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Introduction
Water is essential for life and plays a crucial role in the world’s 
economic development. Water sources can be of different type, 
including surface water (rivers, springs, and lakes), oceans, rain 
water, ground water and ice and snow. Drinking water is pri-
marily obtained from two main sources: surface waters and 
groundwater. These water sources can be contaminated with 
geogenic, anthropogenic, and microbial contaminants. Natural 
factors like geology and geochemical processes also affect 
groundwater quality. Geogenic sources, in particular, signifi-
cantly influence the chemical composition of groundwater, 
which can vary over time and across different regions (Davraz 
& Batur, 2021; Kazemi et al., 2022; Sener et al., 2022; Varol & 
Sekerci, 2018).

Groundwater contamination is increasing due to rapid pop-
ulation growth, urbanization, and economic development (Li 
et al., 2021; Zhang et al., 2019). Water sources can be contami-
nated with point and non-point sources including animal 
waste, sewage, septic tanks, and improperly disposed solid 
waste in open fields. Industrial wastewater and agricultural 
activities also contribute to chemical pollution (Al-Tabbal & 
Al-Zboon, 2012; Napacho & Manyele, 2010). Additionally, 
Climate change threatens water source quality by escalating 
pollutant and sediment runoff, lowering water availability 
through drought and saltwater intrusion, and impeding efforts 
to maintain water quality, which is essential to meet basic 
human needs (Dao et al., 2023; UN-Water, 2020).

Access to safe drinking water is a fundamental human right 
and essential for good health. However, freshwater is scarce in 

many regions across the globe. The availability of safe drinking 
water and adequate sanitation is a worldwide concern, particu-
larly in developing countries like Ethiopia, where establishing 
reliable sources of clean drinking water and proper sanitation 
services has been a challenge (WHO, 2006). Many people still 
rely on vulnerable water sources such as rivers, springs, streams, 
and hand-dug wells, which are often exposed to flooding and 
contamination from human, animal, and bird waste. 
Additionally, human activities contribute to changes in the 
physical or chemical properties of these water bodies (Aremu 
et  al., 2011). Surface water is often considered much dirtier 
than groundwater. However, groundwater quality is influenced 
by a variety of factors, including the discharge of industrial, 
agricultural, and domestic wastewater, land use practices, geo-
logical formations, rainfall patterns, and infiltration rates 
(Al-Tabbal & Al-Zboon, 2012). The main objective of hydro-
chemical testing is to gain a deeper understanding of the natu-
ral and human-induced processes that impact groundwater 
quality, helping to assess whether the observed water quality is 
suitable for its intended use.

Assessing water quality in urban environments is crucial for 
sustainable management and supply, especially in developing 
countries. Monitoring water quality is vital to evaluate spatial 
and temporal variations, which aids in effective water manage-
ment and pollution control (Melo et al., 2020). Globally, not 
everyone has access to safe drinking water. According to the 
WHO, around 785 million people lack basic drinking water 
services, and over 2 billion people consume water contami-
nated with feces. This contamination can lead to transmissible 
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diseases such as diarrhea, cholera, dysentery, typhoid, hepatitis 
A, and polio (UN-Water, 2021).

The Central Statistical Agency of Ethiopia (2017) reported 
that 66% of the Ethiopian population relies on drinking water 
from improved sources, such as protected springs, tube wells, 
and dug wells, with access varying depending on the location. 
Over 60% of communicable diseases in Ethiopia are attributed 
to poor environmental health conditions, which stem from 
unsafe and inadequate water supplies, as well as poor hygiene 
and sanitation practices (UNICEF Ethiopia, 2018). 
Approximately 80% of the rural population and 20% of the 
urban population lack access to safe drinking water. According 
to Ethiopia’s Ministry of Health, 6,000 children die each day 
from diarrhea and dehydration (UNICEF Ethiopia, 2018).

