
          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 02 | Feb 2025               www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 525 
 

Evaluate the challenges in the performance and quality of the water 

supply system in Injibara town, Amhara National Regional State, 

Ethiopia. 

Birhanu Girmaa,* Menbere Asmarea, Lakachew Abitewa,Girum  Abebea 

a*a Tongji University, UNEP Institute of Environment for Sustainable Development (IESD): College of 
Environmental Science and Engineering, Shanghai 200092, P. R. China. 

---------------------------------------------------------------------***-------------------------------------------------------------------
Abstract - Access to clean and safe drinking water remains 
a critical challenge in Injibara, Ethiopia, affecting public 
health and well-being. The study identified that Injibara's 
water system operates at a production capacity of 42 liter 
per second, serving only 50% of the water needs due to 50% 
loss from leaks, inadequate infrastructure, and aging 
systems. This results in a per capita supply of just 25 liters 
per person per day below national standards of 50 to 100 
liters per person per day and a water availability schedule of 
one day per week. Affordability is a significant issue, with 
89% of respondents perceiving tariffs as high, and nearly 
29% of the town’s area lacking piped water access. 
Geographic and economic disparities hinder equity in water 
distribution. Residents in low-pressure and high-altitude 
areas experience severe shortages, exacerbated by 
infrastructure limitations. Additionally, water quality is 
compromised, with microbiological tests revealing 
contamination by coliform bacteria and E. coli, exceeding 
WHO and Ethiopian standards. This contributes to 
waterborne diseases, accounting for 29% of the town's top 
10 illnesses over five years. The findings underscore the 
urgency of expanding infrastructure, improving 
management, and ensuring equitable access. Key 
recommendations include investing in new reservoirs, 
repairing leaks, enhancing chlorination practices, and 
community engagement for sustainable solutions. Without 
significant interventions, achieving Sustainable Development 
Goal (SDG) 6.1 by 2030 remains unlikely. These insights aim 
to inform policymakers and stakeholders for strategic 
actions to address Injibara’s water challenges effectively. 

Key Words:  Keywords: Performance, water supply system, 
water quality, SDG6.1, Piped water source, on-spot source, 
And water loss.  

1. INTRODUCTION 

     Lack of sufficient drinking water and poor sanitation 
services cause the spread of diseases responsible for the 
deaths of millions of people worldwide, particularly in 
developing countries like Ethiopia [1]. Developing nations 
have recently encountered major challenges in maintaining 
water quality while attempting to enhance water supply and 
sanitation[2]. According to Teymouri and Dehghanzadeh [3], 
almost one-third of all deaths in developing nations and 

about 80 percent of the diseases are water-related, and each 
person spends nearly one-tenth of their productive time 
tending to water-related illnesses. 

     Ethiopia is among the least developing nations in Sub-
Sahara Africa (SSA) and worldwide. The main challenges of 
urban drinking water system (UDWS) in Ethiopian cities 
include rapid urbanization, high water demand, shrinkage of 
water supply sources, mismanagement of water, water 
quality deterioration, low functionality of the existing water 
supply system components (technical problems), limitation 
in institutional capacity, and lack of efficient and proper 
planning [4].  

    A few researchers have attempted to assess the issues of 
Challenges in the availability of Drinking Water System of 
Ethiopian Cities.  For instance, Alemu & Dioha [5], Alemu ZA 
and Scholar [6];  Kitessa BD [7] have researched water 
supply and demand in Addis Ababa city; Getachew et al [8], 
Yimer & Geberkidan on water quality/environmental issues; 
Berhane & Aregaw [9], Nayak, S. and Sudheer [10], on 
technical issues related to drinking water system and non-
revenue water, whereas, (Debela, 2021); (Kayaga et al, 
2018), on the institution and governance issues. It may be 
noticed that only a few studies were carried out to focus on 
the challenges of availability, access, and affordability 
aspects of the Drinking Water System of Ethiopia. 

    This study addresses the complexities of the availability, 
affordability, equity, and water quality aspects of UDWS with 
possible interventions for sustainability. The main objective 
of this research is to assess the availability, affordability 
equity, and quality of the water supply system in Injibara 
town, Amhara National Regional State, Ethiopia. So ensuring 
access to safe and reliable drinking water is a fundamental 
human right and a critical factor for public health and well-
being. By comprehensively assessing the availability, 
affordability, equity, and quality of water the research will 
identify specific areas for improvement. It can contribute to 
improved water quality and increased availability, ultimately 
leading to better public health outcomes for the local 
population [11]. The findings of this research can also 
provide valuable insights for local decision-makers such as 
water utilities and government agencies. It also contributes 
to the broader knowledge base regarding water 
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management challenges in developing countries. The 
research on the urban water supply in Injibara City provides 
crucial insights that are highly relevant to other cities, 
particularly in developing countries. The challenges 
identified by the research, such as limited access, inadequate 
infrastructure, high leakage rates, inequitable distribution, 
and poor water quality, are unfortunately widespread in 
developing countries. 

    This research serves as a valuable case study, highlighting 
the complex interplay of factors that contribute to urban 
water crises. It demonstrates how aging infrastructure, 
insufficient investment, and weak governance can lead to 
severe water shortages and jeopardize public health [12]. 
The findings on the marginalization of certain communities, 
such as those in hilly areas and low-income neighborhoods, 
emphasize the need for inclusive and equitable water 
distribution policies. Furthermore, the identification of 
coliform contamination underscores the critical importance 
of water quality monitoring and treatment. 

