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Surface water is one of the sources of global potable water. However, the quality of surface water has been degrading due to an
increase in human activities. Hence, the present study was conducted to evaluate the spatial and temporal variability in drinking
water physico-chemical and bacteriological characteristics from the different sources in Mizan-Aman, Ethiopia. The physico-
chemical characteristics of water at the Kosokol site were found to be statistically different (p < 0.05) from the other sites (Gacheb,
Tsit, Reservoir 1, and Reservoir 2 sites). The dry and wet season temperature (27.1 and 23.8°C), turbidity (37.4 and 54.8 NTU),
pH (7.6 and 8.1), biological oxygen demand (18.1 and 20.7 mg/1), phosphate (2.4 and 3.5 mg/1), and ammonia (2.2 and 4.8 mg/1) of
the water were beyond the acceptable limit set for drinking water by both Ethiopian standards (temperature: <15°C; turbidity: 7
NTU; pH: 6.5-8.5; BOD: 10 mg/l; phosphate: 0.02 mg/l; and ammonia: 1.5 mg/1) and the WHO standards (temperature: <15°C;
turbidity: 5 NT U; pH: 6.5-8.5; BOD: 5mg/l; phosphate: 0.01 mg/l; and ammonia: 1.5 mg/l). The total coliform (366.5 and
494.3 CFU/100 ml) and fecal coliform (209.5 and 278.3 CFU/100 ml) contents of the water in the dry and wet seasons are beyond
the acceptable limits for drinking water by Ethiopian standards (total and fecal coliform: 0) and the WHO standards (total and
fecal coliform: 0). The physico-chemical and bacteriological characteristics of the water in the wet season were found significantly
higher than those (p < 0.05) in the dry season. In general, the water quality changes on a spatial and temporal basis in the study
area. Thus, it is important to encourage water quality management works at the upper source sites of the catchment. Furthermore,
the city water authority should reinforce safeguarding treatment processes, continuous monitoring of water quality as well as risk
assessment and management practices.

1. Introduction

Water is one of the major important elements for the
survival of human being on the earth [1]. Humans need
water for drinking, food, cooking, body and cloth washing,
recreation, plant and animal production, environmental
cleaning, industry, construction activities, etc. [2]. The water
covers 72% of the earth; yet, 97% of the earth water is saline
water in oceans and seas. The remaining 3% is fresh water
captured majorly in glaciers and the rest hosted in the
ground and surface water reservoir [3]. The surface and

ground waters are sources of drinking water for more than
33% of the populations of the globe [3, 4]. However, the
surface water quality worsens due to human activities and
climatic changes [5, 6]. Currently, drinking water quality has
been a major human health challenge in developing
countries [7].

Water for human consumption must be free of con-
tamination, safe, and adequate [8]. However, the surface
water sources such as lakes, rivers, and open wells were open
to the atmosphere and are subject to run off from the land.
Hence, it can be easily contaminated by living and non-
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living organisms, toxic elements, and chemical substances in
concentrations large enough to affect health [9, 10]. Globally,
663 million people used unimproved drinking water sources
in 2015 [11]. For example, at least 2 billion people use
a drinking water source contaminated with feces in the
world [12]. Similarly, in sub-Saharan Africa, half of the
people are using unimproved drinking water sources [13].

Ethiopia is the water tower of Africa because of its many
rivers and lakes that emanate from the Ethiopian highlands.
However, the country has one of the lowest rates of coverage for
improved water and sanitation in the world and sub-Saharan
Africa. Nearly 42 million people lack access to safe drinking
water, and 94 million people lack access to basic sanitation [14].
Urban residents draw their potable water from piped municipal
suppliers after treatment of water from sources such as rivers,
lakes, streams, ponds, reservoirs, springs, and wells [15, 16].
Since water from those sources are open to air and running on
the surface of the soil, it dissolves naturally occurring minerals
and can pick up many substances generated by human activ-
ities. For example, climate changes, agricultural land expansion,
land degradation, increases in population, deforestation, and
urbanization have led to the deterioration of the surface and
subsurface water sources [17-20]. This leads to pollution be-
cause of a great variety of inorganic contaminants, pesticides,
herbicides, and organic chemical contaminants [15, 21] and
increases water treatment cost [18]. Incidentally, drinking water
pollution increases exposure to waterborne diseases such as
gastroenteritis, cholera, hepatitis, diarrhea, typhoid fever, and
dysentery [22]. Ayaliew Werkneh et al. [23] reported that more
than 80% of human diseases in Ethiopia are attributed to poor
access to clean water and better sanitation. Also, diarrhea is the
second killer of under five year’s children in Ethiopia.

