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Abstract

Background: Aquatic environments close to cities are frequently used as sources for water and at the same time 
overloaded with a variety of pollutants either through direct or indirect discharges of untreated wastes and sew-
age. This condition is also worsened by the indiscriminate disposal of untreated wastes and sewage vigorously 
into used water. Sewage contaminated waters are known to carry microorganisms, some of which are pathogenic 
to humans.
Aim: The aim of this study was to assess the extent of temporal and spatial levels of microbial pollution and 
sources of pollution in Lake Hawassa. 
Method: A cross-sectional study was conducted at Lake Hawassa, which was sampled twice during 2017. A total 
of 26 samples of lake water were collected from 14 stations using a boat. Entry points of incoming streams, waste 
receiving sites, and areas upstream of anthropogenic impact, recreational and bathing sites were considered. 
Microbiological characterisation was performed using selective media and basic biochemical tests. Antibiotic 
sensitivity was tested with different antibiotics using the Kirby-Bauer agar disk diffusion method.
Result: All samples were positive for pathogenic bacteria, including Gram-positive and Gram-negative bacteria. 
Enterobacteriaceae were the most common bacteria identified from the samples, including Escherichia coli, 
Salmonella spp, Shigella spp, Proteus spp and Gram-positive bacteria, such as Staphylococcus aureus. The pre-
dominant bacteria found in the samples include E. coli, which constituted 22/26 (84.6%) of the total samples, 
followed by Salmonella and Shigella spp. All bacterial isolates were resistant to penicillin and ampicillin. The 
Salmonella spp were sensitive only to norfloxacin and gentamicin.
Conclusion: A spatial variation with the occurrence of bacterial isolates has been observed. High concentrations 
and many different species were found in areas of human activities and in areas receiving direct pollutants from 
the city. This study revealed that multidrug resistant (MDR) pathogenic bacteria are found in Lake Hawassa. 
There is a possibility of outbreak of diseases associated with the isolated antibiotic-resistant pathogens for which 
the antibiotic resistance genes are transportable within aquatic bacterial communities. We recommend that the city 
administration take care of the municipal wastewater or effluents from healthcare facilities that enter the lake. It is 
also recommended that the government take steps to control anthropogenic activities near the water body.
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Water bodies located near urban areas are often 
subject to receiving untreated and partially 
treated wastewater from a variety of point and 

non-point sources with diverse microbiological composi-
tions. This poses risk to human health as a high density of 
microorganisms from diverse origins mix and may give 
rise to new antibiotic-resistant strains as a result of genetic 
exchange between the different microbes (1). 

Several studies indicate that multidrug resistant (MDR) 
micro-organisms and genes responsible for antibiotic 
resistance are common in water bodies receiving different 
categories of wastes (2–5). Specifically, there is prevalence 
of MDR microbes in coastal water bodies as a result of 
uncontrolled application of antibiotics in our present-day 
society (6). The most important source of multidrug resis-
tance in the environment appears to be the input of 
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resistant bacteria from various sources, such as healthcare 
facilities for both human and veterinary purposes (7). 

MDR microorganisms were isolated from effluents of 
the wastewater treatment plant (WWTP), which had the 
capacity of removing 99% bacteria (8). This indicates that 
the conventional water treatment plants, which are com-
monly used for municipal wastewater treatment, are not 
enough to remove them from the wastewater stream. 
Discharges from WWTPs may contribute to the release of 
antibiotic resistance genes into the environment (9–11).

Coastal regions receive wastewater from various cate-
gories of healthcare facilities with high composition of 
antibiotic residues. These residues are also present in 
domestic sewage when the residents take antibiotics to 
treat infections (12). These residues in the environment 
can select for antibiotic resistant bacteria that harbour 
mobile genetic elements, which can, in turn, be associated 
with resistance genes that are transferred to other indige-
nous microorganisms (13). For example, higher frequen-
cies of Escherichia coli isolates possessing virulence and 
antimicrobial resistance genes were observed in an urban 
site located downstream of wastewater effluent outlets 
than in other examined sites, such as St. Clair River and 
Detroit River areas, USA (4).