The research's significance extends beyond Injibara. It 
provides valuable lessons for policymakers, urban planners, 
and water utilities in other cities across Ethiopia and the 
developing world. By understanding the specific challenges 
faced by Injibara, other cities can proactively address similar 
issues. 

2. Research Methods 

2.1. Description of the Research Area 

    The research was conducted in Injibara Town, situated in 
the Amhara Regional State of Ethiopia, in the southwestern 
corner of the region and the northwestern part of the 
country. Injibara lies approximately 447 kilometers from 
Addis Ababa, Ethiopia's capital city, and 118 kilometers from 
Bahir Dar, the capital of the Amhara Regional State. 
Geographically, Injibara is located at 10°05'N latitude and 
36°55'E longitude. The town's elevation ranges from 3,000 
m above sea level (masl) at its highest point to 2,540 masl at 
its lowest point [13]. 

According to the data from the town's administration, the 
total area of Injibara is 28.3 square kilometers [14]. The 
town is divided into five urban Kebeles, (smallest 
administrative units) designated as 01, 02, 03, 04, and 05. 
The primary drinking water supply for the study town was 
two boreholes and 1 spring source which was referred to 
locally name as Sutang Spring developed in 1,985. These 
sources are the primary source of water for the town for a 
long time with good quality. However, the production is not 
enough to quench the thirst of the present population since 
the city population has alarmingly increased beyond the 
discharge potential of these sources. 

 

Fig - 1: Map of Ethiopia, Amhara Regional State, Awi Zone 
and Injibara Town 

2.2. Research Design and Methodology 

The study introduces an innovative framework for 
assessing urban drinking water systems (UDWS) in Injibara. 
A cross-sectional research design integrates quantitative and 
qualitative methods to capture a comprehensive snapshot of 
water availability, affordability, equity, and quality. The 
methodology employs structured questionnaires for 
household data, focus group discussions, and GIS-based 
spatial analysis to identify geographic disparities in water 
access. Water quality is evaluated using laboratory tests for 
physical, chemical and microbiological parameters by using 
instrument of Aqua probe AP – 700, Photometer 7500 and 
Membrane filtration method respectively.  To enhance the 
understanding of systemic barriers, indicators like water 
loss rates (50% leakage), distribution zones, and 
affordability metrics relative to income are developed. The 
study proposes predictive models for infrastructure 
degradation impacts and equitable water distribution zones 
based on population density and altitude. These 
methodologies aim to provide actionable insights for 
improving water management policies, supporting progress 
toward Sustainable Development Goal (SDG) 6.1. 

2.3. Type and Data Collection Methods 

      Data was collected from both primary and secondary 
sources using various methods, focusing on socio-economic 
factors, water availability, affordability, equity, 
infrastructure, governance, and water quality. Structured 
questionnaires were distributed to a wide range of 
respondents for quantitative data, while focus groups and 
interviews with key stakeholders, like local officials and 
community leaders, provided qualitative insights. Personal 
site visits offered direct observations of operations and 
infrastructure, and water quality was tested in labs to ensure 
it met health and safety standards.  
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2.4. Method of Data Analysis 

To gain a comprehensive understanding of the water supply 
and distribution issues in the study area, both qualitative 
and quantitative data analysis methods were used. 
Quantitative data from questionnaires and secondary 
sources were analyzed with descriptive statistics, presented 
through tables, frequency distributions, and percentages, 
using SPSS software (V.27.00). Qualitative data from focus 
group discussions, key informant interviews, and 
observations were analyzed through narrative and 
contextual interpretation techniques. These qualitative 
findings were combined with the quantitative results to 
strengthen the conclusions. Additionally, GIS was used to 
trace geographic locations and distribution, while laboratory 
tests of drinking water parameters were conducted and 
analyzed in the findings. 

3. Results and Discussions 

3.1. Findings of the Research 

3.1.1. Description of the Current Status of the Water 
Supply System in Injibara 

    The projected current population of Injibara town is 
49,664, with 23,882 females and 25,782 males [15]. The 
water source of Injibara town includes two deep wells that 
collectively yield an output of 29 L/s, and one spring source 
contributes an additional 13 liters per second. This brings 
the total production capacity to 42 L/s of piped clean 
drinking water available for the residents of Injibara. In 
addition to the piped system, 3 springs provide on-spot 
water to the surrounding community within the city. The 
piped water system was installed in 1986 some 38 years ago 
when the town was at its very early stage in terms of 
population.  

There are two reservoirs of 800m3 and 200m3 capacity in to 
which the water from the three water sources pumped in to. 
Then, it is distributed to the town by gravitational force.  
According to the Injibara Water and Sewer Office 2023 
report, the per capita water supply was 25 L/p/d whereas 
they are striving to scale up it to 60 L/head. The yield of the 
three sources if left to supply continuously working for 24 
hours, the per capita production would have been 
73lit/capita/day. However, as the report indicates about 
50% of the production was lost due to leakage and only half 
of the produced water reached residents' homes.  