Mizan Teferi water treatment plant was constructed in
2006 to supply drinking water for Mizan Teferi, Aman, and
surrounding areas. The upper Gacheb catchment is head-
waters of Gacheb river, which is the source of water for the
water treatment plant. However, the increase in human
population and associated human activities has led to land
degradation in the Gacheb catchment [24, 25]. For instance,
land degradation was followed with an increase in sediment
concentration, reservoir siltation, runoff, flood, and nutrient
concentration and deterioration in reservoir water storage
capacity and water quality in Ethiopia [26, 27]. Furthermore,
the study reported that sedimentation resulted in the re-
duction of the reservoir depth from a design of 16 m in 1999
to 12m in 2001. This in turn increased the treatment cost of
water from 8,040 USD to 21,514 USD within two years of
interval [28]. Despite high human pressure at the upper
catchment, high rainfall, and waterborne diseases in the
study area, no prior research has been conducted on the
spatial and temporal-based water quality evaluation at the
source sites of drinking water rivers in recent years. How-
ever, the spatial and temporal scale water quality evaluation
at the watershed level is important for sustainable drinking
water quality management and treatment cost reduction
[6, 29-31]. Furthermore, it is important for understanding
the anthropogenic impacts in river water, providing the basis
for conservation and sustainable management of the natural
resources at the catchment scale [26].
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In addition, it will help provide baseline information for
further monitoring and tracking of changes in water quality
at the source and the reservoir. Thus, the study aimed at
determining the spatial and temporal physico-chemical and
bacteriological characteristics of source river sites of the
Gacheb river drinking water treatment plant during the wet
and dry seasons.

2. Materials and Methods

2.1. Description of the Study Area. The research was con-
ducted at Gacheb catchment drinking water source rivers
sites. The Gacheb catchment is a source of Kosokol, Tsit, and
Gacheb rivers, which drain to the White Nile through the
Gacheb and Baro-Akobo river system (Figure 1). The study
area is located at 6°59'N and 35°34'E. The elevation of the
study catchment ranges from 900 to 2700 m a.s.l. The rainfall
pattern of these areas is characterized by a bimodal distri-
bution with the small rainy season (March to June) and the
main rainy season (July to November). The average air
temperature ranges from 13 to 27°C [32]. In 2019, the total
population of the Mizan-Aman town was 79,581 of which
40,678 were male and 38,903 were female [33].

2.2. Sampling Techniques and Sample Collection. A pre-
liminary field visit was made using a topographic map and GPS
to fully understand the land features, the tributary, rivers, and
reservoir for locating the study area’s representative water
sampling points. The water samples were collected on January
10" and July 17, 2020, corresponding to the dry and wet
seasons in the study area. A total of 5 sites (Kosokol, Gacheb,
Tsit, Reservoir 1, and Reservoir 2 sites) were selected in-
tentionally based on their water contribution to the treatment
plant, human activity on the upper reaches of rivers sites, and
location in relation to water treatment (the source and reservoir
site). A total of 30 samples were collected from five sites, with
three replicates at two seasons (dry and wet seasons) (5 sites * 3
replicate * 2 seasons). The water samples from the five sites
were collected using the composite sampling technique of
APHA [34] by manually inserting a plastic jar at different
depths of the river [35], and the grabbed water samples were
collected into 10L plastic bucket, from where the one com-
posite sample was taken using 1000 ml plastic bottles for quality
analysis in the laboratory (Supplementary file 1).

Sample bottles were carefully washed with distilled water
before taking the samples to prevent any cross contami-
nation from the previous samples. All bottled composite
water samples were capped immediately, stored in an icebox
(below 4°C), and transported immediately to the Jimma
University Environmental and Technology Water Quality
Laboratory. To avoid decomposition, water samples were
immediately filtered in the laboratory using a water jet
vacuum pump at low pressure before nutrient analysis [36].

