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Abstract
The 26 communities surrounding the rim of the largest Crater Lake in Africa, the Lake Bosomtwe, depend on the lake for 
livelihood support. Water sources such as lake, streams and boreholes used as drinking water sources were collected quarterly 
for a period of 2 years. These were analysed bacteriologically for the determination of total and faecal coliform, Escherichia 
coli, Aeromonas sp., Enterococcus sp., Salmonella sp., Pseudomonas sp. and total heterotrophic bacteria (THB) using mem-
brane filtration and pour plate techniques. The seasonal variations of these bacteria in the water sources were determined. 
The results showed variation of bacteria counts in all the water sources. The highest E. coli counts of 2.9 × 103 cfu/100 ml 
were recorded in the lake and the least in the borehole 2.1 × 101 cfu/100 ml. The difference between the total coliform, fae-
cal coliform and E. coli counts and the water sources was significant (p < 0.05). All the bacteria count with the exception of 
THB, in the different water sources, had higher bacteria counts during the dry season than the wet season which are statisti-
cally significant (p < 0.05). The bacteria contamination of these water sources renders them bacteriologically not suitable 
for drinking purposes; therefore, drinking these waters without any form of treatments could pose health risk to consumers. 
These water sources can, however, be used for domestic purposes.
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Introduction

Water is essential for life and the well-being of all people 
as well as an important natural resource useful for domes-
tic and developmental purposes. The quality of the water 
sources greatly impacts on the health status of the consum-
ers. Natural water systems such as lakes provide fisheries, 
flood plains, agriculture, natural services and products like 
aquifer replenishment, water quality improvement and bio-
diversity (Naiman 1992; Edmondson 1991). Lakes sup-
port transportation, recreation and other cultural amenities 
(WLVARC 2007).

Untreated surface and underground water are still com-
monly used for domestic purposes in many areas in devel-
oping countries (World Health Report 2002), and the com-
munities surrounding the rim of Lake Bosomtwe are not 

exception. Sources of water flowing into the lake include 
direct rainfall, streams, surface runoff and seepage from the 
hill slopes. Some communities surrounding the lake use it as 
a tourist centre and for recreational purpose. Most of ripar-
ian communities depend on the lake, streams and boreholes 
as their drinking water source (Amu-Mensah et al. 2014). 
Although these water sources serve a great benefit to the 
communities, they are usually under threat as a result of 
anthropogenic activities in some of the communities sur-
rounding the lake and the streams (Amu-Mensah et  al. 
2014). Furthermore, sources of contamination in the water 
resource may involve seepage from broken septic tanks, pit 
latrines and runoff water containing faecal matter, fertiliser, 
pesticide and fungicide from farm lands (Geldreich 2005; 
Hart and Zabbey 2005). According to Hunter (1997) and 
Pruss et al. (2002), water-borne diseases may account for 
one-third of the intestinal infections worldwide, while it is 
estimated that water, sanitation and hygiene are responsible 
for 40% of all deaths and 5.7% of the total disease burden 
occurring worldwide. Unsafe water is a global public health 
threat, placing persons at risk for a host of diarrhoeal and 
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other diseases as well as chemical intoxication (Hughes and 
Koplan 2005). Bacteria of interest which play a major role 
in water quality include Escherichia coli (E. coli), Salmo-
nella sp. and Vibrio cholera (Birmingham et al. 1997). These 
bacteria cause disease such as typhoid fever, diarrhoea, dys-
entery, gastroenteritis and cholera. In order to ensure and 
maintain good health, water should be of good quality meet-
ing local and WHO recommended standards (Cheesbrough 
2000).

The aim of this study was to determine the bacteriologi-
cal quality of the water sources (lake, stream and boreholes) 
used by communities surrounding the Lake Bosomtwe in 
the Bosomtwe and Bosome Freho Districts in the Ashanti 
Region of Ghana and to establish if seasonal changes in cli-
mate affect these quality issues.