Pumps can't operate continuously due to wear and tear, and 
the water yield may not support such constant use. The 
original 42L/s production rate, calculated during system 
commissioning years ago, may have decreased due to 
climate change. As a result, the town is now divided into 7 
zones, each receiving water once a week. However, power 
outages can disrupt the schedule, causing some zones to 
miss their allocated quota 

Figure 2 indicates the major water infrastructure of Injibara 
Town on an elevation map. BH1 and BH2 are the two Bore 
Holes and Sutana is the spring altogether produces 42 L/s. 
The water from these sources is directly pumped to RS1 and 
2 the reservoirs on top of a hill. Then the water is distributed 
by gravity throughout the town. The three triangles in red 
color (Maremia, Mesni, and Teklehaimanot) indicate the on-
spot springs from where communities in the vicinity fetch 
water. They are capped springs flowing freely throughout, as 
shown in (Fig - 2). 

There are about 8029 active customers and 2 community 
watering points getting water service from the Injibara 
water and sewer office. Among them, 90.17% are domestic 
connections of residential houses, as shown in (Table -1). 

 

Fig - 3: Major water infrastructure of Injibara Town 

Table – 1: Water Customer Data of Injibara Water and 
Sewer Office 
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 Grand total 8,031  190 8,221 

Source: Injibara Water and Sewer Office 
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3.1.2. Access, Affordability, and Equity of the Drinking 
Water Supply System of Injibara Town. 

   The performance of the water system was evaluated 
basically from availability access and equity point of view. 
The current performance of water supply systems within 
the town reveals significant disparities in access, 
affordability, and equity, as evidenced by the survey 
findings. 

3.1.2.1. Availability and Access to water 

   The survey results highlight significant barriers to 
accessing water, with 91.74% of respondents citing issues 
like the lack of water meters and other infrastructure. This 
reflects broader research showing that inadequate 
infrastructure hinders equitable access. Approximately 95% 
of respondents felt that water connections or community 
watering points in their areas were insufficient, indicating 
major gaps in the water supply system. Only 4% reported 
having 24/7 water access, pointing to severe disruptions in 
supply. Discussions with water and sewer officials revealed 
that the city's water production is insufficient, with a one-
day-a-week rationing schedule that is struggling to keep 
pace with the city's expansion. To manage the shortage, the 
town has been divided into 7 distribution zones, but 28.7% 
of the area lacks piped water entirely, and frequent power 
outages further disrupt the system, as shown in (Fig - 4). 

 

Fig - 5: Water Rationing Zone Map of Injibara. 

The issue of water shortage is not only attributed to 
seasonal variation but also to shortage of production 
capacity and losses. The 2016/17 Ethiopian fiscal year 
(2023/24) monthly water production and loss data 
indicates the heavy loss of water from the meager 
production. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig -4: Monthly production, distribution, and Loss of water 
(m3) in Injibara (2023/2024) 

Source: Injibara Town water and Sewer office 

     According to interviews with the water and sewer office 
leaders, the main reasons for such a huge loss of scarce 
water are multifaceted. The water loss in July approached 
60% as a result of winter-related maintenance challenges, as 
shown in (Fig-4).The deteriorating infrastructure during this 
time exacerbates the conditions caused by burst pipes, which 
resemble a rain flood.  The officer highlighted that the aging 
infrastructure is a primary concern, particularly the 
extensive use of old metal pipes, which has resulted in 
frequent leaks throughout the system. The operational 
challenges posed by numerous gate valves, which are 
regularly opened and closed due to ongoing water rationing 
measures, further exacerbate the issue, leading to 
substantial water wastage [16].  

Aside from infrastructure deterioration, several factors 
contribute to this loss, including technical issues with the 
water meters, unauthorized usage that bypasses metering, 
and the installation of non-standard piping systems.     The 
regions of developing countries are experiencing even higher 
percentages of water loss [17]. Global water loss (WL) 
volume is projected to be 126 billion cubic meters per year, 
which is equivalent to around 39 billion USD in annual 
expenditures [18]. When comparing the water loss in 
Injibara town to that of other towns and countries, there are 
significant variations. For instance, the annual water loss in 
Injibara is 50%, compared to 37.4% in Muki Turi town 
(Oromia region, Ethiopia) [17], 18.2% in Ambo town 
(Ethiopia) [19], 36.42% in Akaki Kality (Addis Ababa, 
Ethiopia) [20], 24.42% in Palestine [21], and 18% in SA City 
in China [22]. The data shows that Injibara's water loss is 
higher than the other countries mentioned and the water 
loss in Injibara cities exceeds the World Bank's 
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recommended allowable limit of 25% by a significant margin 
[1].  

     Additionally, while the average cost of water supply in 
Injibara is 0.17 USD/m³, in SA city China it is 0.16 USD/m³. 
This discrepancy results in commercial losses of up to 
47,887 USD and 857,143 USD per year, respectively. The low 
efficiency of Injibara's water supply system has a significant 
impact, largely due to inadequate inspections, technical 
problems with water meters, insufficient or careless repairs 
of the water supply infrastructure, improper water use, and 
a lack of awareness, all of which exacerbate the water loss 
issue [23].  