Bahir Dar city is indeed known for its natural beauty and 
serves as a hub for many tourist attractions in the Amhara 
Region of Ethiopia. The city is located near Lake Tana, the larg-
est lake in Ethiopia, and the Blue Nile River, which contributes 
to its scenic landscapes. It is home to various historical sites, 
monasteries, and the stunning Blue Nile Falls. The city has been 
undergoing swift population growth and industrial expansion, 
presenting both opportunities and challenges. One challenge is 
the production of significant amounts of solid and liquid waste, 
for which the city lacks effective management systems. This 
waste may seep into the groundwater or contaminate nearby sur-
face water bodies. Since the city’s water supply comes from 
groundwater and springs, it is at risk of being polluted. Thus, the 
aim of this study was to evaluate the physicochemical and bacte-
riological quality of the water sources used in Bahir Dar City.

Materials and Methods
Description of the study area

This study was conducted in the capital city of Amhara 
National Regional State (ANRS) Bahir Dar, in Northwest 
Ethiopia from March to July 2021. Bahir Dar city is located at 
11°36″North latitudes and 37°23″East longitudes (Figure 1). 

The city’s name Bahir Dar means on shore or situated close to 
water. As its name refers, Bahir Dar is located on the shore of 
Lake Tana and Abbay River. The city’s landscape consists 
mainly of flat plains, interspersed with a few scattered hills. 
Bahir Dar, located in this terrain, has an elevation ranging from 
approximately 1,786 m at the shore of Lake Tana to 1,886 m at 
the top of Bezawit Hill above sea level (Kasim et  al., 2018). 
The weather shows high temperature from March to May and 
high rainfall from June to August. Bahir Dar is one of the fast-
growing cities in the country with population number esti-
mated to be 455,901 in 2022.

Water sample collection and preservation

Water samples were collected from three spring water sources 
and twelve boreholes in the water sources of Bahir Dar City 
using properly cleaned and rinsed high-density polyethylene 
(HDP) plastic bottles (Figure 1). The samples were gathered 
during both the dry and wet seasons. For physicochemical 
analysis, the HDP bottles were first washed with detergent and 
tap water, soaked in 5% (v/v) nitric acid for 24 hr, and then 
rinsed with distilled water. The bottles were then air-dried, 
sealed with screw caps, and prepared for sample collection. 
Sterilized HDP plastic bottles were used for bacteriological 
analysis. After sample collection, the bottles were accurately 
labeled with details such as the abbreviated name, date, loca-
tion, and collection time. They were stored in an icebox and 
transported to the laboratory. Bacteriological analysis com-
menced as soon as the samples reached the lab on the same day. 
For physicochemical analysis, the samples were kept in a refrig-
erator at 4°C in the dark until the analysis was completed 
within 24 hr (APHA, 2017).

Water sample analysis

Water samples were analyzed according to the standard proce-
dures outlined by APHA (2017). pH, electrical conductivity 

Figure 1.  Map of the study area (a) and water sample collection sites (b).
Note. AW = Arekiwuha; LW = Lomiwuha; TW = Tikurwuha; TK = Tsehaykelem; AR = Agrostone; GB = Gudobahir; CH = Cherechera; AS = Addisu Stadium; MO = Moenco.
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(EC), and total dissolved solids (TDS) were measured directly 
at the sampling site. Temperature and pH were determined 
using pH meter ( Jenway Model 370, England) after calibra-
tion with standard buffer solutions of pH 4, 7, and 10. EC and 
TDS were measured with a conductivity meter (CC-401, 
Poland) following calibration with a standard KCl solution. 
Turbidity was determined using a turbidity meter (H193703, 
Hungary), calibrated with standards ranging from 0 to 
100 NTU. Fluoride, nitrate, phosphate, total hardness, and 
total alkalinity were measured using Palin test tablets with a 
7100 photometer at specific wavelengths, applying the colori-
metric method after blanking the samples. Each physicochem-
ical measurement was conducted in triplicate, and the mean 
values along with their standard deviations were recorded.

Fecal and total coliforms in the water samples were ana-
lyzed using the membrane filtration method (APHA, 2017). A 
100 mL portion from each water sample was filtered through a 
membrane with a 0.45 µm pore size using a vacuum pump. The 
filters were then placed in sterilized Petri dishes containing 
absorbent pads soaked in Lauryl Sulphate Broth. The Petri 
dishes were initially incubated at 37°C for 4 hr to revive physi-
ologically stressed coliforms. For fecal and total coliform analy-
sis, the samples were then incubated at 44°C and 37°C, 
respectively, for 24 hr. Bacterial growth was observed, and the 
colonies were counted. For colonies that were not visible to the 
naked eye, a desktop Colony Counter (CC-J2) was utilized to 
assist in the counting process.

