over the period. The concern however was the low concentration
of these major ions, sodium, potassium, total hardness, calcium and magnesium which seem to pose direct health con-
cerns. The counts of total heterotrophic bacteria ranged from 0.0 to 73 cfu/Iml with a mean of 19.16 (SD = 21.61) of
the sachet water samples. Total heterotrophic bacteria regrowth was observed on the third week in all brands stored and
gradually deceased numerically throughout the study period. Total coliform regrowth ranged from 0.0 to 5 cfu/100 ml.
There was significant difference (p < 0.05) in total coliform counts for sachet water stored under refrigeration and in the
sun. The observed regrowth and none or low microbial counts can be attributed to multiple factors such as the effect of
temperature, low concentration of nutrients in sachet water, exposure to ultraviolet light rays and permeability of poly-
thene sachet to gases such as carbon dioxide, oxygen and water vapour. Based on the findings of this study, it is rec-
ommended that Food and Drugs Authority and Ghana standard Board should ensure minerals concentrations of sachet
water are improved to meet the general dietary requirement.
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1. Introduction tested and proven effective in the developed world. Given
the prevailing social and technical cost needed to revital-
ize or put in place functional public institutions, associ-
ated technologies and political will power, it is much
undoubted that the standard industrialized world model
for delivery of safe drinking water technology may not
be affordable in much of the developing world in the
foreseeable future [2]. Subsequently, with the renewed
global commitments towards the MDGs marked for 2015,
the importance of locally sourced, low-cost alternative
drinking water schemes in contributing to increased sus-
tainable access in rural and peri-urban settings of devel-
“Corresponding author. oping nations cannot be over-emphasized [3]. The intro-

Water is the elixir of life and abounds on earth, but this
vast natural resource has been depleted and turned into
scarce commodity with increased usage catering to the
needs of ever-expanding population. There is almost a
global shortage of water and the world’s most urgent and
front rank problem today is supply and maintenance of
clean drinking water [1]. In modern times, many devel-
oping countries have included in their national plans the
supply and utilisation of safe drinking water.

Several water supply models are already established,
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duction of sachet water in Ghana was to provide safe,
hygienic and affordable instant drinking water to the
public and to curb the magnitude of water related infec-
tions in the country [4].

Earlier investigations conducted on the safety of drink-
ing water in Ghana has shown that bottled water on the
Ghanaian market is of good microbiological quality while
the quality of some factory bagged sachet and hand-
filled/hand-tied polythene-bagged drinking water was noted
to be doubtful [5]. Hygiene, tastes, purity and most im-
portantly, safety is probably amongst various reasons for
sachet water consumption. Sachet water may not be en-
tirely free of all infectious microorganisms after disinfec-
tion. The potential health implications associated with
sachet water is contamination, which is a factor of the
source of the water itself, treatment, packaging materials,
dispensing into packaging materials and closure and trans-
portation [6]. Total heterotrophic bacteria, according to
[7], can grow to levels that may be harmful to humans
under improper or prolonged storage of packaged water
at favourable environmental conditions.

The microbiological quality of drinking water is a
concern to consumers, water suppliers, regulators and
public health authorities. The potential of drinking water
to transmit microbial pathogens to great number of peo-
ple causing subsequent illness is well documented in

many countries at all levels of economic development [8].

The bacteriological quality of drinking water is of para-
mount importance and its monitoring must be given the
utmost priority. This is so because intake of unwhole-
some water could have devastating effects on our health,
as unsafe drinking water is a key determinant of many
microbial diseases with serious complications in immuno-
competent and immunocompromised individuals [4]. An
increasing body of evidence is showing that water quality
interventions have a greater impact on diarrhoea inci-
dence than previously thought, especially when interven-
tions are applied at the household level (or point-of-use)
and combined with improved water handling and storage
[9].

Human health depends on safe drinking water more
than any other thing, and most of the problems in devel-
oping countries are mainly due to the lack of safe drink-
ing water [10]. Among the indicators of the presence of
disease-causing bacteria in water are the coliform group
of bacteria and total heterotrophic bacteria. Occurrence
of coliforms in finished water in the absence of known
breaches of treatment barriers, continue to be a major
problem in the drinking water industry and have emerged
as a critical regulatory issue [11].