Materials and methods

Study area

This research was carried out within the Lake Bosomtwe 
and surrounding communities. There are about 26 commu-
nities surrounding the rim of the Crater Lake who depend 
on it for livelihood support. Lake Bosomtwe is located in 
the Ashanti Region of Ghana within latitudes 6°28′15.11″N 

and 6°32′28.53″N and longitudes 1°24′24.06″W and 
1°26′46.30″W (Fig. 1). It is the only closed lake in Ghana 
and Africa, and the third largest closed lake in the world. 
The lake is enclosed within two administrative districts, 
Bosomtwe District and the newly created Bosome Freho 
District. The elevation of the lake surface is currently at 
97 m above MSL (assumed to be 0.0 m). The months of 
March to November are relatively humid with rainfall sat-
isfying evapotranspiration rates from a minimum of 71% 
to a maximum of 197%. A significant amount of rainwater 
runoff over the land occurs in these months. Monthly mean 
temperatures range from 30 °C in March to about 24 °C in 
August, and relative humidity varies from 90 to 95% in the 
rainy season, to 75 to 80% in the dry season. Rainfall deficits 
occur in the region because of the high evapotranspiration 
rates that occur in November to March.

Sample collection

A total of 222 water samples were collected from three water 
sources. These sources were: 126 lake samples from 24 sur-
rounding communities (Abono, Krobo, Ɔbo Nsebi, Brodek-
wano, Nkwawi, Esisriwa Dadeimu, Mmbemu, Pepie, Abrod-
wom, Konkonba Dadeimu, Agyamanmu, Amakom, Adwafo, 
Abease, Rainbow, Esaase, Apewu, Dompa, Duase, Detieso, 
middle of lake and Ankaase), 80 borehole samples from 

Fig. 1  Map of study area
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randomly selected 16 communities (Detieso, Dompa, Agy-
amanmu, Duase, Amakom, Apewu, Adwafo, Brodekwano, 
Pipie, Ɔbu Nsebi, Abono, Abease, Abrodwom, Ankaase, 
Esaase and Nkwawie) and 16 stream samples from three 
communities (Abono bɔ stream (upstream and downstream) 
at Abono, Nana Abrewa stream at Apewu and Atafram 
stream at Ankaase). Sampling was conducted from 2012 to 
2014. The collection spans from dry to wet seasons. All 
samples were aseptically collected in well-labelled 500-ml 
sterilised bottles and were transported at 4 °C (in a cool box 
with ice) to the CSIR-Water Research Institute Microbiology 
Laboratory for bacteria examination. All water samples were 
analysed within 24 h of collection.

Bacteriological analysis

All analyses were carried out aseptically, and this followed 
the standard methods as described in APHA (2012).

The bacteriological analysis of the water samples from 
the lake and streams was performed for the presence of coli-
form bacteria, total and faecal coliform, E. coli, Aeromonas 
sp, Enterococcus sp. (these bacteria can survive longer 
in adverse environmental conditions due to their bacte-
rial membrane and can cause Enterococcal infections that 
include urinary tract infections, hepatobiliary sepsis, endo-
carditis, surgical wound infection, bacteraemia and neonatal 
sepsis), Salmonella sp., Pseudomonas sp. (these are oppor-
tunistic pathogen found in moist environments such as soil, 
water as well as on vegetation and can cause urinary tract 
infections in immunocompromised individuals) and total 
heterotrophic bacteria (THB).

Total coliform, faecal coliform, E. coli and total hetero-
trophic bacteria tests were conducted on the borehole sam-
ples. Membrane filtration and pour plate techniques were 
employed in analysing the water samples. Aliquots of 100 ml 
each of water samples were separately filtered through 
0.45-μm-pore-size membrane filters. Determination of total 
coliform, E. coli and faecal coliform was undertaken by 
placing the filter on Hicrome (Difco) Media in Petri dishes 
and incubated at 37 ± 0.5 °C and 44 °C for 16–24 h, respec-
tively. Salmonella sp., Pseudomonas sp. and Aeromonas sp. 
were determined by placing the filter on SS agar, Cetrim-
ide and Aeromonas media, respectively, in Petri dishes and 
incubating at 37 ± 0.5 °C, for 16–24 h. Slanetz and Bartley 
medium was used for the determination of Enterococcus spp. 
and was incubated at 44 °C ± 0.5 °C for 48 h. Total hetero-
trophic bacteria were determined by the pour plate technique 
using aliquot of 1 ml of water sample on nutrient agar and 
incubating at 37 ± 0.5 °C for 48 h. Colonies were counted 
with the aid of colony counter, and numbers were expressed 
as coliform forming unit (cfu) per 100 ml for membrane 

filtration and cfu per 1 ml for pour plate technique (APHA 
2012).

Statistical analysis

Data obtained were subjected to statistical analysis using 
SPSS statistical package version 20. Geometric means of 
bacterial counts were computed and presented in table. 
Analysis of variance (ANOVA) and non-parametric test (i.e. 
Kruskal–Wallis test) were used to determine differences in 
bacterial count from various sampling points at 95% level 
of significance.