A study on water quality analysis in South Africa 
revealed that bacterial pathogens, which were resistant to 
several classes of  antibiotics, were isolated from a drink-
ing water distribution system (14). This implies that there 
might be a direct risk of  acquiring infections related 
to MDR microbes. These microbes were also identified 
from surface water samples near rural settlements in 
Mexico (3). 

The freshwater Lake Hawassa has no known outlet of 
water and is located adjacent to Hawassa City, with a pop-
ulation of more than 200,000 people. There is no munici-
pal wastewater treatment system in place, and there are 
several public and private healthcare facilities, factories, 
hotels and other business centres in the city. The lake 
serves as a centre for recreational boating, bathing, clothes 
washing, irrigation, drinking, and as a sink for disposal of 
domestic and industrial wastes. 

Reports show that in the catchment area of Lake 
Hawassa, there has been a reduction in natural land cover 
mainly due to the expansion of agricultural lands and 
urban areas, which resulted in environmental degradation 
and increase in the average inflow of waste into the lake. 
The quality of the water in the lake is deteriorating due to 
the entry of pollutants from the nearby agricultural lands 
and the city (15–17).

Following the increased migration from rural areas and 
nearby towns, there has been extensive land development 
near Lake Hawassa, with attendant contaminated runoff 
being a significant contribution to contamination at Lake 
Hawassa. These activities have resulted in the lake 

becoming a reservoir for MDR microorganisms, which 
can contain transmissible genes and also exhibit better 
survival potential for an extended time period under a 
wide range of changing environmental conditions. 

Multidrug resistance is defined as non-susceptibility 
to at least one agent in three or more antimicrobial cate-
gories (18). Studies related to MDR pathogens in 
Ethiopian water bodies are lacking. The current study 
aimed to determine the prevalence of  MDR pathogens, 
and their spatial and temporal variations across 
Lake Hawassa. 

Methods

Description of the study area
Lake Hawassa is located at the western shore of  Hawassa 
City, the capital city of  South Nation Nationality and 
Peoples Region. It is situated 275 km away from Addis 
Ababa. Lake Hawassa (Lat: 60 33’–70 33’ N; Long: 380 
22’–380 29’ E) is located at an altitude of  1,680 m in the 
Ethiopian Rift Valley (Fig. 1). The region is character-
ised by a dry, sub-humid climate, with a monthly mean 
minimum air temperature of  7.0–13.7°C and a maxi-
mum air temperature of  23.0–32.0°C. Surface water tem-
perature of  the lake ranged from 17.8 to 25.2°C in 
1987–1988 (19).

The Rift Valley climate is characterised by a 4-month 
dry season (November–February) and an 8-month rainy 
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Fig. 1. Water sampling locations. 
Source: Hawassa Administrative office, 2017. 
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season (March–October) (20). Rainfall is subject to vari-
ability according to altitude. In general, the plateaus over 
2,500 m above sea level (masl) receive 1,400–1,800 mm/
year, mid-altitude regions (600–2,500 masl) receive 1,000–
1,400 mm/year and coastal lowlands receive less than 200 
mm/year (21).

Lake Hawassa lacks any obvious outlet but is fed by a 
small river, the Tikur Woha. There is a regular annual fluc-
tuation in water level. In the dry season, the water level 
decreases to more than 1 m compared with rainy season 
levels (19). The water levels in lake fluctuate considerably 
over the years in response to variations in rainfall and 
evaporation. The surface area is 90 km2, the catchment 
area is 1,250 km2, the max depth is 22 m and the mean 
depth is 11 m (22). 