The prevalence of water related diseases in developing
countries is determined by the quality of their drinking
water. In Ghana, the supply of piped water is inadequate
in most communities. This inadequacy is both in quantity
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and quality of the public water supply. This has led to a
tremendously increase in the production of sachet water
with over 300 registered producers and over 600 unreg-
istered producers in Ghana and according to Food and
Drugs Authority of Ghana, majority of sachet water are
produced under questionable hygienic environmental con-
ditions, without approval and does not meet standards.
Regardless of all these problems associated with sachet
water, it is considered wholesome for drinking purposes
as compared to tap or well water [12]. Safe water is a
stipulation for health and development and a basic hu-
man right, yet many people are denied and its quality is
also jeopardized due to mishandle and storage. In every
nook and cranny of major cities and towns in Ghana,
sachet water is often stored on cages without regard the
effect this practice has on the quality. The objective of
this study was to examine the effect of storage on the
quality of sachet-vended water stored under different con-
ditions.

2. Materials and Methods

Two brands of freshly produced sachet water with Food
and Drugs Authority certification were randomly sam-
pled at the point of production in the Tamale Metropolis
and sent to the laboratory for analyses. Samples of the
freshly produced sachet water were then stored in a re-
frigerator at a constant temperature of 4°C. Some of the
sachet water samples were stored at room temperature
(about 27°C) and in the sun at an average temperature of
about 40°C (Plates 1-3). Six packs (3 each from a brand)
of sachet water were sampled and analysed for a period
of three months. Water quality analyses of stored water
were conducted using American Public Health Associa-
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Plate 1. Sachet water stored in a refrigerator.

JEP



Effect of Storage on the Quality of Sachet-Vended Water in the Tamale Metropolis, Ghana 631

Plate 2. Sachet water stored at room temperature.

Plate 3. Sachet water stored in the sun.

tion (APHA) analytical methods [13]. Physico-chemical
and bacteriological parameters of the sachet were ana-
lysed immediately after collection (Day 1). Stored sachet
water samples were analysed after one week, two weeks,

one month, two months and on the third month of storage.

pH, total dissolved solids and turbidity of the different
sachet water were determined using a pH-meter, electri-
cal conductivity meter and a turbidity meter respectively.
Total hardness, Total alkalinity, calcium, magnesium and
chloride concentrations in the sachet water were deter-
mined using titrimetric methods.

Nutrients (such as nitrate, phosphate, fluoride and sul-
phate) were determined with a UV/Visible spectropho-
tometer in accordance with APHA 4500. Potassium and
sodium were analysed with flame atomic absorption spec-
trophotometer (FAAS) in accordance with APHA 20"
edition 31113. Samples were analysed by direct aspira-
tion in an air/acetylene flame at specified wavelength for
both potassium and sodium. Membrane filtration tech-
nique was used to determine total and faecal coliforms,
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Escherichia coli and salmonella spp in accordance with
APHA 9222B, 9222D, 9260F and 9215B.

100 ml of each of the water samples were separately
filtered through 0.45 pum pore size membrane filters. De-
termination of Total Coliform, E. coli, Salmonella spp.
and Feacal Coliform were undertaken by incubating on
poured M-endo media, Hicrome (Difco) Media, SS agar
and M-FC and in petri dishes at 37°C + 0.5°C and 44°C
for 16 - 24 hours, respectively. Total Heterotrophic bac-
teria was determined by the pour plate method and incu-
bated at 37°C + 0.5°C for 48 hours. Colonies were counted
with a colony counter.

Data Analyses

Means, standard deviations, minimum, maximum values
and multiple comparisons were calculated using SPSS
(version 16.0 for Windows). One way ANOVA was used
to test for significance between the modes of storage of
the sachet water samples.