2.3. Physico-chemical and Bacteriological Analysis

2.3.1. Physico-chemical Analysis. All physico-chemical
characteristics of the water were analyzed following the
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FIGURE 1: Location of the sampling sites at the Kosokol, Tsite, and Gacheb rivers in the Gacheb catchment.

standard methods for the examination of water and waste
water [34]. The analysis of the physico-chemical parame-
ters was carried out within 48 hours of the sampling time.
The water samples were carried through icebox and kept in
the refrigerator until the analyses were performed. All the
reagents were of high purity along with ultrapure water
which was used for reagent preparation and analysis for the
present study.

(1) In Situ Analysis. The five sites’ wet and dry season water
physico-chemical characteristics such as pH, temperature,
electrical conductivity (EC), and total dissolved solid (TDS)

were tested onsite by using a portable multimeter (model
HQ40d multi Hach Lange).

(2) Ex Situ (Laboratory) Analysis. The wet and dry season
water samples’ physico-chemical characteristics such as tur-
bidity, total suspended solids (TSS), total hardness (TH),
biological oxygen demand (BOD), phosphate (PO,4-3), nitrate
(NO3-N), and ammonia (NH;-N) were analyzed at the Jimma
University Environmental and Technology Water Quality
Laboratory. The wet and dry season water samples’ physico-
chemical analysis was conducted by following the standard
methods for the examination of water and waste water [34].
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FIGURE 2: Water temperature, turbidity, and conductivity of the different river sites at wet and dry seasons of the year. Study sites:
GS = Gacheb site, TS = Tsit site, KS: Kosokol site, RS1 = Reservoir site 1, and RS2 = Reservoir site 2. Number of replicates (n = 3). Mean values
of the different sites’ water temperature, turbidity, and conductivity with similar letter within the same season (wet or dry season) are not
significantly different to each other at p <0.05. The red dotted line is the WHO limits for drinking water quality.

The water turbidity of the samples was determined by using
a digital turbidity meter (model Oakton: T-100), electrical
conductivity by digital conductivity meter, total suspended
solid (TSS) by using Whatman paper filtration techniques,
total hardness by the titration method, PO4-3-P by the am-
monium molybdate method, NO5-N by the sodium salicylate
method, and NH;-N by the indophenols blue method. The
biological oxygen demand (BOD) was determined by azide
modification of Winkler’s titrimetric method by determining
the dissolved oxygen contents of the samples before (D1) and
after five days (D2) of incubation at 20°C.

2.3.2. Bacteriological Analysis. Wet and dry season bacteri-
ological characteristics of total coliform (TC) and fecal coliform
(FC) were analyzed using the standard method specified by
Clesceri et al. [37]. Wet and dry season water samples’” bac-
teriological indicators such as total coliform (TC) and fecal
coliform (FC) were analyzed by the 100 ml membrane filtration
technique using 0.47 mm diameter and 0.47 ym size filters as
specified in the standard methods [37]. For TC and FC
membranes, lauryl sulphate (MLS) media were used, samples
were incubated at 35°C and 44.5°C for 24 hr, respectively, and
yellow colonies were counted as TC and FC.

2.3.3. Data Analysis. The five sites’ wet and dry season water
physico-chemical and bacteriological characteristics were
tested by one-way ANOVA using SPSS (version 20). The
mean differences in physico-chemical and bacteriological
characteristics of the five sites were compared by the least
significant difference (LSD) at a 5% level of significance.

3. Results and Discussion

3.1. Physico-chemical and Bacteriological Characteristics of
Drinking Water Source River Sites

3.1.1. Physical Characteristics of Drinking Water Source River
sites

(1) Temperature. There was a significant difference
(p<0.05) in the wet and dry season water temperatures
among river sites. The highest dry and wet season water
temperature was recorded in KS (27.7+1.1°C), RSl
(28.4+1.2°C), and RS2 (27.6 £ 0.6°C) sites (Figure 2). The
presence of high temperature on those sites may be related
to the increase in light absorption associated with the
presence of high total suspended sediment (TSS) on those
sites. This is inconsistent with the results of Nyanti et al.
[38]. The wet season water temperatures in GS, KS, RS1,
and RS2 sites were significantly different (p < 0.05) from TS
(Figure 2). The highest water temperature was recorded in
GS, KS, RS1, and RS2 sites. The wet and dry season tem-
peratures of the water in all sites were found above the
permissible limit of the WHO (<15°C) [39].

