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ABSTRACT

The study was conducted to determine the occurrence of E. coli in drinking water sources used
by humans and farm animals in Nyankpala community of Ghana. Isolation of E. coli was done
using a slightly modified procedure in the US Food and Drug Administration-Bacteriological
Analysis Manual (FDA-BAM). A total of 200 water samples collected from six different water
sources viz. sachet water (four different brands), tap water, well water, dam water, bottle water and
water from the drinking troughs (drinkers) of farm animals were analysed. The average occurrence
of E. coli in the different water samples was 58 (29%). The highest occurrence of E. coli was in well
water 100% (20/20), followed by water from drinkers 80% (12/15), dam water 65% (13/20), rain
water 50% (10/20) and tap water 10% (3/25). All sachet (0/80) and bottle water (0/20) samples were
negative for E. coli. The number of well water samples positive for E. coli was significantly higher
(p<0.01) than that of dam water, sachet water, rain water and tap water. This work indicated that
some drinking water samples (well, drinkers, dam, rain water and tap water) in the Nyankpala
Community of Ghana are contaminated with E. coli and thus humans and farm animals are at risk
of foodborne infections from drinking water from such sources.
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INTRODUCTION

Safe water is one of the most important felt needs in public health in the twenty first
century (Sobsey and Bartram, 2003). Visually clear and colorless drinking water is acceptable.
However, it should also be safe and free from chemical toxin and pathogenic microorganism
(Maheshwari, 2008). Escherichia coli are widely distributed in the gastro-intestine tract of humans,
pests, ruminants, non-ruminants and wild animal, where they are known to live as commensals
(Feng and Weagant, 2009; Frederick, 2011). They are gram negative facultative anaerobic bacteria
(Feng and Weagant, 2009; Anonymous, 2012). They are also from the family Enterobacteriaceae
and ferments glucose or lactose (Feng and Weagant, 2009; CDC., 2014a). Although most E. coli live
in commensalism with their host, pathogenic E. coli strains exit and normally cause hemolytic
uremic syndrome that can be fatal (Feng and Weagant, 2009; Anonymous, 2012; CDC., 2014a).

Escherichia coli have been isolated from humans, farm animals, wild animals, milk, water
and environmental samples some of which have been responsible for foodborne illnesses and
deaths (El Zubeir and Ahmed, 2007; Surendraraj et al., 2009; Adzitey et al., 2010, 2011, 2012, 2013,
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2014; Islam et al., 2011; Geidam et al., 2012; CDC., 2014a, b; Carnot et al., 2014). Through poor
processing and handling of foods or farm animals E. coli can cross contaminate a variety of sources
including drinking water. Humans and farm animals can get E. coli infection by drinking water
from such sources.

No work has been done on the occurrence of E. coli in drinking water samples in Nyankpala.
Therefore, this work was carried out to find out whether E. coli is present or absent in drinking
water sources for humans and farm animals in Nyankpala.

MATERIALS AND METHODS

Collection of sample: The study was carried out in the Nyankpala Community of the Northern
Region of Ghana. Two hundred water samples were randomly collected from six different water
sources within the Nyankpala community. The water sources were sachet water (four different
brands, n =20 each), bottle water (n = 20), tap water (n = 25), rain water (n = 20), well water
(n =20), dam water (n = 20) and water from the drinking troughs of poultry and ruminant (n = 15)
were analysed for E. coli. The study was conducted between August 2013-January 2014.

Isolation and identification of E. coli: Bacteriological analysis of E. coli was done according to
the procedures in the US food and drug administration-Bacteriological Analysis Manual
(FDA-BAM). Five hundred milliliter of the various water samples were obtained and thoroughly
mixed. One milliliter of water was taken from the 500 mL and transferred into 9 mL of EE Broth.
It was then incubated at 37°C for 24 h under aerobic condition. After which a loopful of the enriched
culture from EE broth was streaked onto LEMB Agar and incubated at 37°C for 24 h under aerobic
condition. Presumptive E. coli colonies on LEMB Agar appear as dark centered and flat, with or
without metallic sheen. Presumptive E. coli were picked and streaked onto nutrient agar and
incubated at 37°C for 24 h under aerobic condition for purification to obtain a pure culture. Pure
cultures were identified and/or confirmed using gram staining, E. coli latex agglutination test and
biochemical tests (indole production, utilization of citrate and lactose production).

Statistical analysis: The data obtained was analysed using generalized linear model of Statistical
Package for the Social Sciences (SPSS) Version 17.

RESULTS AND DISCUSSION

This is the first report on the prevalence of E. coli in drinking water sources in Nyankpala,
Ghana. The prevalence of E. coli in drinking water sources for humans and farm animals in the
Nyankpala Community of Ghana is presented in Table 1. Out of the 200 water samples examined,
58 (29%) samples were positive for E. coli. All well water samples (100%) were positive for E. coli
and was significantly higher (p<0.01) than that of dam water, sachet water, rain water and tap
water. Water samples collected from drinkers (80%), dams (65%), rain (50%) and tap (12%) were
also positive for E. coli as shown in Table 1. Positive samples from drinkers did not differ
significantly (p>0.05) from those obtained from well water and dam water, but differed significantly
(p<0.05) from rain water, tap water, bottle water and sachet water.