3. Results and Discussion

3.1. Physical Examinations, Source of Water and
Treatment

The two brands met the compliance levels set by the
regulatory authorities in terms of label requirements such
as registration number and batch numbers, manufacturing
and expiry dates, net volumes and producers’ names and
contact addresses. However, the nutritional information
(mineral composition) was not found on the sachets of
the two brands sampled for the study. It was uncovered
that the two producers use tap water from the Dalun
treatment plant for the production of sachet water, which
is mostly the case for other producers in the metropolis.
However, only the B-brand producer stores the tap water
in polytanks for addition of chlorine as disinfection be-
fore using the water to produce sachet water. It was also
realised that the sachet water sampled were produced
under strictly hygienic conditions.

3.2. Physico-Chemical Quality of the Sachet
Water

The pH of sachet water before storage was 6.69 and 6.88
for B and L-brands respectively and during storage pH
values ranged from 6.69 to 7.89 with a mean of 7.38 +
0.31 (Table 1). It was observed that those stored in the
sun usually record slight increase in pH compared with
those stored at room temperature and in the refrigerator
and generally pH increased throughout the study period.
However, the difference in mode of storage was insig-
nificant since p-values recorded were greater than 0.05
(Table 2). pH is one of the parameters that affect the
aesthetic quality of drinking water [14]. It plays a sig-
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Table 1. Results of physico-chemical analysis of sachet water.

Parameter Min Max Mean SD Who guideline
pH (pH-Units) 6.69 7.89 7.38 0.31 6.5-8.5
TDS (mg/l) 60.1 114.3 76.33 14.93 1000

Total Hardness 26 48 38.19 4.99 500
Calcium 6.4 15.2 10.24 2.17 200
Magnesium 0.5 53 2.93 1.28 150
Turbidity (NTU) 1 7 2.5 13 5
Chloride 3.97 9 6.56 1.12 250
Sodium 3.9 8.6 5.67 1.54 200
All other units are in mg/l except otherwise.
Table 2. Comparative analsysis of some parameters with respect to mode of storage.
Mode of storage Parameter Significant
. . Room temperature 0.622
Refrigeration

Sun 0.402

Refrigeration 0.622

Room temperature Sun pH 0.728

sun Refrigeration 0.402

Room temperature 0.728

Refrigeration Room temperature 0.102

Sun 0.857

Refrigeration 0.102

Room temperature Sun TH 0071

sun Refrigeration 0.857

Room temperature 0.071

Refrigeration Room temperature 0.929

Sun 0.953

Refrigeration 0.929

Room temperature sun Na 0.976

sun Refrigeration 0.953

Room temperature 0.976

Refrigeration Room temperature 0.451

Sun 0.476

Refrigeration 0.451

Room temperature Sun K 0.966

sun Refrigeration 0.476

Room temperature 0.966

Refrigeration Room temperature 0.096

Sun 0.039

Refrigeration 0.096

Room temperature Sun TC 0.672

sun Refrigeration 0.039

Room temperature 0.672

Refrigeration Room temperature 0.079

Sun 0.079

Room temperature Refrigeration FC 0.079
Sun 1

sun Refrigeration 0.079
Room temperature 1

Refrigeration Room temperature 0.845

Sun 0.409

Refrigeration 0.845

Room temperature sun THB 0.308

sun Refrigeration 0.409

Room temperature 0.308

TH: Total hardness, Na; Sodium, K; Potassium, TC; Total coliform, FC; Faecal coliform and Total Heterotrophic bacteria.
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nificant role in determining the bacterial population growth
and diversity in sachet water. According to [15], micro-
organisms frequently change the pH of their own habitat
by producing acidic or basic metabolic waste products.

The turbidity concentration ranged from 1 to 7.0 NTU
with a mean of 2.5 + 1.30 NTU (Table 1). It was de-
duced that storage conditions and temperature has no
effect on turbidity of sachet water. High levels of turbid-
ity can protect microorganisms from the effect of disin-
fection and can stimulate bacterial regrowth [16]. Tur-
bidity of sachet water is to confirm effectiveness or indi-
cate problems with treatment processes particularly co-
agulation, sedimentation and filtration. Total Dissolved
Solids concentration of sachet water before storage was
71.3 mg/l for both B and L-brands and during storage
total dissolved solids concentration ranged from 60.1 to
114.3 mg/l with a mean of 76.33 = 14.93 mg/l (Table 1).
It was observed that samples stored in the refrigerator
recorded the lowest values as compared to those stored in
the sun and at room temperature.