(2) Turbidity. The dry and wet season water turbidity was
significantly different (p < 0.05) between the sites (Figure 2).
The high-water turbidity was recorded in the KS site
(66.7 + 1.5 NTU), and the presence of high turbidity is re-
lated to high suspended sediment and nutrients in the river
because of soil erosion from the new road construction site
and farming land on the upper catchment of the Kosokol
river site (KS). Furthermore, since the KS site is the river
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FIGURE 3: Water total suspended solid of the different river sites at wet and dry seasons of the year. Study sites: GS = Gacheb site, TS = Tsit
site, KS: Kosokol site, RS1 = Reservoir site 1, and RS2 = Reservoir site 2. Number of replicates (n = 3). Mean values of the different sites water
total suspended solid with similar letter within the same season (wet or dry season) are not significantly different to each other at p < 0.05.
The red dotted line is the WHO limits for drinking water quality.

crossing the main town, there is discharge of organic ef-
fluents from urban households. This is in agreement with the
statement of Goransson et al. [40] and Adeola Fashae et al.
[41] that the presence of high sediment and discharge of
sewage organic effluents increase river turbidity. The wet and
dry season water turbidity of the river water in all the sites
exceeds the limit set by ES (7 NTU) and the WHO (5 NTU).

(3) Electrical Conductivity (EC). The dry and wet season water
EC content was significantly different (p < 0.05) between the
river sites (Figure 2). The highest dry season EC content was
recorded in the RSI site due to the presence of the high
sediment load from upper urban and agricultural land uses.
The presence of high EC during the wet season in the KS site
(65.6 £2.0 uS/cm) is associated with high sediment transport
from the urban road and agricultural land during high rainfall
events and the availability of chloride, phosphate, and nitrate
ions from the urban sewage system. The wet and dry season
water EC of all the sites is below the limit set by ES (1500 uS/
cm) and the WHO (1000 #S/cm). The finding is in line with the
results of Bhateria and Jain [42] who reported an increase in EC
with an increase in the clay soil load and ions in the lake water.
The increases in water’s electrical conductivity during dry
periods are related to evaporation and low precipitation and
discharge of ion containing effluents from cities [6].

(4) Total Suspended Solids (TSSs). The dry and wet season
water TSS content was significantly different (p <0.05)
between the sites (Figure 3). The presence of dry and wet
season high TSS in the KS site (dry: 248.4 +2.2mg/L and

wet: 322.6+1.3mg/L) is attributed to the soil loss from
agricultural land, new road sites, and urban sites into wa-
terways. This finding is in line with Hart’s [43], who reported
a high TSS content of water after road construction, ur-
banization, and agricultural land expansion. Except for the
KS site, the dry and wet season TSSs of water in all sites are
within the limit set by the WHO (<300 mg/1).

3.2. Chemical Characteristics of Drinking Water Source River
Sites

3.2.1. pH Value. The dry and wet season pH of the water in
the KS site was significantly different (p <0.05) from the
other sites (Figure 4). The presence of high pH on the KS site
(dry: 8.7 £ 0.3 and wet: 8.3 £ 0.3) is related to the use of soap
and other detergents for washing of clothes and body on the
upper sites of the KS river. The finding is consistent with
Goel and Kaur’s [44], who reported increases of water
pH due to soap and detergents’ presence in the water. Except
for the wet season pH at the KS site, the dry and wet season
pH of the water in all sites is within the permissible limit of
ES (6.5-8.5) and the WHO (6.5-8.5). Similarly, a study
conducted in Malaysia by Sulaiman and Mohd Kasim [45]
reported that the pH values of the samples were within the
recommended WHO range.

3.2.2. Total Hardness (TH). The wet and dry season TH
content of the water at the KS site was significantly different
(p<0.05) from the other sites (Figure 5). The highest TH
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was recorded in the KS site (dry: 37.0 £ 4.6 mg/L and wet:
45.3 + 3.1 mg/L). The presence of high TH in the KS site is
attributed to the presence of dissolved minerals such as
calcium and magnesium from urban effluent discharge into
the waterways. The finding is similar to the results reported
by Dudziak and Kudlek [46], who reported the high Ca and
Mg content and water hardness due to discharge of
wastewater effluent from the urban area. Both wet and dry
season water hardness of all the sites was below the per-
missible limit of ES (300 mg/l) and the WHO (300 mg/l).