3.1.2.2. Affordability of Water 

The most basic and intuitive level, water affordability is 
the ability to pay for water relative to one’s income[24]. 
Water facilities and services should be accessible at a cost 
that is affordable for everyone [25]. The survey results 
concerning the affordability of water reveal that a notable 
89% of participants either disagreed (47%) or strongly 
disagreed (42%) that the current water tariff is fair for their 
families to pay. This suggests a general rejection of the 
pricing structure, which may indicate that the water tariffs 
are perceived as very high within the context of household 
budgets, as shown in table (Table - 2).   

Table - 3: The Water Tariff of Injibara Town (ETB) 
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1 Domestic 
connection 

15 17 19 22 25 27 

2 Institutions 17 19 25 18 31 34 

3 Business 
Connection 

18 21 26 30 32 36 

4 Industry 25 29 36 42 45 51 

Source: Injibara Water and Sewer Office 

Lack of alternative sources of water other than piped water 
is evident as 89% of the respondents indicated no 
alternative source. This finding underscores a reliance on the 
piped water system, which is often the only source of safe 
drinking water in many neighborhoods in the town. Since 
the cost of bottled water is high for households, only 10% of 
the respondents bought bottled water as an alternative 
source. When assessing the availability of trucked water 
supply during shortages, 94% of respondents rejected the 
notion that there is affordable and safe drinking water 
supplied by truck when there is a shortage in the piped 
system.  

     According to discussions with the water and sewer office 
leaders, both access and availability of water are pressing 
issues of the water system. First of all, the amount of water 
produced is not adequate even for those who are furnished 
with the necessary infrastructure as it is a 1 day a weak 
phenomenon. Secondly, the small amount of water lost by 
one-half due to leakage. In contrast to this, the city is 
expanding both vertically and horizontally outpacing the 
water system expansion. An initial step toward progressively 
realizing water rights could involve prioritizing efforts to 
enhance the affordability of water [26]. 

3.1.2.3. Equity of Access to Water 

      Equitable water supply ensures that all users, particularly 
those facing unequal access, have sufficient water. Achieving 
this requires effective management [27]. A substantial 89% 
of participants either agreed (56%) or strongly agreed 
(34%) that specific groups in the community, such as low-
income individuals, marginalized populations living in 
mountainous areas, and residents of squatter settlements, 
face special difficulties in accessing water. Regarding 
fairness of distribution in all corners of the city, 80% of 
respondents indicated that there is a disparity in the 
equitability of water distribution. During the key informant 
discussions, group discussions, and leaders' interviews, it 
was confirmed that there is a problem with the equitable 
water supply [28]. Additionally, through my field 
observations, I noticed issues of inequity in water 
distribution, particularly in mountainous areas and among 
low-income individuals who lack access to piped water.  
Furthermore, the survey results indicated that 86% of 
respondents agreed with the statement that there is a 
difference in water quality between different neighborhoods, 
suggesting a widespread acknowledgment of quality 
disparities among different localities. 

3.1.2.4. Potential of Achieving the SDGs 6.1 

     Sustainable Development Goal 6 (SDG 6) specifically, 
target 6.1 focuses on achieving universal and equitable 
access to safe and affordable drinking water for all by 2030.  
Achieving the global goal of water for all still lags far behind. 
Over 750 million people in developing countries lack access 
to reliable water sources [29]. 

     The global water community remains dedicated to 
ensuring the sustainable provision of water for everyone, 
despite past initiatives like the Water Decade and the MDGs 
falling short of fully achieving their objectives [30]. Ethiopia 
has made some progress towards achieving SDG6.1, but 
challenges remain and stagnate. Only 4% of rural and 38% 
urban were using safely managed drinking water [31]. At 
least basic drinking water services are still challenging and 
not on track to meet SDG 6.1 at the end of 2030. Also, access 
to affordable drinking water and sanitation development in 
Ethiopia is below the sub-Saharan and the world [32]. When 
compared to Ghana 72% of Ghana citizens have access to 
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clean and affordable water and can achieve SDG6.1 by 2030 
[33]. Even with a population of over 1.4 billion, China faces 
significant difficulty in achieving this goal [34]. 

     The current water supply system of Injibara indicates very 
low water production of 25 liter/capita/day which is below 
the standard. The water availability is around 1 day of about 
18hr per week. Even this amount may not be available due to 
frequent power outages. About 28.2% of the town area has 
no access to piped water at all and it is still expanding. The 
investment in water infrastructure is meager and no reliable 
donor is available for the expansion project. Besides, the cost 
of imported materials is very high, and currently, the 
devaluation of the Ethiopian Birr against the USD poses a 
significant strain on infrastructure investment. The 
deterioration of the existing infrastructure is very high as 
leakage amounts to 50% of the production. SDG 6.1 was set 
for 2030 and only 5 years remain. Therefore, it is unlikely 
that SDG 6.1 could be achieved in Injibara if things are going 
at the current pace. An interview with the water utility office 
also indicated that SDG 6.1 cannot be achieved unless 
something extraordinary happens 

3.2. Water Quality 

    A substantial majority, 76%, agree that the tap water 
appears clear and colorless, indicating a favorable visual 
assessment of its quality [35]. Water taste perceptions are 
notably more critical, with 80% of respondents reporting a 
salty or metallic flavor in the tap water. This can be 
supplemented by the chemical lab test of water which 
reveals that the alkalinity level of the water was beyond the 
allowable 200mg/L. Health-related issues associated with 
tap water consumption are also highlighted in the survey 
results, with 59% of individuals indicating they have 
experienced diarrhea or stomach upset after drinking it. This 
notion is supported by the bacteriological test result 
indicating all sources and water line sample tests indicated 
positive for total, fecal coliform, and E.coli which is 
unacceptable by both the national as well as WHO standards. 