The concentration of total hardness of sachet water
before storage was 36 mg/l and 34 mg/l for B and L-
brands respectively and during storage ranged from 26.0
to 48.0 mg/l with a mean of 38.19 + 4.99 mg/lI (Table 1).
The concentration of calcium before storage was 10.42
mg/l and 9.62 mg/l for B and L-brands respectively and
during storage ranged from 6.4 to 15.2 mg/l with a mean
of 10.24 = 2.17 mg/l (Table 1). Magnesium concentra-
tion before storage was 2.42 mg/l for both B and L-
brands and during storage ranged from 0.5 to 4.6 mg/l
with a mean of 2.93 £ 1.29 mg/l (Table 1). Water has
been classified on the basis of hardness as follows by
WHO as follows; Soft (0 - 50 mg CaCOz/L), Moderate
Soft (50 - 100 mg CaCOs/L, Slightly Hard (100 - 150 mg
CaCOs/L), Moderate Hard (150 - 200 mg CaCOs/L),
Hard (200 - 300 mg CaCOs/L) and Very Hard (over 300
mg CaCOg/L) [17]. Moderately hard water, containing
sufficient calcium is essential for normal growth and
health. Moreover, hardness gives palatability to water.

Total hardness, calcium and magnesium concentra-
tions recorded were within WHO guidelines for drinking
water irrespective of their mode of storage. There was no
significant difference (p > 0.05) in the total hardness,
calcium and magnesium for the sachet water stored under
the different storage conditions (Table 2). However, the
low concentrations of these minerals in sachet water have
the tendency of causing health problems as the fall under
the range of soft water. Reference [18] reported that soft
water (that is water low in calcium and magnesium) is
associated with increased morbidity and mortality from
cardiovascular diseases (CVDs) compared to hard water
as well as water high in magnesium. Studies also suggest
that the intake of soft water, that is water low in calcium,
may be associated with high risk of fracture in children
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[19]. According to [20], only a few months exposure may
be sufficient consumption time effects from water that is
low in magnesium and/or calcium.

The concentration of chloride in sachet water before
storage was 9 mg/l and 8 mg/l for B and L-brands re-
spectively and during storage ranged from 3.97 to 9.0
mg/l with a mean of 6.56 + 1.12 mg/l (Table 1). Chloride
concentration of sachet water before and after storage
was within WHO limit of drinking water irrespective of
their mode of storage. Numerically the chloride concen-
tration of sachet water decreased during storage. Chlo-
rides in drinking water originate from natural sources,
sewage and industrial effluents and urban runoffs. The
sodium concentration of sachet water before storage was
6.3 mg/l for both brands and during storage sodium con-
centration ranged from 3.9 to 8.6 mg/l with a mean of
5.67 + 1.54 mg/l (Table 1). Sodium concentration was
within WHO guidelines for drinking water and shows no
significant difference (p > 0.05) under the different mode
of storage (Table 2). However, sodium concentration in
the sachet water cannot minimize the risk to hypertensive
persons and heart patients. Since [21] reported that for
individuals suffering from health problems such as heart
disease or high blood pressure the maximum recom-
mended sodium concentration in drinking water is 20
mg/l.

Fluoride concentration of sachet water before storage
was 0.38 mg/l and 0.22 mg/l for B and L-brands respec-
tively and during storage fluoride concentration ranged
from <0.1 to 0.7 mg/l with a mean of 0.25 + 0.17 mg/I.
Fluoride concentration of sachet water were within WHO
limit but very low in concentration (Figure 1). Phosphate
concentration of sachet water before storage was < 0.001
mg/l for both B and L-brands and generally recorded a
constant concentration of <0.001 mg/l throughout the
study period. Potassium concentration of sachet water
before storage was 3.0 mg/l and 3.1 mg/l for B and L-
brands respectively and during storage potassium con-
centration ranged from 1.9 to 3.1 mg/l with a mean of
2.43 £ 0.45 mg/l (Figure 2). It was observed that potas-
sium concentration of sachet water decreased during stor-
age. There was no significant difference (p > 0.05) in the
potassium concentrations for the sachet water under the
different modes of storage over the period (Table 2).