3.2.3. Total Dissolved Solids (TDSs). The dry and wet season
TDS content was significantly different (p < 0.05) between the
sites (Figure 5). The presence of high-water TDS on the KS site
(dry: 105.1£10.1 and wet; 165.2 +14.2) is associated with the
discharge of urban household effluents into the waterways and
urban and agriculture runoff. This result is matched with Rusydi
[47] who reported an increase in water TDS with an increase in
domestic waste effluent discharge and agriculture runoff. The
TDS content of water in all sites are below the permissible limit
set by ES (1000 mg/l) and the WHO (300 mg/l).

3.2.4. Biological Oxygen Demand (BOD). The wet and dry
season BOD content of water was significantly different
(p <0.05) between the sites (Figure 5). The presence of a high
BOD content in the KS site (20.6 + 0.5mg/l) during the dry
season is attributed to the discharge of organic waste effluents
from the urban households into the waterways, as evidenced
by the high ammonium concentrations on the site. This result
is in agreement with Edokpayi et al. [48]. The presence of high
BOD in the KS (22.9+2.0mg/l), GS (21.9 + 1.5mg/l), RS2
(20.8 £ 1.8 mg/1), and RS1 (20.5+1.0mg/]) sites in the wet
season is associated with the increase in the organic material
load from agriculture and urban land use. Both the wet and
dry season BOD contents of water is above the permissible
limit set by ES (10 mg/1) and the WHO (5 mg/1). This finding
is in line with the report of Patil et al. [15] and Susilowati et al.
[49]. At the surface of the water, anionic surfactants produce
foam, limiting the gas exchange between water and the at-
mosphere, destroying aerobic bacteria responsible for
decomposing organic matters [50, 51].

3.2.5. Phosphate. The wet and dry season phosphate content
of the water was significantly different (p < 0.05) between the
sites (Figure 6). The highest dry and wet season phosphate
content of water was recorded in the KS site (dry:
4.2+ 0.1 mg/l and wet: 5.7 + 0.1 mg/l). The higher phosphate
content of water in the KS site is attributed to the discharge
of organic effluents from urban areas, the use of soap for
washing clothes and bodies, and sediment transport and
phosphorous fertilizer from the agricultural land. A similar
result was reported by Wu et al. [52] who reported increases
in the phosphate level in water due to human interventions
such as municipal waste water and agriculture runoff. Both
wet and dry season phosphorous contents of the sites were
above the permissible limit set by ES (0.02mg/l) and the
WHO (0.01 mg/l).

3.2.6. Nitrate and Ammonia. The dry and wet season nitrate
and ammonia content of the water was significantly different
(p <0.05) between the sites (Figure 6). The highest dry and
wet season nitrate (dry: 13.9 £ 0.1 mg/l and wet: 8.6 £ 0.7 mg/
1) and ammonia content (dry: 2.8+0.1mg/l and wet:
6.5+ 0.2 mg/1) was recorded in the KS and GS sites. The high
nitrate and ammonia content on those sites is associated
with organic effluent discharge from municipal and soil
organic and inorganic nitrogen source loss from the agri-
cultural lands. The results of both nitrate and ammonia
contents are in agreement with the findings of Yeo et al. [53],
Patil et al. [15], Causse et al. [54], and Gorski et al. [55] who
reported that the discharges from municipal waste effluent
and agricultural runoft have led to an increase in the con-
centration of ammonia and nitrate in river water. The wet
and dry season nitrate content of the water on all sites was
below the permissible limit set by ES (50 mg/1) and the WHO
(11.3mg/l) [10]. However, the odor and test threshold of
ammonia at alkaline pH were approximately 1.5mg/L and
35 mg/L, respectively [8]. Thus, the ammonia content of the
water at the KS and GS sites is above the odor threshold level
for ammonia.