Data analysis.  The data for all parameters were analyzed using 
SPSS software version 27 and Microsoft Excel. Descriptive 
statistics like mean, standard deviation and range were used to 
describe the findings. To determine significant differences in 
water quality parameters across the sampling sites, a one-way 
ANOVA was employed. The analysis results were then com-
pared with WHO and Ethiopian drinking water quality guide-
lines and standards, considering chemical, microbiological, and 
acceptability aspects such as taste, odor, and appearance.

Results and Discussion
Physicochemical analysis

Temperature.  The temperature of water sources in Bahir Dar 
City varied from 24°C to 26.8°C (mean = 26.047 ± 0.71°C) 
during the dry season and from 19.9°C to 21.7°C 
(mean = 0.527 ± 0.586°C) during the wet season. The higher 
water temperature observed in the dry season compared to the 
wet season is attributed to the overall warmer conditions dur-
ing that time. Water temperature has no objectionable guide-
line, but an increase in temperature can favor for biological 
activities and affect the quality of the water. This study aligns 
with the findings of Montoya-Pachongo et  al. (2018), who 
reported a mean drinking water temperature of 26°C. Addi-
tionally, Eriksson (2012) reported a maximum temperature of 
24.2°C for hand-dug well drinking water in the Koga irrigation 

area, and Horgby and Larson (2013) recorded 22.2°C for the 
same water source.

pH

The pH values of water sources in Bahir Dar city ranged from 
6.47 to 8.97 (mean = 7.03 ± 0.58) in dry season and 6.7 to 8.74 
(mean = 7.13 ± 0.476) in wet season (Figure 2(a)). The results 
indicated that 93.3 % the existing water sources in Bahir Dar 
City fell within the WHO recommended pH range of 6.5 to 
8.5 (WHO, 2011). Daghara et al. (2019) reported pH values of 
drinking Water from springs in Palestine in the range of 7.08 
to 8.19. In Ethiopia, Eriksson (2012) reported pH values rang-
ing from 7.3 to 7.4 in hand-dug well drinking water samples 
from the Koga irrigation area. Yasin et al. (2015) also reported 
pH values in the range of 5.64 to 8.14 in the water sources of 
Jimma Zone, and Duressa et al. (2019) also reported pH values 
in the range of 6.8 to 7.03 in the water sources of Nekemte, 
Ethiopia. The Mean pH values of the water samples were 
within the safe range for drinking water quality. Statistically, 
there is no significance difference in mean values of pH in the 
water sources used in Bahir Dar City.

Turbidity

The turbidity level of water samples collected both in the dry 
and wet seasons are shown in Figure 2(b). Both in the wet and 
dry seasons, the turbidity values of water samples were in the 
range of 1.1 to 10.8 NTU. The maximum turbidity value was 
observed at MO (10.8 NTU) and the lowest turbidity value 
was observed at CH-5(1.1 NTU) in the wet season. Statistically, 
there was a significant difference in the mean turbidity values 
at the sampling sites (p < 0.05). Turbidity values were higher 
during the wet season compared to the dry season. This might 
be infiltration of surface run offs into the wells. All the turbid-
ity values obtained at the sampling sites were beyond the maxi-
mum allowable permissible limit set by WHO (2011) and 
Ethiopian Standard (2001), which is 5 NTU (WHO, 2011). 
Yasin et al. (2015) reported that the turbidity of water sources 
of Jimma zone in Ethiopia in the range of 1.87 to 24.22 NTU. 
In this study about 29% of the analyzed samples were above the 
WHO water quality standards. This higher turbidity in the 
water, especially in the wet season may produce good condition 
for bacterial attachment and growth that can affect the health 
of the consumers.

Electrical conductivity (EC)

EC is the ability of a solution to carry an electrical current. 
Conductivity is an important component in determining water 
quality because it provides good information about dissolved 
ions in the water under investigation.