Lake Hawassa is the backbone of Hawassa City and 
the most important place for fishing activities in the region 
for both local and national markets. It is also used for cul-
tivation of vegetables and recreational purposes, such as 
swimming and washing of clothes. The lake has been 
receiving a huge volume of wastewater from various 
small- to large-scale industries, healthcare institutions, 
hotels and flood water from the city. 

Sampling and sample collection
The sampling was conducted twice during the year 2017. 
A total of 26 samples were collected from May 13–15 to 
November 12–15, 2017. Twelve and 14 water samples 
were collected in the first and second rounds, respectively, 
from Lake Hawassa, and were analysed in the Hawassa 
University Referral Hospital laboratory. 

Sampling equipment and procedure
Fourteen samples of lake water at 14 stations were col-
lected in clean and sterile 250 mL brown glass bottles. The 
bottles filled with sample water were then packed in 
Whirl-Pak® collection bags and transported to microbiol-
ogy laboratory (23). Entry points for incoming streams, 
waste receiving sites, and areas upstream of anthropo-
genic impact, recreational and bathing sites were consid-
ered (Fig. 1). Samples were collected in 250 mL sterile 
bottles (23), kept approximately 10 cm beneath the sur-
face of the water until full. The pre-labelled containers 
were sealed and kept on ice until they were analysed in the 
laboratory. MDR is non-susceptible to at least one agent 
in three or more antimicrobial categories (18).

Analysis 
Microbiological analyses were carried out using mannitol 
salt agar, MacConkey agar media, nutrient agar, peptone 
water and blood agar. Biochemical tests, including urea 
test, triple sugar iron (TSI), lysine agar, indole test and 
hydrogen sulfide tests, were conducted (Oxoid Basingstoke, 
UK). Antibiotic sensitivity tests were also performed 

using different antibiotics, including penicillin (10  µg), 
ampicillin (10 µg), ceftriaxone (30 µg), gentamicin (10 µg) 
and vancomycin (30 µg), using the Kirby-Bauer agar disk 
diffusion method (24). These groups of antibiotics were 
chosen because they were the most commonly prescribed 
drugs in the local hospital. 

The total colony count (TCC) of bacteria was deter-
mined using the pour plate method (25) with nutrient agar 
(Oxoid Basingstoke, UK). The water samples were seri-
ally diluted, and the plates were adequately diluted in 
duplicate. The bacteria were characterised based on the 
taxonomic system and descriptions (26).

Test for faecal coliforms and identification of E. coli
The three-tube technique with lactose broth (27) was used 
to identify coliforms to get the most probable number of 
coliform bacteria.

Faecal (thermotolerant) coliforms compose a subset 
of  total coliforms. These bacteria also grow and ferment 
lactose with production of  gas and acid at 44.5 ± 0.2°C 
within the first 48 h of  incubation on Brilliant Green Bile 
Broth (28). The contents of  these tubes were inoculated 
on eosin-methylene blue (EMB) agar and then incu-
bated. The growth of  E. coli on EMB plates was identi-
fied based on the biochemical, cultural and morphological 
characteristics (23), and the number of  E. coli was 
determined.

Results
All samples tested were positive for pathogenic bacte-
ria, including both Gram-positive and Gram-negative 
bacteria. The most common bacteria identified from 
the samples include Enterobacteriaceae: E. coli, 
Salmonella spp, Shigella spp, Proteus mirabilis and 
Gram-positive bacteria, such as S. aureus (Table 1). 
The second round of  sampling showed the highest bac-
terial concentration in the lake when comparing the 
two sampling times. 