Results and discussion

All the water sources contained bacteria in various counts. 
Table 1 shows the range and mean values of total coliform, 
faecal coliform, E. coli, Aeromonas spp., Enterococcus 
spp., Salmonella spp., Pseudomonas spp. and total hetero-
trophic bacteria counts of lake, stream and borehole water 
samples over the study period. The presence of faecal coli-
form bacteria and E. coli in water gives an indication of 
faecal contamination by warm-blooded animals (Latha and 
Mohan 2013). Their occurrence may indicate the presence 
of other pathogens responsible for infectious diseases such 
as cholera, gastroenteritis, dysentery and typhoid fever 
after ingestion of contaminated water. Aeromonas spp. 
were recorded in the lake throughout the study period. 
These bacteria are found in lakes, rivers, marine waters, 
sewage effluents and drinking waters and are known poten-
tial agent of gastroenteritis, septicaemia, meningitis, res-
piratory as well as urinary tract infections particularly in 
immunocompromised individuals and children < 5 years. 
Also, contact with Aeromonas spp. contaminated water 
can cause skin inflammations such as cellulites, ulcers, 
eczema and mionecrosis (Krovacek et al. 1992; Legnani 
et al. 1998). The mean highest total coliform counts were 
recorded in the stream samples (2.6 × 103 cfu/100 ml), 
while the least count occurred in the borehole samples 
(3.2 × 102  cfu/100  ml). The E. coli count for the lake 
samples ranged from < 1 to 5.4 × 103 cfu/100 ml with a 
mean value of 2.9 × 103 cfu/100 ml, while in the borehole 
samples, it ranged from < 1 to 6 × 101 cfu/100 ml with 
a mean value of 2.1 × 101 cfu/100 ml. Also, 44% of the 
sampling sites had counts within the acceptable limit of 
0 cfu/100 ml for drinking purpose. Stream samples ranged 
from 2 × 103 to 4.2 × 103 cfu/100 ml with a mean value 
of 1.1 × 103 cfu/100 ml. The highest bacteria count in all 
the water sources was recorded in the stream samples fol-
lowed by the lake and then borehole, which recorded the 
least counts. The high bacteria counts recorded in the lake 
could be attributed to the rapid increase in population and 
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developmental projects such as construction of hotels, 
tourist lodges and other tourist facilities around the lake, in 
the last decade, coupled with discharge of untreated waste 
from these facilities. These and other anthropogenic activi-
ties such as swimming by both humans and animals, wash-
ing of clothes and domestic utensils and rearing of animals 
close to the lake as indicated by Latha and Mohan (2013) 
in their study in India could contribute to the contamina-
tion. The mean total heterotrophic bacteria (THB) counts 
of all the water sources were generally above the Ghana 
Standard limit of 500 cfu/1 ml accepted for drinking water. 
Mean values of THB count recorded in the water samples 
were 2.0 × 103 cfu/ml, 2.7 × 103 cfu/ml and 1.7 × 103 cfu/
ml in lake, borehole and stream, respectively. The high 
bacteria counts in the lake samples could be attributed 
to its large surface and its function as a sink, collecting 
pollutants and therefore exposing it to contamination 
through runoffs, anthropogenic activities such as swim-
ming, washing of clothes, fishing net and cooking utensils 
(Amu-Mensah et al. 2014). The concentration of piggeries, 
free-range chickens and dogs may also account for the high 
bacteria count in the lake. Furthermore, direct discharge of 
untreated wastewater from some guest houses and resorts 

centres along the fringes of the lake could contribute to 
the bacteria contamination (Amu-Mensah et al. 2014). In 
effect, consumers of this contaminated water sources are 
prone to water-borne diseases such as diarrhoea, cholera, 
etc.

The bacteriological quality of the borehole was relatively 
far better than the lake and the stream. In general, signifi-
cant differences were observed in the total coliform, faecal 
coliform and E. coli counts between the water sources, espe-
cially between the borehole and the other two water sources. 
The difference in the faecal coliform counts between the 
three water sources was statistically significant (p < 0.05), 
while the difference in total coliform and E. coli counts 
between the lake and stream was not significant (p > 0.05). 
This could be attributed to the exposure of the streams and 
the lakes to pollution from runoff and other anthropogenic 
activities.