The EC of drinking water sources in Bahir Dar city range 
from 41.73 to 320 μs/cm during both the dry and wet seasons 
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(Figure 2(c)). The water samples are very weakly mineralized 
water and acceptable for drinking (Detay & Carpenter, 1997). 
According to water quality classification (Table 1), the EC of 
water samples taken from Bahir Dar City water sources were 
found excellent in the dry season. In the wet season, 80 % of the 
water samples were classified excellent, while 20% were consid-
ered good quality (Rajankar et al., 2011). The EC values in the 
study area were lower compared to those reported by Yasin 
et al. (2015) in Ethiopia. According to single factor ANOVA, 
the average EC value in the water sources show significant 
variations (p < 0.05) at the sampling sites.

Total dissolved solids (TDS)

In this study, the TDS values ranged from 24.9 to 120 mg/L 
with mean 70.97 during the dry season, and 85 to 210 mg/L 

with an average of 129.67 during the wet season (Figure 2(d)). 
The higher TDS values in the wet season compared to the dry 
season could be attributed to agricultural runoff, urban waste-
water discharge, and other human activities.

According to Todd’s (2009) categorization of groundwater, 
all the water samples fall into the fresh water class (Table 2). 
The low level of TDS in the water samples indicated the water 
is applicable for drinking, agricultural, and other domestic pur-
poses. The TDS values in the study areas were within the per-
missible limits set by WHO (2011) and Ethiopian Standards 
(2001), which specify a maximum of 1,000 mg/L.

The TDS values obtained in water samples were below the 
values reported by Annalakshmi and Amsath (2012) in Tamil 
Nadu, India (221–3,534 mg/L) and Uddin et  al. (2021) in 
Bangladesh tube well water (258–261 mg/L). Lewoyehu (2021) 
reported similar findings in the Amhara Region, Ethiopia, 

Table 1.  Classification of the EC of Water Samples at 25°C Based on Rajankar et al. (2011).

Range of EC (µS/cm) Water quality classification Percentage of samples in 
the DS

Percentage of 
samples in the WS

<250 Excellent 100% 80%

250–750 Good — 20

750–2,000 Permissible — —

2,000–3,000 Doubtful — —

>3,000 Unsuitable — —

(a) (b)

(c) (d)

Figure 2.  Water quality sources of Bahir Dar City: (a) pH, (b) turbidity, (c) electrical conductivity, and (d) total dissolved solids during dry and wet seasons 

as compared with the WHO Maximum Permissible Limit.
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with TDS values ranging from 11 to 152 mg/L, comparable to 
the results of this study. Water with a TDS level below 
600 mg/L is generally considered to have good palatability, 
while drinking water becomes increasingly unpalatable at TDS 
levels exceeding around 1000 mg/L (WHO, 2011). The 
Analysis of TDS in the water samples showed levels below 
600 mg/L. Thus, the TDS values for the water sources in Bahir 
Dar City suggest that the water is of good quality.

Total hardness

The total hardness of this study ranged from 13.3 to 97 mg/L 
with an average of 47.6 mg/L during the dry season. In the wet 
season, the total hardness in water samples ranged from 9.67 to 
117 mg/L with a mean value of 41.47 mg/L as CaCO3 (Figure 
3(a)). Higher total hardness values were observed at TK 
(97 mg/L) and CH-1(80 mg/L), during the dry season, and at 
CH-6 (117 mg/L) during the wet season, which are classified 
as moderately hard water (Prakash & Somashekar, 2006). 

About 90% water samples showed total hardness values below 
75 mg/L, which is classified as soft water (Table 3). According 
to WHO (2011) and Ethiopian Standard (2001), the maxi-
mum acceptable total hardness in drinking water is 300 mg/L. 
Therefore, the water sources supplied to the city are safe for 
human consumption. The total hardness observed in this study 
is lower than the levels reported in other studies, such as 
Daghara et al. (2019) in Palestine (199–485 mg/L) and Salem 
et al. (2022) in Sebha city, Libya (600–810 mg/L). Statistically, 
one factor of ANOVA showed a significance p value of 0.007, 
which is less than the p = 0.05. This indicated the presence of 
significant variation in the mean of total hardness at the sam-
pling sites of water sources used in the city.