The concentration of potassium and phosphate were
within the WHO limits. However, the concentrations
recorded could mean that there were no microbial death
and accumulation of waste. Since findings by [15] attrib-
uted the increase in phosphate and potassium concentra-
tions in water to microbial death and accumulation of
metabolic waste. The low regrowth of microbial could be
attributed to low concentration of phosphate in sachet
water since it is one of the limiting factors for microbial
growth. It is clear that phosphate concentration of sachet
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Figure 1. Flouride concentration in sachet water in three
months period.
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Figure 2. Potassium concentration of sachet water in three
months period.

water may not change under any of these storage condi-
tion while decreased in potassium concentration may be
due to storage effect or utilization by microorganisms for
regrowth and reproduction.

The total alkalinity concentration obtained for the sa-
chet water samples is presented in Figure 3. Total alka-
linity concentration of sachet water before storage was
14 and 16 mg/I for B and L-brands respectively and dur-
ing storage total alkalinity concentration ranged from 10
to 30 mg/l with a mean of 18.94 = 5.50 mg/l. Total alka-
linity concentration of sachet water increased during stor-
age. Nitrate concentration of sachet water before storage
was 2.47 mg/l and 3.07 mg/I for B and L-brands respec-
tively and during storage nitrate concentration ranged
from <0.005 to 3.07 mg/l with a mean of 1.64 + 0.77
mg/l. It was observed that nitrate concentration of sachet
water decreased during storage irrespective of mode of
storage. Sulphate concentration of sachet water before
storage was 20.3 mg/l and 24.4 mg/l for B and L-brands
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respectively and during storage sulphate concentration
ranged from 6.3 to 39.06 mg/l with a mean of 22.40 +
8.75 mg/l (Figure 4).

3.3. Bacteriological Quality

Results of microbial quality of sachet water are presented
in Figure 5. Total and faecal coliforms, Escherichia coli,
salmonella spp and total heterotrophic bacteria were not
detected in any of the brands before storage under the
various conditions. Total coliforms counts ranged from
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Figure 3. Total alkalinity concentration of sachet water in
three months period.

45
—4—BF
40 -
35 —i—LF
— 30 -
& ——BR
= %5 -
20 A i R
15 -
10 —=BS
5 -
—8—13
0 T T T T 1
& % s N & s
ﬁo*\ & 4@3"_ \o& 05“0 G&o
Q‘b QE’J o Q.Q' & @
O" & ¥ (& &
&‘0

Time (weeks/ months)

Figure 4. Sulphate concentration of sachet water in three
months period.
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Figure 5. TC, FC and THB of sachet water in three months period.

0.0 to 5 cfu/100ml with a mean of 0.32 (SD = 0.95) for
sachet water samples stored. The maximum was recorded
in samples stored in the refrigerator and only 1.0 cfu/100ml
was detected on the second and third month for samples
stored at room temperature. No total coliform was de-
tected throughout the study period for samples stored in
the sun. This finding disagrees with [22] report that stor-
age of water at 4°C preserved water without microbial
multiplication and at 25°C - 37°C multiplied, but agrees
with their finding that at 42°C most contaminants are
destroyed. Perhaps the exposure of samples to ultraviolet
light rays could also serve as sterilizers in samples stored
in the sun and at room temperature. There was significant
difference (p < 0.05) in total coliform counts for stored
sachet water under refrigeration and in the sun (Table 2).
The difference between the two could be attributed to the
temperature and ultraviolet light ray’s effect on the coli-
forms. However, total coliforms regrowth during storage
contradicts [23] findings that suggest that indicator or-
ganisms loose viability in freshwater environment with
time. Total coliforms are widely used as indicators of the
general sanitary quality of treated drinking water while
faecal coliforms give a much closer indication of faecal
pollution [24].

Copyright © 2013 SciRes.