     The health issue concern of the water was cross-checked 
against the top 10 diseases in Injibara particularly 
waterborne disease incidence in the town.  The “5-year” top 
10 diseases from Injibara health institutions reveal this fact, 
as shown in (Table-3). 

Table - 3: Injibara Public Health Unit 2019-2023 A 5-Year 
Top 10 Diseases Prevalence Data 

Rank Type of Disease No of cases 

1 
Respiratory Infection (Acute upper 
respiratory infection unspecified) 14,842 

2 Pneumonia /bacterial 12,695 

3 Diarrhea unspecified 7,906 

4 Dyspepsia 6,044 

5 
Tonsillitis (Acute pharyngitis 
unspecified) 6,360 

6 
Infection (Bacterial intestinal 
infection unspecified) 5,247 

7 Diarrhea (Functional diarrhea) 3,457 

8 
Urinary Tract Infection (Urinary tract 
infection site not specified) 4,249 

9 Typhus fever 3,878 

10 Typhoid Fever 2,940 

 Total 67,618 

Source: Injibara Public Health Unit 

     Among the “5-year” top 10 diseases in Injibara, 4 of them 
are in one or the other way related to waterborne disease: 
unspecified diarrhea, bacterial intestinal infection, functional 
diarrhea, and typhoid fever. They together constitute about 
19,550 (29 %) of the top 10 diseases in the last “5 -year”. The 
quality of water and sanitation practices might have caused 
these disease incidences. 

     In addition to this, the top 4 waterborne diseases indicate 
similar results. The data on the top 4 waterborne diseases in 
Injibara (2019-2023) indicates a similar trend to that of the 
top 10 disease data, as shown in (Table- 4). 

Table - 4: “5 -Year” Top 4 Waterborne Disease Cases in 
Injibara Health Center (2019-2023) 

 Age 
group 

Sex 
Typhoi
d 

Diarrhea Amoeba Giardia 

0-4  
M 120 4191 168 41 

F 118 3314 118 30 

5-14 
M 202 563 177 51 

F 240 458 172 37 

15-29  
M 899 493 227 83 

F 927 706 345 94 

30-64  
M 857 511 219 60 

F 861 547 285 62 

>=65  
M 77 49 50 8 

F 87 44 30 6 

Total   4,388 10,876 1791 472 

Grand 
Total 

 

17,637 

Source: Injibara Health Station Health Statistics department 

To further reveal this, a water quality test has been 
conducted by the researcher that include sample of water 
from the water source, reservoir, and random households in 
different parts of the town and low-pressure areas, as shown 
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in. The water quality test included the physical, Chemical, 
and microbiological parameters of the water quality. 

3.2.1. The physical water quality test 

   The physical water quality test conducted taste was 
conducted by the Injibara town water supply service office in 
the wet season on September 17 & 18/ 2024, and the dry 
season on 13/4/2024. 

3.2.1.1. Temperature (℃) 

     Higher groundwater temperatures can dissolve more 
minerals from surrounding rocks, thereby increasing 
electrical conductivity. Temperature also affects spatial and 
temporal variations [36], depending on factors such as water 
depth, climatic conditions, and topographic differences. The 
ideal temperature of water for drinking purposes is (5-12) 
℃, above 25℃ is not recommended for drinking because 
Water temperature directly affects microbial growth rate 
and decay of disinfectant residuals in the distribution system 
and this could lead to the development of an unpleasant 
taste and odors. The results showed that minimum and 
maximum values of temperature recorded in wet and dry 
seasons were ranged from 19.9℃ (at Tekelehaymanot on-
spot spring) to 23.1℃ (at K03 D8) in the wet season and 
20.8℃ (at Tekelehaymanot on-spot spring) to 23.8℃ (at 
BH2) in the dry season respectively, as shown in (Fig - 5). 
The increment variation between the sample points K03 D8 
may be due to tap water flowing over long distances, which 
exposes it to ground temperature and subsurface heat island 
effect [37], whereas borehole water, also may be influenced 
by geothermal conditions or deep aquifers, can have 
significantly warmer temperatures. All water sources in both 
seasons were within permissible limits of Ethiopian and 
WHO water quality guidelines.  It does not affect the growth 
of microorganisms, which could cause changes in taste, odor, 
and color, and lead to corrosion issues. In general, the 
temperature is ambient and good for consumers and safe at 
< 25℃ for drinking water, WHO prefers cool to warm water 
and for the specific desires of the quality of the water for 
different purposes. A similar study on temperature was 
conducted by [38]. 

