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SUMMARY

Background: The recent introduction of sachet
water to consumers was to provide safe, hygienic
and affordable instant drinking water to the public.
Although this is a laudable idea current trends
seem to suggest that sachet drinking water could
be a route of transmission of enteric pathogens.
Objective: To assess the safety of sachet drinking
water.

Materials and Methods: Twenty seven different
brands of 500ml sachet water samples randomly
selected and purchased from various vendors in
Accra were subjected to microscopic examinations
to determine the presence of parasitic protozoa.
The study was carried out between January and
May 2005.

Results: Seventy-seven percent of the samples
contained infective stages of pathogenic parasitic
organisms. Common pathogens identified include,
Microsporidia sp 14/27 (51.2%), Cryptosporidium
parvum 17/27 (63.0%), Cyclospora cayetenensis
16/27 (59.3%), Sarcocystis sp. 18/27 (66.7%).
Rotifers 5/27 (18.5%), and Charcoat Leyden crys-
tals 12/27 (44.4%). Ninety-three percent of the
samples contained unidentified impurities/artifacts.
29.6% of the samples contained at least one type
of parasite, 14.8% contained at least 2 types of
parasites, 25.9% contained at least three types of
parasites, while 29.6% contained four types of
parasites.

Conclusion: The study indicated the presence of
contaminants of feacal and zoonotic origin in some
of the sachet water examined. This has grim public
health implications as the organisms identified can
cause water related diseases which have serious
complications in children and adults particularly
immunocompromised individuals. Sachet water
should be constantly monitored for its microbial
quality.
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INTRODUCTION

The intake of unwholesome water could have de-
vastating effects on our health as unsafe drinking
water is a key determinant of many microbial dis-
eases with serious complications in immunocom-
petent and immunocompromised individuals'. The
introduction of sachet water in Ghana was to pro-
vide safe, hygienic and affordable instant drinking
water to the public and to curb the magnitude of
water related infections in the country.

Earlier investigations conducted on the safety of
drinking water in Ghana has shown that bottled
water on the Ghanaian market is of good microbio-
logical quality while the quality of some factory-
bagged sachet and hand-filled/hand-tied poly-
thene-bagged drinking water was noted to be
doubtful®. This observation was based on studies
carried out on water samples to ascertain the pres-
ence of heterotrophic bacteria, indicators of faecal
contamination (total coliforms, faecal coliforms
and enterococci) and for lead, manganese and iron.
Lack of information on pathogenic parasitic organ-
isms associated with drinking water on our mar-
kets creates some uncertainties in our understand-
ing of the overall quality of drinking water on our
markets. To clarify this, there is an urgent need for
the determination of protozoan and helminthic
organisms associated with drinking water in our
communities.

Protozoan organisms are ubiquitous and could be
found in various systems including water bodies.
Common examples of parasitic protozoa often
encountered in water include Cryptosporiduim
parvum, Giardia lamblia, Entamoeba histolytica,
Microsporidia sp. and Cyclospora cayetenensis"
4 The presence of these organisms in sources of
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drinking water is partly due to four reasons:
Firstly, these organisms are indigenous pathogens
found in most domestic animals; secondly, the
degree of environmental contamination with their
infective stages; thirdly, their resistance to water
purification processes and finally unhygienic han-
dling of drinking water™®.

C. parvum has been acknowledged as a human
pathogen since 1976’ and is noted to be associated
with various forms of waterborne outbreaks among
several categories of people®. Potential sources of
infection include the ingestion of contaminated
food and water and the use of recreational facili-
ties®”. Although studies indicate that the median
infectious dose is about 132 oocysts'®, the inges-
tion of only one oocyst is noted to have caused
disease in people''. G. lamblia, is a well known
cause of diarrhea® and infection is acquired via
person to person contact and waterborne
sources"”'>. The ingestion of as few as 10 cysts is
enough to cause infection in humans'.

E. histolytica is a major cause of morbidity and
mortality worldwide'* and contaminated water is a
prime source of infection in many areas'". C. caye-
tenensis is a newly identified coccidian protozoan
parasite that has also been found to be associated
with drinking water''®. The link between Micro-
sporidia infections and water contact has been
reported in various locations and there are sugges-
tions that their transmission could be through
drinking water'".

The introduction of sachet (factory bagged) water
on our markets was done in a bid to curb the pub-
lic health implications of consuming unwholesome
water in Ghana. The objective of this study was to
determine if sachet drinking water on our markets
contain any pathogenic parasitic protozoan organ-
isms.