Furthermore, positive samples from dam and rain did not differ significantly (p>0.05) from each
other but differed significantly (p<0.001) from well, tap water, sachet water and bottle water.
E. coli were not isolated from all the four brands of sachet and bottle water analysed. The
non-occurrence of E. coli in the sachet and bottle water may be as a result of the addition of
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Table 1: Occurrence of Escherichia coli in drinking water for humans and farm animals in Nyankpala Community of Ghana

Water samples No. of tested No. of positives Prevalence (%) Overall prevalence (%)
Well 1 5 5 100 100
Well 2 5 5 100

Well 3 5 5 100

Well 4 5 5 100

Water from drinkers (poultry farmer 1) 5 5 100 80
Water from drinkers (poultry farmer 2) 5 4 80

Water from drinkers (cattle farmer) 5 3 60

Dam 1 4 4 100 65
Dam 2 4 2 50

Dam 3 4 2 50

Dam 4 4 1 25

Dam 5 4 4 100

Rain water stored in tank 1 5 5 100 50
Rain water stored in tank 2 5 5 100

Rain water collected directly from the sky 5 0 0

Rain water collected from roof 5 0 0

Tap water from areal 5 3 60 12
Tap water from area 2 5 0 0

Tap water from area 3 5 0 0

Tap water from area 4 5 0 0

Tap water from area 5 5 0 0

Sachet water 1 20 0 0 0
Sachet water 2 20 0 0

Sachet water 3 20 0 0

Sachet water 4 20 0 0

Bottle water 1 5 0 0 0
Bottle water 2 5 0 0

Bottle water 3 5 0 0

Bottle water 4 5 0 0

Total 200 58 29 29

chlorine, proper filtration, good hygiene and treatment during production. This supports the
finding that E. coli are more sensitive to chlorine (Payment, 1999). WHO (2002) stated that the
level of E. coli or thermo-tolerant bacteria should be zero in a 100 mL. sample of water directly
intended for drinking, as such all the bottle and sachet water sample analysed are suitable for
human consumption.

Coliform such as E. coli have been widely used as indicator of the microbiological quality of
surface and ground waters (Ahmed et al., 2005), thus the presence of coliform is an index of
bacteriological quality of water. The isolation of coliform especially E. coli from water sources is
attributable to contamination by human and animal origin and this is of health significance as
these organisms have generally been agent of gastroenteritis in humans (Ahmed et al., 2005). The
tap water found positive might have been contaminated by water hoses connected to the tap, which
was normally left on the ground after used and reused without cleaning. Also the source of
contamination might have come from the point of treatment, point of distribution, or leaking
water pipes since the tap water was allowed to flow for 5 min before the sample was taken.
Garba et al. (2009) stated that tap water, which ought to be treated, must have been contaminated
as a result of non-treatment, poor water treatment or as a result of leaky water pipes, which are
buried in municipal drainage systems thus getting contaminated.

The rain water samples found to be contaminated with E. coli were obtained from rain water
stored in tanks. This water samples might have been contaminated by the containers used for
fetching the water because during sample collection it was observed that the container used for
fetching water were normally left on the ground after use. The containers could easily be
contaminated with fecal matter since animals were reared around the homes. But the other 10
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samples for which five were obtained directly from the sky and the other five from the roof when
it was raining, did not record any E. coli positives. The results obtained however, met the WHO
standard for quality drinking water which stated that the level of E. coli or thermo-tolerant
bacteria should be zero in a 100 mL sample of water directly intended for drinking. Thus
microbiologically, rain water is safe for drinking.

Four samples each was taken from five different dams (D1, D2, D3, D4 and D5). All samples
collected from D1 and D5 were contaminated. This may be due to the close nature of these dams
to human habitant. Animals reared around these dams also drink from it and they may defecate
in it during drinking thereby, contaminating it. Studies have shown that surface and groundwater
contamination by fecal pathogens generally occur through surface run-off, leaching and direct fecal
deposition into the water bodies via several livestock production activities like confined animal
feedlot, free range system, abattoir wastes, land spreading of manure etc (Kuczynska et al., 2005).

Of the 15 water samples collected from drinkers, 12 were positive for E. coli. This may be
attributed to the drinking and feeding activities of the birds and the ruminants. He et al. (2007)
reported that pathogenic E. coli can be introduced into poultry flocks through contaminated water
and its presence in drinking water is considered indicative of faecal contamination.

The high occurrence of contamination in the well may be attributed to the shallow nature of
the well. Animal waste and rubbish were observed around the homes during sample collection. This
could move into the well by running water when it rains. This however, supports the findings that
during rain, faecal substances get mixed with water and by flooding; these substances are
discharged into shallow wells. Observations show that the containers used for fetching water from
the well were not hygienic and the wells were not covered properly.

This work is also comparable to that of other researchers. Duwiejuah et al. (2013) analysed
sachet water samples in the Tamale Metropolis and found no E. coli in them. Ezeugwunne et al.
(2009) found E. coli (36%) in sachet water samples. In this study we found no E. coli in the sachet
water samples. Garba et al. (2009) isolated 63 E. coli isolates from water samples. They also
reported a prevalence of 45.5, 23.3 and 13.3% in well water, tap water and packaged water,
respectively. Positive samples from wells in this study were higher than that of Garba et al. (2009)
but the positive samples from tap water was lower in this study compared to that of Garba et al.
(2009). Momtaz et al. (2013) examined 448 water samples for E. coli and found 34 (7.58%) samples
to be positive for E. coli. They also detected E. coli in 8 (2.63%) of 304 samples of bottled drinking
water. We did not find any E. coli in bottled water but isolated E. coli from some of the water
samples examined.

CONCLUSION

This study gives base line information about the occurrence of E. coli in drinking water sources
for humans and farm animals in the Nyankpala Community of Ghana. It is recommended that
more stringent measures be put in place both by the water company and homes to curb the spread
of E. coli in water.
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