The study recorded 1.0 cfu/100ml of faecal coliforms
for only B-brand stored in the refrigerator on the second
and third week during storage. Subsequently, no regrowth
of faecal coliforms for any of the brands stored under the
prescribed storage conditions was detected. There was no
significant difference (p > 0.05) in faecal coliform counts
for sachet water stored under the different storage condi-
tions (Table 2). The absence of faecal coliforms and the
low total coliforms counts for samples stored in the sun
and at room temperature may be due to temperature and
the nature of packaging material used. This is in agree-
ment with findings by [25-27], which noted that poly-
thene sachet is more permeable to air than glass and plas-
tic bottles. Permeability to gases such as oxygen, carbon
(V) oxide and water vapour has been reported to affect
the growth and survival of microorganisms in packaged
food. Escherichia coli and salmonella spp conforms to
the WHO limits of zero (0) colony/100ml for drinking
water. Storage conditions cannot stimulate regrowth of E.
coli in sachet water as it has been reported that tempera-
ture and nutrient concentration are not elevated enough
to support the growth of E. coli [28]. Thus, the presence
of E. coli would have been considered as evidence of
recent faecal contamination during packaging or due to
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ineffective disinfection.

The total heterotrophic counts ranged from 0.0 to 73
cfu/ml with a mean of 19.16 (SD = 21.61), the regrowth
was detected for all the brands stored under various con-
ditions on the third week of storage and gradually de-
creased numerically throughout the study period. Sam-
ples stored in the refrigerator recorded the highest total
heterotrophic bacteria regrowth followed by those stored
at room temperature and those stored in the sun recorded
the lowest regrowth. However, there was no significant
difference (p > 0.05) in total heterotrophic bacteria counts
for sachet water under the different storage conditions
(Table 2).

The total heterotrophic bacterial detected are used to
determine the general microbiological quality of treated
drinking water [29]. WHO drinking-water quality speci-
fications allow total aerobic heterotrophic bacterial counts
of 100 cfu/ml [29]. This limit was not exceeded by the
two brands stored under the various conditions through-
out the study period. The result of total heterotrophic
bacteria count obtained in this study disagrees with the
findings of [7]. Improper/or prolonged storage of pack-
aged water at favourable environmental conditions, total
aerobic heterotrophic bacteria can grow to levels that
may be harmful to humans [7].

4. Conclusions

It is common to see that sachet water placed in cages in
open spaces in every town or city in Ghana. For the fa-
mous reason of awareness creation for consumers who
might need instant drinking water. The main objective of
the study was to examine the effect of storage on the
quality of sachet-vended water in Tamale Metropolis.
The study revealed that most of the physico-chemical
parameters were within World Health Organization lim-
its regardless of the mode of storage. Generally there was
no significant difference (p > 0.05) in the physico-che-
mical parameters for sachet water stored under the dif-
ferent storage conditions. The concern however was the
low concentration of the major ions, sodium, potassium,
total hardness, calcium and magnesium which seem to
pose direct health concerns.

It is obvious that the low concentration of nutrients
and factors such as temperature, ultraviolet light rays and
permeability of polythene sachet to gases such as carbon
dioxide, oxygen and water vapour accounted for the few
or none bacteria count under the different storage condi-
tions of the sachet water. No E. coli and salmonella spp
was detected throughout the study period. Statistically
there was significant difference (p < 0.05) in total coli-
form counts for stored sachet water under refrigeration
and in the sun. The observed regrowth and none or low
microbial counts in the stored sachet water can be attrib-
uted to multiple factors such as low nutrient concentra-
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tion, effect of temperature, exposure to ultraviolet light
rays and permeability of polythene sachet to gases such
as carbon dioxide, oxygen and water vapour.

5. Recommendations

Based on the findings of this study, it is recommended
that Food and Drugs Authority and Ghana Standard Board
should promulgate standardized method of storage of
sachet water in order to increase its shelf life. The FDB
and GSB should ensure minerals concentrations of sachet
water are improved to meet the general dietary require-
ment. There is the need for regulators to ensure strict
enforcement of nutritional information and the exact ex-
piry date, which is lacking on sachet water samples.
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