The most common pathogenic bacteria included Gram-
negative bacteria, all belonging to Enterobacteriaceae, 
and all samples were contaminated with different 

Table 1. Species of bacteria isolated from Lake Hawassa 

Sample # Type of bacteria 
isolated 

May 13–15, 2017 Nov 12–15, 2017

N (%) = 12 N (%) = 14

1 E. coli 8 (66.6) 14 (100.0)

2 Salmonella species 6 (50.0) 12 (85.7)

3 Shigella species 4 (33.3) 8 (57.1)

5 Proteus mirabilis 2 (16.6) 7 (50.0)

6 Staphylococcus 5 (41.7) 8 (57.1)

7 Enterobacter 3 (25.0) 5 (35.7)
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bacterial  species. The most prevalent bacteria included 
Staphylococcus spp, Salmonella spp, Shigella spp, Proteus 
mirabilis and E. coli. 

The highest colony count of the study was reported at 
Tikur Woha, Amora Gedel and Greenwood inlet areas 
(Fig. 1 and Table 2).

Most organisms identified from Lake Hawassa were 
MDR. Salmonella spp were only sensitive to norfloxacin 
and gentamicin (Tables 3 and 4). 

Discussion
The results of this study reveal the prevalence of MDR 
bacteria in Lake Hawassa, which indicate that the lake 

water is polluted with antibiotic residues from the 
 wastewater of the adjacent city and nearby agricultural 
lands. Most organisms identified were MDR. The pres-
ence of antibiotic-resistant bacteria in a given environment 
could be an indication that the area is polluted with anti-
biotics (29). Environmental antibiotic concentrations may 
exert selective pressure on environmental bacteria and 
may also foster the transfer of resistance genes, helping to 
create the ‘resistome’ mixing pot of genetic antimicrobial 
resistance traits (30). Antibiotic resistance of faecal bacte-
ria in surface waters has been studied by various research-
ers from different types of surface waters, including rivers 
(4, 13, 31–33). 

The most reliable indicator of faecal contamination in 
water is commonly the presence of coliforms and E. coli 
originating from human and animal intestines. Both 
Enterobacter spp and E. coli were present in the samples 
collected. The results of this study reveal the widespread 
distribution of E. coli in aquatic ecosystems. The poten-
tial public health threat of E. coli pathotypes was found to 
originate from municipal wastewater sources (4). This 
may lead to antibiotic-resistant bacteria that harbour 
mobile genetic elements of bacteria. The mobile genetic 
elements can consecutively be associated with resistant 
genes that are transferred to other resident microorgan-
isms in the soil, water and gut ecosystems (13). 

The main reasons for lake contamination by resistant 
bacteria may be improper and unnecessary use of antimi-
crobial drugs by human beings and animals (34) and 
improper disposal of sewage from various sources of the 
city and the nearby agricultural land. The present assess-
ment of the microbial population for the antibiotic resis-
tance profile showed a high proportion of strains resistant 
to penicillin. This indicates that these medicines have been 
extensively used in the area, and the available treatment 

Table 3. Bacterial species identified from different locations and antibiotic resistance profile from Lake Hawassa, May 13–15, 2017

S# Species Site Antibiotic resistance profiles 

Vancomycin 
(VN)

Ceftriaxone 
(CRO)

Doxacilin 
(DX)

Ampicillin 
(AP)

Penicillin  
(P)

Norfloxacin 
(NOR)

Streptomycin 
(STP)

Gentamicin 
(CN)

1 E. coli Tikur Woha I - S S R

Referral Hospital S S S S

Greenwood R R R S S

Fikir Haike I R R S S

2 Salmonella spp Lewi Resort R R R S S

Loke R R R S S

3 Shigella spp Amora Gedel R R R S S

4 P. mirabilis Center of Lake 3 S R R S S

Tikur Woha S S R R S S R

5 Staphylococcus spp Haile Resort S S R R R S S R

Center of Lake 3 S S R R R S S S

Note: I, S and R refer to intermediate, sensitive and resistant. 