MATERIALS AND METHODS

Twenty seven (27) brands of 500ml sachet water
samples (all produced in Accra, Ghana) were pur-
chased from roadside and market vendors in Ac-
cra. Each sample was vigorously shaken and dis-
pensed into ten 50ml sterile test tubes. The test
tubes and their contents were centrifuged at 2000
rpm for 5 minutes. The contents of each set of ten
test tubes were pooled together after the superna-
tant fluid has been discarded, and re-spun under
the same conditions. The supernatant fluid was
again discarded, and the remaining sediments were
subjected to microscopic examination.
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Wet Mounts

A drop of suspended sediments (in saline) was
placed on a slide and mixed with a drop of iodine
solution using an applicator stick. The mixture was
covered with a cover slip and examined micro-
scopically using X 10 and X 40 objective lenses '®.

Trichrome stain technique

A drop of each sediment was placed on a labelled
slide and spread in a thin uniform smear using an
applicator stick. Each slide fixed in Schaudins’s
fixative for 30 minutes. The slides were then trans-
ferred once into iodine-alcohol solution for 1
minute, then twice into 70% ethanol for 1 minute
and stained with trichrome stain for 8 minutes and
destained with acetic acid-alcohol solution for 5
seconds. The slides were dipped twice in 95%
ethanol for 2 seconds and finally into absolute
ethanol for 1 minute and transferred into xylene
for 2 minutes. A mounting medium was placed on
the slides and a cover slip was applied. Slides were
examined as for the wet mounts'”.

Modified Zielhl-Neelsen technique

Thin and uniform smears were prepared from se-
diments as was done for the trichrome stain tech-
nique and fixed in methanol for 2 minutes. The
slides were stained with cold carbol-fuchsin for 5
minutes and differentiated in 1% hydrochloric ac-
id-ethanol for 5 minutes. Slides were rinsed under
tap-water for 5 minutes and counter-stained with
0.25% malachite green. Slides were again rinsed
in tap-water for 5 minutes and drained to dry.
Slidzeos were examined using high-power objective
lens™.

RESULTS

Parasitic organisms were identified in 21/27
(77.8%) of the samples (Table 1) while 26/27
(96.3%) of the samples contained non-pathogenic
materials and various artefacts (Table 2). Infective
stages of four common protozoan pathogens were
identified (Figure 1) in the following proportions;
Microsporidia sp 14/27 (51.2%), Cryptosporidium
parvum 17/27 (63.0%), Cyclospora cayetenensis
16/27 (59.3%), Sarcocystis spp. 18/27 (66.7%).
Rotifers 5/27 (18.5%), Charcoat Leyden crystals
12/27 (44.4%) and unidentified impurities and
artifacts (96.3%) in the various water samples
(Figure 2).

The parasitic load found in the various samples
differed markedly. Over twenty nine percent
(29.6%) of the samples examined contained at
least one type of parasite, 14.8% contained at least
two types of parasites, 25.9% contained at least
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three types of parasites, while 29.6% contained
four types of parasites.

Table 1 Number of pathogenic organisms per field

per 10ul of deposits/sachet water sample

Pathogenic Organism (No/Field/10ul) under

100x
Code  Microsp  C.cayet C. Sarco Total
oridia enensis  parvum  cystis

002 30 2 2 - 34
003 50 3 20 2 75
004 20 10 - 10 40
005 50 1 5 56
006 30 5 - 2 37
007 50 1 - - 51
008 20 3 3 2 28
009 20 - 3 - 23
010 20 3 3 3 29
011 10 2 2 2 16
014 8 3 2 4 17
015 - - 2 2

016 - - 1 2 3

017 - 2 1 10 13
018 - 2 2 2 6

019 - - - 2 2

020 30 1 1 4 36
021 50 1 1 1 53
022 - - 1 2 3

025 50 1 2 1 54
026 - 1 10 2 13

*Code numbers shown in bold characters indicate samples with Ghana

Standards Board Symbol

a. . b. .
c.. d..

Figure 1 Some of the organisms found in the water
samples. a) A mixture of artifacts and spores of Micro-
sporidia. b) Rotifer. ¢) Cyclospora spp and d) Cryptos-
poridium spp. A, C and D are stained with ZN stain

64

while B is stained with Trichrome stain. Magnification
x100.

Vital information required for the protection of
consumers was lacking on some of the water sa-
chets. None of the brands had batch numbers and
all the packs had no records of the dates of manu-
facture. Contact addresses were however indicated
on all the packs and 23/27 (85.2%) of the packs
had the expiry dates printed on the sachets.