The mean counts of each bacteria (E. coli, total coliform, 
faecal coliform and THB) recorded in the water samples 
irrespective of its source were above the Ghana Standard 
Authority (GSA) recommended level and WHO guide-
line for drinking water of 0 cfu/100 ml for all the bacteria 

Table 1  Bacteria counts in the 
three water sources

Means computed are geometric means

Bacteria type (units of measure) Statistic Bacterial count in source of water

Lake Borehole Stream

Total coliform (cfu/100 ml) Mean 2.3 × 103 3.2 × 102 2.6 × 103

Minimum < 1 < 1 1.7 × 102

Maximum 9.3 × 103 2.3 × 103 6.5 × 103

Faecal coliform (cfu/100 ml) Mean 6.0 × 102 2.1 × 101 1.1 × 103

Minimum < 1 < 1 2.0 × 100

Maximum 4.2 × 103 1.9 × 102 4.2 × 103

E. coli (cfu/100 ml) Mean 2.9 × 102 1.8 × 100 3.2 × 102

Minimum < 1 < 1 2.0 × 100

Maximum 3.3 × 103 6.0 × 101 1.4 × 103

Aeromonas sp. (cfu/100 ml) Mean 1.4 × 101 – 5.0 × 101

Minimum < 1 < 1
Maximum 3.7 × 102 5.6 × 102

Pseudomonas sp. (cfu/100 ml) Mean 2.0 × 103 – 2.4 × 103

Minimum < 1 3.8 × 101

Maximum 1.0 × 104 8.4 × 103

Salmonella sp. (cfu/100 ml) Mean 9.8 × 102 – 1.2 × 103

Minimum < 1 < 1
Maximum 8.4 × 103 9.8 × 103

Enterococcus sp. (cfu/100 ml) Mean 9.2 × 102 – 1.9 × 103

Minimum < 1 8.0 × 100

Maximum 5.6 × 103 5.6 × 103

Total heterotrophic bacteria (cfu/1 ml) Mean 2.0 × 103 2.7 × 103 1.7 × 103

Minimum 1.1 × 101 1.0 × 100 1.4 × 102

Maximum 6.3 × 103 7.0 × 103 3.7 × 103
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analysed and < 500 cfu/ml (2.69 log cfu/1 ml) for THB 
according to the Ghana Standards Authority (Figs. 2, 3).  

Seasonal variation of the bacteria counts was observed 
in the water sources. High and significant bacteria counts 
of total coliform (p = 0.035), E. coli (p = 0.017) and faecal 
coliform (p = 0.003) were recorded during the dry season 
(Fig. 4). The environmental conditions coupled with the 
presence of stagnant water around some of the boreholes 
could contribute to these counts as the condition favours 
bacteria growth. This result is in agreement with studies con-
ducted by Odonkor and Addo (2013) on borehole sources in 

rural Ghanaian communities. However, high and significant 
(p = 0.008) total heterotrophic bacteria counts were recorded 
during the wet season. This corroborate finding by Obafemi 
et al. (2018) (Fig. 5).

On the contrary, higher bacteria counts with the excep-
tion of Enterococcus sp. and THB were recorded during the 
wet season in the stream samples than the major dry and 
minor dry seasons. These differences were, however, sig-
nificant for only faecal coliform (p = 0.031) and Salmonella 
sp. (p = 0.040).

With the exception of E. coli and faecal coliform which 
showed a significant difference between the various sampling 

Fig. 2  Seasonal variations of TC in water

Fig. 3  Seasonal variations of Salmonella sp. in water

Fig. 4  Seasonal variations of E. coli in water sources

Fig. 5  Seasonal variations of THB in water sources
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points around the lake, all the bacterial counts did not show 
any significant difference of bacteria counts between the 
various sampling points. This in effect indicates a uniform 
distribution of bacteria in the lake. Generally, there were sig-
nificant differences in the bacteria counts in the lake samples 
between the three seasons (major dry, minor dry and major 
wet). This difference was between the minor dry and major 
wet as well as minor dry and major dry (Figs. 2, 3).

Although, there could be the presence of other pathogens 
such as viruses, protozoa or helminths eggs in the water 
sources which can pose health risk to consumers, these path-
ogens were not considered in this study because of logistics.

Conclusion

From the study, the water sources used by the communities 
around the Bosomtwe lake are contaminated with bacteria 
and are bacteriologically unsafe to be used as a drinking 
water source without any form of treatment such as boiling 
and chlorination, especially with the borehole source. The 
borehole source was, however, of a relatively good quality 
than the other two sources. Generally, high bacteria counts 
were recorded in the lake and stream water sources during 
the wet season largely as a result of pollution from runoff.
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