Table 2. Total colony count (TCC) of the water samples taken from 
different locations

Sample # Sample site First-round TCC Second-round TCC

May 13–15, 2017 Nov, 12–15, 2017

1 Tikur Woha 1.78 × 1011 2.18 × 1012

2 Amora Gedel 1.98 × 1010 3.20 × 1011

3 Referral Hospital 1.84 × 108 1.42 × 1013

4 Loke shore 1.93 × 1010

5 Lewi Resort site 3.65 × 108 9.24 × 109

6 Fikir Haik site 4.64 × 109

7 Center of Lake 1 1.40 × 108

8 Haile Resort 6.57 × 108 1.53 × 109

9 Center of Lake 2 1.20 × 108

10 Center of Lake 3 1.60 × 107 1.71 × 109

11 Center of Lake 4 1.90 × 108

12 Greenwood 2.10 × 109 1.91 × 1012

13 Near Deset (Iceland) 2.87 × 1012

14 Opposite Amora 
Gedel 

3.30 × 1011
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plants might not be removing either microorganisms or 
antibiotics properly. 

The research studies worldwide have shown that antibi-
otic resistance is a common characteristic of freshwater 
bodies. Bacteria isolated from water of the Łabędzi Pond 
in Poland are characterised by large differences in the level 
of resistance to antibiotics. Bacteria inhabiting the waters 
of the Łabędzi Pond were found to be characterised by 
multi-antibiotic resistance (35). 

Another study conducted in Emajõgi river in Estonia 
showed that isolates of several antibiotic-resistant species 
were distributed in the river (36). A similar study also 
revealed that concentrations of E. coli were generally high 
along the mainstream and tributaries, although a higher 
level of resistance in E. coli isolates at downstream sites 
was expected than the upstream sites due to high levels of 
E. coli in the downstream samples (32). 

The study was conducted in different locations of the 
lake, considering that specific sites might receive wastes 
directly while others do not. Accordingly, we have found 
that there have been variations in MDR patterns among 
sampling locations. Most of the MDR was observed in 
sampling locations where there was much human activity, 
such as Fikir Haike. This indicates that extensive, uncon-
trolled human activity near the lake leads to contamina-
tion of the site. However, in a similar study, there was no 
significant difference in antibiotic resistance profiles 
observed among the sites or between seasons. However, 
the only difference found was for resistance in E. coli 
strains to streptomycin, which was affected by the waste-
water treatment plant effluent (32).

In this study, the variations of  numbers in colony 
forming unit of  isolates have been found across seasons 
(Table 2). A larger number of  E. coli was found in the 
samples taken during November, when the lake was 
maximum full. This might be due to the entry of  runoff 

water with many pathogens as a result of  heavy rain 
prior to sampling. The lake water is being used for 
 irrigation of  small-scale agricultural farms adjacent to 
the lake. Using water containing bacteria having high 
antibiotic resistance levels is a potential public health 
risk, as well as the possibility of  transmitting antibiotic 
resistance to bacterial populations in the environment 
(32, 37).

Conclusion
This research study demonstrates and confirms that dis-
charges of wastewater from different inlets may increase 
the prevalence of pathogenic bacteria. The selected indi-
cators may give better information on the development of 
effective antibiotic resistance controls for protecting sur-
face water quality and public health. Future studies will 
discuss the effects of outlet and inlet wastewater on Lake 
Hawassa. The organisms identified in this study were 
MDR. Antibiotics, such as doxycycline and ampicillin, 
were not effective on all identified bacteria, except on few 
species of E. coli. Salmonella species were only sensitive to 
norfloxacin and gentamicin. 

Recommendation
To maintain the sustainable use of  Lake Hawassa, 
the  following recommendations have been made 
to  various concerned organisations, especially city 
administration:

•  The possible entry of untreated wastes in the lake from 
various point sources needs to be verified and 
monitored. 

•  The city administration needs to implement proper 
solid liquid waste management strategies to avoid the 
entry of drug residues and microbes in the lake during 
flooding. 

•   Installations built near the lake need to have the appro-
priate liquid waste treatment system.

•  City administration needs to put a strategy in place to 
monitor the activities of those installations. 
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