The abbreviation indicated that: WHO; world health 
organization, EWQSA; Ethiopian water quality standard 
Agency, K0 D9; Kebele03 distribution9, Su; sutana, THOSS; 
Tekelehaymanot 0n-spot spring, MOSS; Mesne on- spot 
spring, MA; Maremiya on-spot spring, R800; reservoir 800, 
R200; reservoir200, BH1; Borehole1, BH2; Borehole2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig - 5:  Lab Result of Temperature (℃) compared with 
WHO and EWQSA 

3.2.1.2. Power of Hydrogen (pH. unit) 

The pH of water is a crucial quality characteristic used to 
assess its acidity or alkalinity[39]. The minimum and 
maximum allowable pH range for portability is 6.5 – 8.5 
WHO and Ethiopia are recommended limits [40, 41]. The 
recorded values from different sample sites in wet and dry 
seasons ranged from 5.63 (at Reservoir 800) to 6.77 (at 
HB1) in the wet season and 6.03 (at Reservoir 800) to 7.10 
(at BH1) in dry and wet respectively, as shown in (Fig - 6). 
The sampling locations of BH1 had the highest pH values in 
dry season, while Reservoir 800 the lowest pH values in wet 
season. The pH of a reservoir is often lower than that of a 
borehole due to high chlorine levels, which react to form 
hypochlorous acid (HOCl) and hydrochloric acid (HCl), both 
of which are acidic. In contrast, borehole water, being 
isolated underground, interacts with alkaline minerals that 
can raise its pH. Excessive chlorination disrupts water 
chemistry, leading to increased acidity and a more 
pronounced pH drop. Also, high acidity in the dry season 
occurs due to concentrated pollutants from evaporation and 
reduced dilution by rain, increased decomposition of organic 
matter releasing acidic compounds respectively [42].  
However, further investigation is required to identify the 
reasons why acidity is maximum in the dry season. 
According to its pH value, water can be categorized as high 
acidic (3-3.5), acidic (3.5-5.5), low acidic (5.5-6.7), neutral 
(6.8-7.2), low alkaline (7.2-8.5), or alkaline (>8.5). According 
to this classification, the pH levels of all sample source water 
were low due to their acidic character.  

The abbreviation indicated that: WHO; world health 
organization, EWQSA; Ethiopian water quality standard 
Agency, K0 D9; Kebele03 distribution9, TOSS; 
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Tekelehaymanot 0n-spot spring, MOSS; Mesne on- spot 
spring, MAOSS; Maremiya on-spot spring, R800; reservoir 
800, R200; reservoir200, BH1; Borehole1, BH2; Borehole2. 

 

 

 

 

 

 

 

 

 

 

Fig - 6: Lab Result of Power of Hydrogen (pH. unit) 
compared with WHO and EWQSA. 

3.2.1.3. Turbidity (NTU) 

Turbidity measures water clarity or the amount of 
suspended particles in the water such as soil particles (sand, 
silt, and clay) [43].  Higher turbidity levels are associated 
with the presence of disease-causing bacteria. Although 
turbidity itself does not directly cause health issues, it is 
often an indicator of poor water quality or treatment 
failures. Additionally, high turbidity can hinder the 
effectiveness of chlorination, and its visual appearance may 
be considered unacceptable by consumers [44]. Based on the 
laboratory findings, values of minimum and maximum 
turbidity in all sources of water recorded were in the range 
of 0.61 at BH1 to 3.24 at Maremiya On-spot spring during the 
wet season and minimum to maximum turbidity recorded in 
0.01 at KO4 D4, K04 D5 K04 D6 to 1.94 at Maremiya On-spot 
spring during the dry season respectively as shown in (Fig- 
7). Average values of turbidity in all water sources in both 
seasons were within permissible limits of Ethiopian and 
WHO water quality guidelines. But Maremiya On-spot spring 
sources had relatively higher recorded turbidity than the 
other. This is because on-spot springs are generally open to 
the elements and more exposed to surface runoff, which can 
carry soil, sediment, the intrusion of particles from 
municipal wastes and organic matter into the water, and 
inefficient water treatment [45]. High turbidity often carries 
pollutants like heavy metals and bacteria, exacerbating 
water quality issues and harming aquatic life further.  

The abbreviation indicated that: WHO; world health 
organization, EWQSA; Ethiopian water quality standard 
Agency, K0 D9; Kebele03 distribution9, Su; sutana, THOSS; 

Tekelehaymanot 0n-spot spring, MOSS; Mesne on- spot 
spring, MA; Maremiya on-spot spring, R800; reservoir 800, 
R200; reservoir200, BH1; Borehole1, BH2; Borehole2. 

 

 

 

 

 

 

 

 

 

 

Fig - 7: Lab Result of Turbidity (NTU) compared with 
WHO and EWQSA 

3.2.1.4.  Electric conductivity (µS/cm) 

EC denotes the conducting capacity of water which is an 
excellent indicator of total dissolved solids (TDS) [35]. And it 
depends upon the ionic strength of the solution. From the 
result obtained in this study, conductivity had a minimum of 
103.8 µS/cm (at Sutana Spring) and a maximum of 694 
µS/cm (at BH2) in the wet season. While during dry season 
minimum and maximum values of conductivity were 111 
µS/cm (at Sutana Spring) and 614 µS/cm (at BH2) values 
analyzed respectively. Both during the dry season and the 
wet season, point BH2 recorded a high concentration of 
electric conductivity, as shown in (Fig- 8). This variation may 
arise from the geological characteristics and soil types of the 
study area. Inorganic solids, naturally occurring in soils and 
rock formations, can contribute to higher electrical 
conductivity in water. However, all sample Values of 
conductivity are within the WHO permissible limit. 