3.3. Bacteriological Characteristics of Drinking Water Source
River Sites

3.3.1. Total Coliform and Fecal Coliform (TC and FC).
The dry and wet season T'C content of water was significantly
different (p < 0.05) between the sites (Figure 7). The presence
of high TC content in the GS (428.0 +28.0 CFU/100 ml) and
KS (427.0+37.8 CFU/100ml) sites was attributed to the
discharge of sanitary wastes and effluents from the urban
households and leaching of animal manure into the river
passing the upper catchment. Furthermore, the lack of hy-
giene facilities in most rural setups of the upper catchment of
the two sites promotes open human waste disposal, thus
increasing the TC content. The report is inconsistent with the
findings of Onyango et al. [56], who reported a high con-
centration of TC in river water due to defecated materials and
municipal wastes from urban and rural settlements. The
highest wet season TC content of water was recorded in RS1
(591.0 +51.7), RS2 (566.7 + 65.6), and KS (530.7 + 61.8) sites.
The wet and dry season TC of the water is above the per-
missible limit set by ES (0 CFU/100ml) and the WHO
(0 CFU/100 ml).

The dry and wet season FC content of water was sig-
nificantly different (p < 0.05) between the sites (Figure 7). The
highest FC content of the water was recorded in the RS1 (dry:
233.3+55CFU/100ml and wet: 349.3 +15.6 CFU/100 ml)
and RS2 (dry: 232.3 £3.5 and wet: 347.7 + 13.1 CFU/100 ml)
sites. The dry and wet season FC is beyond the acceptable limit
set by both ES and the WHO (Table 1). The finding is
consistent with Alemu et al. [19] and Haydar et al. [57] who
reported high dry and wet season water FC content, which is
unacceptable and unfit for human consumption. Similarly,
the findings of Rosca et al. [51] who observed the high content
of fecal coliforms (181.46 bacteria/ml) in several lakes in
Romania. The study indicates that the inhabitants are under
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FIGURE 6: Water phosphate, nitrate, and ammonia of the different river sites at wet and dry seasons of the year. Study sites: GS = Gacheb site,
TS = Tsit site, KS: Kosokol site, RS1 = Reservoir site 1, and RS2 = Reservoir site 2. Number of replicates (n = 3). Mean values of the different
sites water phosphate, nitrate, and ammonia content with similar letter within the same season (wet or dry season) are not significantly
different to each other at p <0.05. The red dotted line is the WHO limits for drinking water quality.
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the severe threat of water-related diseases and health risks.
The continuous consumption of such contaminated water
could pose severe health risks, especially in children, the
elderly, and immune-compromised individuals.

3.4. Seasonal Physico-chemical and Bacteriological Charac-
teristics of Water. The physico-chemical and bacteriological
characteristics of the river water during the wet season were
found to be significantly different (p <0.05) from the dry

season (Table 1). The wet season turbidity, conductivity,
TSS, pH, TH, TDS, BOD, phosphate, nitrate, ammonia, TC,
and FC content were significantly higher than that of the dry
season. This is due to the transport of nutrients, soil, and
wastes into the waterways by the runoff during the high
rainfall events during the wet season. This study finding is
consistent with the findings of Ioryue et al. [58] and Mohd
Shafiq et al. [59], who reported higher physicochemical
characteristics of water in the wet season than in the dry
season in Nigeria. However, the water temperature in the dry
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season was found to be higher than in the wet season. The
findings are in line with Ngabirano et al. [60], who also
reported a higher temperature in the dry season than in the
wet season.

4. Conclusions

Water physico-chemical and bacteriological characteristics
are important indicators of potable water quality. The
Kosokol site (KS) is one the majorly polluted sites compared
to others study sites, and the water quality at the site falls
below the standard limits set for drinking water by Ethiopia
and the WHO standards. The water quality during the wet
season showed a significant deterioration compared to the
dry season. In general, the study reveals that the physico-
chemical and bacteriological characteristics vary with
change in space and time. Moreover, the water quality
deteriorates further during the wet season. Therefore, it is
crucial to urgently focus on strengthening sustainable
management practice in the catchment area to improve
drinking water quality, reduce water treatment costs, and
ensure human health security by mitigating waterborne
disease. Furthermore, it is essential to enhance watershed
management practices in the upper reach of the Gacheb
catchment and conduct long-term studies at multilocations
within the study area.

Abbreviations

BOD: Biological oxygen demand
EC:  Electrical conductivity
ES:  Ethiopian standard
FC:  Fecal coliform
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RS2: Reservoir 2

TC: Total coliform

TDS: Total dissolved solids
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