Total alkalinity

In this study, the total alkalinity varied from 65 to 235 mg/L 
CaCO3 during the dry season and 95 to 223 mg/L CaCO3 
during the wet season (Figure 3(b)). Higher alkalinity 

Table 2.  Groundwater Quality Classification Based on the TDS Values (Todd, 2009).

TDS (mg/L) Water class No. of samples (n = 30) % of samples

10–1,000 Fresh water All 100 %

1,000–10,000 Slightly–brackish water — —

10,000–100,000 brackish — —

>100,000 Brine water — —

(a) (b)

Figure 3.  The quality of water sources of Bahir Dar City; total hardness (a), total alkalinity (b) during the dry and wet seasons.

Table 3.  Classification of Water Samples for Various Ranges of Hardness (Prakash & Somashekar, 2006).

Total hardness in mg/L Degree of hardness No. of samples (n = 30) % of samples

0–75 Soft 27 90

75–150 Moderately hard 3 10

150–300 Hard — —

>300 Very hard — —
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(235 mg/L CaCO3) was observed during the dry season at TK 
sampling site, and during the wet season (223 mg/L CaCO3) at 
AS sampling site. The higher value of total alkalinity at TK 
might be due to pollution of groundwater from the nearby 
Tsehay Kelem paint industry wastewater discharged to the 
environment. The mean values of the total alkalinity of the 
water samples in the dry (119.22 mg/L) and wet (127.49 mg/L) 
seasons were below the maximum permissible limit set by 
WHO and ES (200 mg/L CaCO3). These values are greater 
than the alkalinity values reported by Oljira (2015), which is 12 
to 132 mg/L. Statistically, there is a significant difference 
(p = 0.008) in total alkalinity to the samples taken at the water 
sources.

Phosphate (PO4
3−)

Phosphate analysis of Bahir Dar City drinking water sources 
indicated in the range of 0.2 to 1.2 mg/L (mean 0.544 mg/L) in 
the wet season and 0.12 to 0.99 mg/L (mean = 0.47 mg/L) in 
the dry season (Figure 4(a)). Maximum phosphate concentra-
tions were observed at AS (1.2 mg/L), MO (0.91 mg/L) during 
the wet season and GB-1(0.99 mg/L) during the dry season. 
This may be due to dissolution of minerals containing phos-
phate minerals, agricultural fertilizer, and infiltration of munic-
ipal wastewater. These values are less than the phosphate values 
reported by Oljira (2015), which is 0.12 to 5 mg/L and greater 
than the values reported by Eriksson (2012). Single factor 
ANOVA indicated that there is no significant difference in the 

mean value of phosphate (p = 0.865) at the sampling site of 
water sources used for Bahir Dar City.

Nitrate (NO3
−)

The NO3–N concentration in the water sources of Bahir Dar 
City ranged from 0.52 to 4.41 mg/L(mean = 3.12) and 0.92 to 
4.42 mg/L(mean = 3.16) in wet and dry season’s, respectively 
(Figure 4(b)). The NO3–N concentrations during wet and dry 
seasons were much less than the maximum permissible limit of 
Ethiopian Standard (2001) and WHO (2011), which is 10 mg/L 
NO3–N .This revealed that water sources in the study area are 
safe in terms of the NO3–N level for drinking and other domestic 
applications. Salem et al. (2022) reported higher nitrate concen-
trations in the range of 3.1 to 24 mg/L NO3–N in the groundwa-
ter sources of Sebha city, Libya. The nitrate level in the studied 
water samples were below the nitrate concentration reported by 
Akale et al. (2018), which is 1.4 to 15.8 mg/L NO3–N. Statistically, 
there was no significant difference (p = .312) in the mean concen-
trations of nitrates in the water sources of the city.