The abbreviation indicated that: WHO; world health 
organization, K03 D9; Kebele03 distribution9, TSOSS; 
Tekelehaymanot 0n-spot spring, MOSS; Mesne on- spot 
spring, MAOSS; Maremiya on-spot spring, R800; reservoir 
800, R200; reservoir200, BH1; Borehole1, BH2; Borehole2. 
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Fig - 8: Electric conductivity (µS/cm) compared with WHO 

3.2.1.5.  Total Dissolved Solid (TDS) mg/L 

   Due to the presence of suspended solids, physical 
contaminants affect the physical appearance of water [46]. 
The increases in TDS and EC increase the corrosive nature of 
water, unacceptable taste, and odor although it indicates the 
existence of dissolved minerals. It is directly related to the 
quality of water and affects everything that uses water [47].  

    In the present study, the minimum and maximum of TDS 
recorded from different sampling sites ranged from 93.5 
mg/l to 557 mg/L and 67.5 mg/L to 450.9 mg/L in wet and 
dry seasons respectively, as shown in (Fig-9). TDS content of 
500 mg/L was recommended by WHO as a desirable upper 
limit.  

   The maximum result of TDS in this study is BH2 was above 
500mg/L in wet seasons the variation may be due to 
prolonged underground contact with mineral-rich rocks, 
increasing dissolved solids. This may cause an objectionable 
taste during drinking. The minimum results were below the 
desirable limits of WHO as well as Ethiopian drinking water 
quality guidelines. Generally, this result of TDS is not 
harmful to human beings, but a high concentration of these 
may affect persons who are suffering from kidney and heart 
diseases [48]. 

   The abbreviation indicated that: WHO; world health 
organization, EWQSA; Ethiopian water quality standard 
Agency, K03 D9; Kebele03 distribution9, TOSS; 
Tekelehaymanot 0n-spot spring, MOSS; Mesne on- spot 
spring, MAOSS; Maremiya on-spot spring, R800; reservoir 
800, R200; reservoir200, BH1; Borehole1, BH2; Borehole2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig - 6: Lab Result of TDS (mg/l) compared with WHO and 
EWQSA 

3.2.2. The Chemical water quality test 

    The free chlorine test results in all sampling points except 
the inoculation points at the reservoirs were below the 
allowable limit of 0.5mg/L as per the national as well as the 
WHO standards. That could be the probable cause of the 
positive coliform test in almost all sampling points except 
the reservoir 800, reservoir 200, and K04 D4, K04 D5, and 
K04 D6 sites. These sites have better chlorine levels than 
others and show zero coliforms in their tests because the 
sites are located on and near chlorination points.  

The test results of Kebele 01, 03, 04, BH1, BH2, and reservoir 
200 indicate greater than the national allowable value for 
total alkalinity of  200mg/L. Maybe this is due to factors 
like natural mineral content, groundwater contamination, or 
improper treatment processes in the water supply [49].  

    But further investigation is needed.  When the alkalinity of 
drinking water is too high, the water can have a salty, soda-
like, or chalky taste, dry your skin, or be associated with the 
formation or creation of a chemical scale or precipitate that 
would clog piping or form a scale on filters and other heat 
exchange systems. 

Concerning the seasonal variation of the chemical water 
quality parameters, the CaCO3, NH3, NO₃⁻, and NH4+ 
concentrations showed a reduction from the wet season to 
the dry season with very negligible exceptions. During the 
wet season, heavy rainfall causes surface runoff, soil erosion, 
and agricultural leaching, introducing higher levels of 
minerals and nutrients like CaCO₃, Mn, NO₃⁻, NH₃, HCO₃⁻, 
NH₄⁺, and residual chlorine into water bodies. Increased 
organic decomposition, sediment mobilization, and 
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untreated discharges also contribute to the elevated 
concentrations.  

  Municipal waste is also another cause. However, all of them 
are within the acceptable limit as per the Ethiopian as well as 
the WHO standard. In general, the variation in the chemical 
parameters between the dry and the wet season was very 
limited and no such significant effect has been observed as a 
result of the seasonal change. We can see details in (Table- 
5).  

  

