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� The Wabe River's irrigation index values show that the water is suitable for agriculture.
� In every sampling point over both seasons, the findings of the RSI, AI, and LSI are less than 9.
� Major contributors to sample site W4 contamination are urban wastewater and leachate.
� Gibb's figure shows that the origins of pollution are geological features and sediment influx.
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A B S T R A C T

The Wabe River is bordered by 74.84% agricultural area, and farmers rely solely on rainfall. The present research
made an attempt to investigate the suitability of the Wabe river water for Agricultural and Industrial purpose. The
suitability of river water for agricultural use was evaluated using the sodium adsorption ratio (SAR), potential
salinity (PS), magnesium ratio (MR), Kelly index (KI), permeability index (PI), residual sodium carbonate (RSC),
sodium percentage (%Na), and heavy metal pollution index (HPI). Additionally, the Ryznar Stability Index (RSI),
Aggressive Index (AI), and Langelier Saturation Index (LSI) were used to evaluate the river water's suitability for
industrial uses. Furthermore, plot the Gibb's diagrams to identify the sources of pollution and Piper diagrams to
determine the hydrochemical composition of Wabe water. According to the HPI, pollution levels in the wet and
dry seasons ranged from 53.34 (low) to 317.58 (medium) and 32.24 to 102.42 (low), respectively. The results
showed that the Wabe River has very acceptable water quality characteristics and that the trace elements iden-
tified did not surpass thresholds that made them dangerous for agricultural usage. The findings showed that
domestic wastewater and leachate contamination at sampling point W4 is the cause of the water quality dete-
rioration in the downstream zone. The Ryznar Stability Index (RSI), Aggressive index, and Langelier saturation
index readings were less than 9 at all sampling locations during both seasons, suggesting that the river water was
corrosive, highly aggressive and unusable for industrial use without treatment.
1. Introduction

Rivers and lakes are the principal surface water resources most
accessible to human consumption, irrigation and industrial uses
(Ustao�glu et al., 2021; Shil et al., 2019). Due to the rapid increase in
human population, urbanization, and industrialization, these freshwater
resources are being abused (Menberu et al., 2021). However, because of
water pollution and climate change during the past 10 years, the water
deficit has expanded to be a worldwide problem (Ustao�glu et al., 2020).
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Water pollution poses a threat to the long-term sustainability of water
resources, human existence, and socioeconomic growth (Ustao�glu and
Tepe, 2019). It also results in water scarcity, decreased agricultural crop
production, tainted food chains, illnesses, and the demise of aquatic life
(Egbueri et al., 2021).

Wabe River is one of the prime sources of drinking and irrigation for
the nearby communities throughout the stretch. Wabe River is one of the
rivers in the Gurage zone of southern Ethiopia flows across the urban
areas and ends up into the Omo-Gibe basin. A number of anthropogenic
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and natural activities, including agricultural runoff water (Ustao�glu et al.,
2021; Terfasa et al., 2019; Parris, 2011), domestic wastewater (Preisner,
2020; Ustao�glu and Tepe, 2019), dumping of solid waste in canals and
inappropriate locations (Menberu et al., 2021; Egbueri et al., 2021;
Weldeyohanis et al., 2020), urban sediment inflow (Egbueri, 2022; Sahle
et al., 2019; Ustao�glu and Tepe, 2019), river flows through lithogenic
structures (Asnake et al., 2021), and soil erosion (Reddythota and Tim-
otewos, 2022; Terfasa et al., 2019), have a negative impact on the water
quality over time. These surface water resources are no longer suitable
for drinking, industrial, agricultural, and other applications due to water
quality degradation (Egbueri et al., 2021; Ustao�glu et al., 2020; Hamid
et al., 2020; Şener et al., 2017).

On plant growth and crop productivity, the crucial levels of salts in the
water have a detrimental effect (Zaman et al., 2018; Etteieb et al., 2017;
Manuel et al., 2017). Water quality plays a vital role in food, beverage and
pharmaceutical industries where the end product is intended to be
consumed by the consumer. Pollutants will seep through the product,
seriously endangering the user. Food spoilage has an impact on food color,
texture, and edibility as well as nutritional value due to physical, chemical,
and biological pollutants (Amit et al., 2017). In addition, contaminated
water damages processes and corrodes pipes, boilers, and process units
(Egbueri et al., 2022). Enhancement of agricultural activities and estab-
lishment of industries are essential to have suitable water (Egbueri, 2022;
Ustao�glu et al., 2021). As a result, assessments of water quality and char-
acterizations of hydrochemical composition are now crucial components of
studies, planning, and management of water resources (Manea et al.,
2019). A water quality index is a mathematical technique for reducing a
large amount of data on water quality to a single number that expresses the
condition of the water quality of the water resource (Menberu et al., 2021).
The major percentage of farmers is still depending on the rain water rather
than the Wabe river water for agricultural activities. In rain-fed agricul-
tural systems, the yield of crops is significantly impacted by the seasonal
variations of rainfall (Edo Harka et al., 2021). The Wabe River will solve
the water challenges for agricultural activities, if the water quality is
suitable. The goal of this study is to use a variety of water quality indices to
determine whether the Wabe River water is suitable for industrial and
agricultural use.