Fluoride (F−)

In this study, the fluoride concentrations were found in the 
range of 0.23 to 1.19 mg/L (mean = 0.54) during the dry season 
and 0.04 to 0.39 mg/L (mean = 0.21 mg/L) during the wet sea-
son (Figure 4 (c)). Higher F− concentrations were found at AS 
(1.19 mg/L) and CH-5 (0.9 mg/L) during the dry season. The 

(a) (b)

(c)

Figure 4.  The quality of water sources of Bahir Dar City: phosphate concentration (a), nitrate concentration (b), and fluoride concentrations (c) during the 

dry and wet seasons.
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F− concentrations during dry season were higher than the wet 
season; this might be due to dilution during recharging of the 
groundwater with rain water. Statistical analysis indicated that 
there was significant difference (p = 0.002) in the mean fluoride 
concentrations at the water sources used in the city. The analy-
sis of fluoride in the water sources of Bahir Dar city were below 
the maximum permissible limit set by Ethiopian Standard 
(2001) and WHO (2011) that is 1.5 mg/L. The fluoride con-
centrations in this study were lower than the values reported by 
Oljira (2015) and Demelash et al. (2019). Therefore, the water 
source of Bahir Dar city has no fluoride health risk to the 
consumers.

Bacteriological test analyses

Fecal and total coliforms.  In this study, fecal coliforms(FC) were 
found in the range of 2 to 39 CFU/100 mL (mean = 10.6) in 
the wet season and 0 to 8 CFU/100 mL (mean = 3.2) in the dry 
season (Figure 5), which exceed the WHO and ES 
(0 CFU/100 mL) permissible limit except sample AS 
(0 CFU/100 mL). About 60% of the water samples were cate-
gorized in the low risk and 40 % in the moderate risk in the wet 
season (Table 4). In the dry season, 6.67 % categorized in the 

no risk and 93.33 % in the low risk grades. The analysis indi-
cated that the water sources were highly polluted with fecal 
coliforms in the wet season compared with the dry season. This 
might be due to contamination of the water sources with ani-
mal or human wastes infiltrated to the ground water from the 
municipal water run offs or poor sanitary septic tanks.

The total coliforms (TC) count of this study were in the 
range from 1 CFU/100 mL to 241 CFU/100 mL in the dry 
season and too numerous to count in the wet season in 100 mL 
sample (Table 5). TC bacteria are not acceptable as an indicator 
of the sanitary quality of water supplies, particularly in tropical 
areas, where many bacteria of no sanitary significance occur in 
almost all untreated supplies (WHO, 2011). The FC and TC 
concentrations in this study were in agreement with the values 
reported by Lora-Ariza et al. (2024). In general, the fecal coli-
forms and total coliforms levels of this study indicate that regu-
lar addition of chlorine in the reservoirs is needed to assure a 
better quality of drinking water.

Conclusion
This study was conducted to analyze the quality of drinking 
water sources supplied to Bahir Dar City in the dry and wet 
seasons to the level that is safe and acceptable to the custom-
ers. The physicochemical parameters examined, including 
temperature, pH, TDS, EC, PO4

3−, NO3
−, F−, total alkalinity, 

and total hardness were found to be within the acceptable lim-
its set by WHO & Ethiopian drinking water standards across 
all sampling sites. However, turbidity and bacteriological anal-
yses (fecal coliforms and total coliforms) exceeded the recom-
mended guidelines. The contamination of these water sources 
is likely due to human activities, animal presence, livestock 
grazing, and other anthropogenic factors near the water 
sources. This contamination poses a risk of exposure to patho-
genic microorganisms for consumers. Therefore, it is essential 
to implement long-term monitoring strategies, assess the 
potential effects of climate variability on water quality, and 
ensure the protection from contamination and proper disin-
fection of water sources before distribution to consumers.

Figure 5. F ecal coliform count (CFU/100 mL) during the dry and wet 

seasons in the water sources collected in Bahir Dar City.

Table 4.  Classification of Water Samples for Fecal Coliforms (CFU/100 mL) According to Degree of Risk (WHO, 2004).

Total coliform (CFU/100 mL) Risk grade Percentage of samples in 
the dry season

Percentage of samples in 
the wet season

0 No risk 6.67 —

1–10 Low risk 93.33 60

11–100 Moderate risk — 40

101–1,000 high risk — —

>1,000 Very high risk — —
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