No Sampling 
Site 

CaCO₃ 
mg/L 

Mn mg/L NH₃ mg/L NO₃⁻mg/L Cl2 mg/L Total 
Alkalinity  
/HCO- mg/L 

 NH₄⁺ mg/L 

  Wet 
S 

Dry 
S 

Wet 
S 

Dry 
S 

Wet 
S 

Dry 
S 

Wet S Dry S Wet 
S 

Dry 
S 

Wet 
S 

Dry S Wet 
S 

Dry S 

1 BH1 235 217 0.25 0.15  0.08  0.05 3.275  3.02  0 0  400  379  0.09  0.04 

2 BH2 250 244 0.21 0.21  0.36  0.26 4.440  4.09  0 0  420  411  0.39  0.3 

3 R 800 105 165 0.31 0.21 0.08 0.06 4.470  3.78  1.92 2.52  185  196  0.09  0.06 

4 R 200 105 145 0.24 0.23 0.01 0.02 3.290  3.11  4.10 3.70  195  213 0.01 0.01 

5 MAOSS 45 112 0.20 0.32  1.04  1.04 1.670  1.61  0 0  75  87  1.11  1.3 

6 MOSS 105 153 0.16 0.16 0.08 0.31 0.003 1.62 0 0  25  43 0.09 0.39 

7 TOSS 80 143 0.21 0.31  0.01  0.01  2.330  2.12 0 0  105  97  0.01  0.08 

8 Sutana S 50 132 0.17 0.15  0.36  0.32  2.645  2.33 0 0  50  69  0.39  0.29 

9 K01   D1 135 189 0.30 0.30 0.01 0.02  2.855  3.15 0 0  315  311 1.73 0.01 

10 K01   D2 130 194 0.21 0.26 0.02 0.04  4.020  3.97 0 0  280  277 0.08 0.02 

11 K01   D3 160 176 0.40 0.40 0.18 0.15  5.350  4.37 0.18 0  295  313 0.19 0.10 

12 K04   D4 120 181 0.05 0.15 0.36 0.27  3.290  3.23 0.10 0.40  255  259 0.39 0.33 

13 K04   D5 135 113 0.22 0.12 0.01 0.01  2.855  2.15 0.35 0.45  285  278 1.63 0.07 

14 K04   D6 140 147 0.27 0.24  0.18  0.13  5.702  5.21 0.25 0.35  280  289  0.19  0.15 

15 K03   D7 120 134 0.16 0.13 0.01 0.01  4.813  4.97  0 0  325  317 0.01 0.06 

16 K03   D8 135 119 0.15 0.17 0.01 0.01 2.855  2.73  0 0  305  312 0.01 0.01 

17 K03   D9 125 155 0.25 0.28 0.01  0.05  4.634  5.37 0 0  280  310 1.71   0.15 

 WHO 300 300 0.2 0.2 1.5 1.5 50 50 0.5 0.5 200 200 1.5 1.5 

Kebele03 distribution9, Su; sutana, THOSS; Tekelehaymanot 0n-spot spring, MOSS; Mesne on- spot spring, MA; Maremiya on-
spot spring, R800; reservoir 800, R200; reservoir200, BH1; Borehole1, BH2; Borehole2. 
 

 

 

 

 

 

 

 

 

 

 

Table - 5: Test Result of the Chemical Water Quality Parameters of Injibara Water supply system (Dry & Wet Seasons)

The abbreviation indicated that: WHO; world health organization, EWQSA; Ethiopian water quality standard Agency, K0 D9; 
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3.2.3. The Microbiological Water Quality Test 

The main parameters for microbiological water quality are 
three, the total coliform, the fecal coliform, and the E.coli 
colony forming units per 100ml.  

 The various bacterial species that make up total coliform 
bacteria are found in soil, vegetation, and human and animal 
excrement. [50].  All test samples except reservoirs 800, 200, 
K04 D4, K04 D5, and K04 D6 had positive results for total 
coliform, fecal coliform, and E. coli, whereas the WHO and 
national standard call for zero or forbid any detection of 
coliforms in drinking water [51]. It showed that ineffective 
chlorination and inadequate water treatment lead to higher 
levels of TC and FC in the distribution system [45]. According 
to the standard, drinking water shouldn't include any E. coli 
colony-forming units or total coliform. While the residual 
chlorine level in Kebele 03 is nil, the contamination level 
there was determined to be greater. In certain areas of the 
samples, the residual chlorine was zero, meaning that the 
chlorine's disinfecting power had already been used up as it 
was flowing through the pipe network. Localities with zero 
residual chlorine levels may experience bacterial 
development in their pipe water and consequently be 
susceptible to waterborne illnesses until the chlorine dosage 
is increased. 

4. Conclusions and Recommendations 

4.1. Conclusions 

Access to water in Injibara is a major challenge, with 
water available only one day a week for 18 hours, and 
frequent power outages disrupting this schedule. The town 
provides just 25 liters per capita per day, which is below the 
national standard. The water supply is limited by factors like 
insufficient water sources, production constraints, leakage 
(up to 50%), and power outages, while the system's 
coverage is limited. Additionally, the high cost of water 
infrastructure investment, combined with minimal available 
resources, makes it difficult to achieve the SDG 6.1 goal. 
Affordability is also an issue, as residents struggle with high 
tariffs, while the water office lacks funds to expand services. 
About 28.7% of the city lacks piped water, and demand for 
new connections is high. Areas in higher altitudes and slums 
experience low pressure and poor water quality, with no 
residual chlorine, increasing the risk of waterborne diseases. 
The town’s water quality has significant chemical and 
microbiological issues, with tests showing contamination by 
fecal coliforms, E. coli, and no residual chlorine in some 
areas. This poses a public health risk, reflected in the high 
incidence of waterborne diseases such as diarrhea, intestinal 
infections, and typhoid fever, which together account for 
29% of the top 10 diseases in the past five years. 

4.2.  Recommendations 

To improve Injibara's water supply systems, investments, 
and community involvement are crucial. Key actions include 

expanding networks to underserved areas, building 
reservoirs, fixing leaks, upgrading infrastructure, and 
enhancing water quality. Alternative water sources, such as 
groundwater extraction and new spring development, 
should be explored. Geographic disparities and financial 
barriers should be addressed to ensure equitable solutions. 
Improving water quality in low-pressure areas requires 
repairing old pipes and introducing chlorine to combat 
health risks. Policy interventions should prioritize 
infrastructure upgrades, equitable access, and community 
participation. 
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