The aim of the present study is to (i) evaluate the spatial and seasonal
changes of physicochemical and heavy metals parameters affecting the
water quality of Wabe River, (ii) applying multiple irrigation water
quality indices, industrial purposes suitability indices, and heavy metal
pollution indices to evaluate the suitability of river water for irrigation
and industrial applications during the wet and dry seasons, (iii) calculate
the irrigation water quality of the river with sodium adsorption ratio
(SAR), potential salinity (PS), magnesium ratio (MR), Kelly index (KI),
permeability index (PI), residual sodium carbonate (RSC), and sodium
percentage (Na%) indexes, and (iv) determine the heavy metal values in
the water with heavy metal pollution index (HPI) index to evaluate in
terms of public health. (v) calculate the water quality of the river for
industrial purposes with Langelier Saturation Index (LSI), Aggressive
Index (AI), and Ryznar Stability Index (RSI) indexes (vi) piper diagrams
were used to determine the hydrochemical makeup of the contaminants
in the water, and Gibb's diagrams were used to evaluate the causes of
pollution. The Wabe River's water quality state and sources of contami-
nation have never before been thoroughly examined in one study, which
will serve as a benchmark for potential future studies.

2. Methodology

2.1. Description of Study Area

Wabe River flows from the west to the southwest of south-central
Ethiopia, near wolkite town and 178 km from the capital city of Addis
Ababa. The Wabe River originates in the Gurage mountain range and
flows into the Gibe River, which is one of the Omo-Gibe basin's sub-
catchments (Legese et al., 2019). The Wabe River catchment is located
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at 08�2103000–08�3000000N, and 37�4900000–38�0504000E (Figure 1). The
catchment covers an area of 1860 km2 and has elevations ranging from
1014 to 3611 m. The river is 91 km long, with an average annual flow of
30.4 m3/s. Wabe River watershed is categorized as belonging to the
woinadega zone in accordance with Ethiopia's agroecological categori-
zation. The dry and rainy seasons last from November to May and June to
October, respectively, and the Wabe catchment region receives 70–90%
of its annual rainfall from June to September. The highest temperature is
between 20 �C (during the rainy season) and 39 �C (in the dry season).
While the minimum temperature ranges from 0 �C to 19 �C. The average
temperature is 18 �C and the mean annual rainfall ranges between 1111
to 1374mm (Sahle et al., 2019).

The upper and middle portions of the watershed have porous, well-
draining soils, but the lower part has poor drainage and less permeable
soils. In the Wabe River watershed, there are four main types of soil: loam,
loam (huntisol), clay, and sandy loam. In the river watershed, Clay and
Sandy Loam are the two most prevalent soil types (Namara et al., 2022).
On the other hand, the geologic condition of the catchment near to 90% is
covered by tertiary volcanic rock as a part of Omo-Gibe River basin.

The Wabe River watershed has a variety of different land uses and
land cover types, including areas with rocks, aquatic vegetation, irrigated
cropland, rain-fed agricultural land, floodplains, and areas with forests,
water bodies, shrub land, wood land, grass land, settlement areas, bare
land, and isolated trees. The majority of the watershed areas were
covered with agricultural or rain-fed cropland types of land. 74.84% of
the area is covered by agricultural land that receives water from rain.

There are two districts in the south-west shoa zone and six districts in
the gurage zone in the Wabe River basin (Oromia region). The munici-
palities in the Gurage zone's catchment area include Abeshge, Cheha,
Kabena, Kokir, Ezha, and Mehur Aklil. The Gurage zone's catchment area
has a total population of 537423 people (CSA Central Statistics Agency,
2017). The two Oromia region districts where a portion of the watershed
is located are Woliso and Saden Soddo. Districts in the south-west shoa
zone have 318074 people living in them (CSA Central Statistics Agency,
2017). Most of peoples life within the catchment depends on agriculture.

2.2. Sample site selection and sampling

Sampling sites were selected in the Wabe River based on the ease and
reliability of the access, irrigation practices, human settlements and
waste disposal activities (Figure 1). During the wet (July, August and
September) and dry (November, December and January) seasons, water
samples were collected by time-pace composite sampling method at a
depth of 30 cm from the surface on 10 selected sampling locations (T1,
T2, T3, T4, W1, W2, W3, W4, W5, and W6). Five samples were collected
and make it as a composite sample at each sampling point during both
seasons in 2021. Garmin model 60 was used to determine the geographic
locations of sampling points. The 1.5 L polyethene bottles were thor-
oughly cleansed and rinsed with 2 ml HCl. The bottles were cleaned with
sample water before being labelled properly. The water sample was
preserved in a 4 �C icebox for 24 h before being transported to Arba
Minch University's water quality laboratory for analysis, following to
APHA (2012) sampling technique.