Table 2 No. of non-pathogenic organism/particles
per field per 10 pl of deposits/sachet water sample

Particle (No/Field/10ul) under x 100

Code Ro-  Charcoat Ley-  Arti- Total
tifer den Crystals fact
001 3 - 1 4
002 2 20 3 25
003 - - 6 6
004 - 10 2 12
005 - 5 10 15
006 - 1 4 5
007 - 20 6 26
008 - 2 5 7
009 - 4 4
010 - - 5 5
011 5 10 2 17
012 - - 3 3
013 - - 1 1
014 - - 5 5
015 1 - 3 3
016 1 - 4 5
017 - 1 50 51
018 - - 8 8
019 - - 2 2
020 - 2 6 8
021 - 6 10 16
022 - 2 4 6
023 - - 2 2
024 - - - 0
025 - - 6 6
026 - 1 2 3
027 - - 1 1

*Code numbers shown in bold characters indicate samples with Ghana
Standards Board Symbol

The most predominant organism identified was
Microsporidia sp. which showed up in 14/27
(52%) of the samples. High numbers of small re-
sistant spores of this pathogen were encountered in
the water samples.

Most of the samples that were noted to be conta-
minated with Microsporidia sp. were also found to
contain Cyclospora sp. while samples that were
contaminated with Cryptosporidium mostly con-
tained Sarcocystis as a second common contami-
nant (Table 1). Over five percent of the samples
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were found to be very slimy and had objectionable
odour.
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Figure 2 Frequency of organisms/artifacts in water
samples

DISCUSSION

The prevalence of water related diseases in devel-
oping countries is determined by the quality of
their drinking water. The safety of drinking water
in poor and deprived communities has in the last
decade been in jeopardy as a result of wanton in-
troduction of refuse and sewage into sources of
water supply. The introduction of the sachet drink-
ing water on the Ghanaian market was a laudable
idea but studies suggest that this innovative idea is
not risk free’.

The objective of this study was to assess the safety
of sachet drinking water for human consumption
and the possibility that it could serve as a route of
transmission of protozoan parasites has been con-
firmed. The study has revealed the occurrence of
high proportions of pathogenic and non-
pathogenic protozoan organisms in some of the
sachet water on our markets. Four protozoan pa-
thogens mainly of feacal and zoonotic origin were
identified; Microsporidia sp., Cryptosporidium
parvum, Cyclospora sp., Sarcocystis sp. Over 55%
of the samples tested contained unacceptably high
numbers of minute resistant spores of Microspori-
dia sp. This observation suggests the existence of a
significant level of contaminants in some of our
sachet water. The result of this study support the
findings of a similar study carried out in Kumasi to
determine the microbial quality of water on the
streets”.

Several factors potentially accounted for this ob-
servation, notable among these are; improper
processing and purification procedures, unhygienic
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handling after production, the small size of the
pathogens which enable them to escape filtration
and the resistance of these pathogens to physical
water treatment agents and disinfectants®’. The
presence of live Rotifers commonly found in
ponds, was a strong indication of the presence of a
high level of organic material enough to support
life and other biological activities of these organ-
isms. This could explain why some of the samples
were noted to be slimy with objectionable odour.

The organisms encountered in this study are poten-
tial pathogens associated with water related diarr-
hoea outbreaks in healthy people with devastating
presentations in the immunocompromised individ-
uals™. Characteristics of these organisms include;
the low infective dose (1-10 oocysts), the infec-
tious nature of the various oocyst of these organ-
isms immediately after excretion in faeces, the
stability of these oocysts in our environment and
the rapid rate of environmental dispersal®. All
these factors affect the dynamics of the epidemiol-
ogy of these infections in our environment.

In view of the prevalence of HIV infection in our
communities coupled with the devastating conse-
quences of these infections among immunocom-
promised individuals, it is important to raise the
general awareness of the public over the need for
safe drinking water™. This study gives belief to the
fact that the magnitude of water related parasitic
human diarrhea disease due to the intake of con-
taminated drinking water in our communities is
undoubtedly underestimated. Again from this
study, it has become clear to estimate the extent to
which contaminated drinking water contributes to
the overall disease burden of the Ghanaian popula-
tion. More attention should be focused on the iden-
tification of water related protozoan pathogens in
our drinking water since markers validated for
bacterial contamination are not appropriate for the
detection of these potential contaminants. Infec-
tions caused by these parasitic organisms should
critically be considered potential waterborne dis-
eases in our environment.

CONCLUSION

In conclusion, this study shows that some sachet
water on our markets could serve as possible
routes of transmission of protozoan parasites.

Like other countries, we need to implement meas-
ures and regulations that would critically minimize
and control the spread of waterborne diseases®.
Epidemiological and risk assessment approaches

will undoubtedly boost our understanding of the
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occurrence, survival and transport of these organ-
isms. Regardless of these measures, the possibility
for contaminated water to cause significant diseas-
es in our communities still remains due to prob-
lems associated with water purification and distri-
bution.

While standards used for the assessment of sachet
water seems to be silent on the limits of protozoa
in sachet drinking water”, we wish to recommend
further investigations on sachet water to assess
water quality at the following important levels:
before production, after production at the factories
and at the point of consumption in order to ensure
their quality and safety.
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