2.3. Analysis of physicochemical water quality parameters

EC, pH, TDS, and temperature were measured at in-situ by portable
multimeter (HQ40D, USA) for each sample and the remaining nine pa-
rameters were analyzed in the ArbaMinchWater Quality Laboratory. The
titrimetric method was used to determine total hardness, carbonates
(CO3

2�) and bicarbonates (HCO�
3). The Argentometric method was used

to assess Chlorides. Sulfates (SO4
2�) by Spectrophotometric method (UV-

VIS spectrometer, India), Sodium (Naþ) and Potassium (kþ) by Flame
Photometric method (02655-10, Flame photometer, India) and Calcium
(Ca2þ) &Magnesium (Mg2þ), Copper (Cu2þ), Cadmium (Cd2þ), and Zinc
(Zn2þ) ions were determined by FAAS (BUCK Scientific 210 VGP, USA).



Figure 1. Location map of the study area.
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2.4. Kaiser–Meyer–Olkin and Bartlett tests

The Kaiser–Meyer–Olkin (KMO) and Bartlett tests were employed to
see if the data was suitable for Principal Component Analysis (PCA).
Kaiser–Meyer–Olkin (KMO) and Bartlett's tests were used to determine
the data suitability to execute the PCA (Child, 2006). KMO is a measure
of sample adequacy using Eq. (1). If only KMO value is greater than 0.5,
PCA can be used. Bartlett's test measures the relationship between the
variables at a significance level.

KMO¼
P

i 6¼ jr2 ijP
i 6¼ jr2 ijþP

i
6¼ ju

(1)

where as rij is the correlation matrix; U ¼ [uij] is the partial covariance
matrix; Σ ¼ summation notation.
3

2.5. Principal component analysis (PCA)

Principal Component Analysis (PCA) is a method for reducing the
dimensionality of datasets and obtaining major information based on the
original variables with no overlap. PCA was used to identify the key
components and sources in various seasons, which accurately indicate
the level of pollution in a water body. It is important to note that the
results of these analyses are divided into three categories, much like a
straightforward correlation analysis. Component loadings below 0.50 are
regarded as weak and inconsequential, but loadings between 0.50 and
0.75 are regarded as moderate and significant. Strong (high) loadings are
encountered in ranges greater than 0.75. Strong loadings are typically
considered to be extremely significant and to explain more specifics
about a particular dataset (Egbueri et al., 2022). The PCA analysis was
performed using SPSS 20.0 software.
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2.6. Hydro-chemical characteristics of Wabe river water

The ionic compositions of river water samples were explored and the
type of surface water was generated by using AqQA1.5 software. The
analytical values were plotted on a piper diagram during both dry and
wet seasons to determine the hydrochemical compositions of the river
water and water type. Gibbs diagrams were used intuitively to judge the
effect of these influences on the key chemical composition of river water.
MS EXCEL version 2016 was utilized to create the Gibbs diagram in this
investigation.

2.7. Suitability for irrigation use

Water's fitness for agricultural use is determined by a variety of
physicochemical parameters, principally dissolved salts (Shil et al.,
2019). The state and suitability of the Wabe river water for irrigation
were determined using various water quality indices such as SAR, PI, MR,
KI, RSC, PS, and %Na. Wilcox diagrams were also used to examine the
appropriateness of water for irrigation purposes using Wilcox diagram
software 6.7. Table 1 shows the summary of equations used for various
irrigation water quality indices and water quality classification.

2.8. Heavy metal pollution index (HPI)

Surface water pollution can be measured using the heavy metal
pollution index (HPI), which measures the combined and individual ef-
fects of heavy metals on water quality. This HPI is used to determine the
level of contamination in river water due to irrigation usage. The
following Eq. (2) can be used to calculate HPI.

HPI¼
Pn
i¼1

WiQi

Pn
i¼1

Wi
(2)

where, Wi is the given weightage of each heavy metal, with a value
ranging from 0 to 1. ‘n’ is the total number of heavy metals; Qi is the
quality rating of each heavy metal estimated by Eq. (3).
Table 1. Equations for Irrigation water quality indices and index value with
category classification.

Index Equation Value Category

SAR
SAR ¼ Naþffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Ca2þ þMg2þ

2

r <20 Excellent

20–40 Good

40–60 Permissible

60–80 Doubtful

>80 Unsuitable

Potential Salinity
(PS)

PS ¼ Cl� þ 1
2
* SO2�

4
< 3 Suitable

>3 Unsuitable

Magnesium Ration
(MR) MR ¼ Mg2þ*100

Ca2þ þMg2þ
<50 Suitable

>50 Unsuitable

Kelly Index (KI)
KI ¼ Naþ

Ca2þ þMg2þ
<1 Suitable

>1 Unsuitable

Residual Sodium
Carbonate (RSC)

RSC ¼ ðCO�2
3 þ HCO�

3 Þ�
ðCa2þ þ Mg2þÞ

<1.25 Suitable

1.25–2.5 Marginally
Unsuitable

>2.5 Unsuitable

Permeability Index
(PI) PI ¼ Naþ þ HCO�

3
1

Ca2þ þMg2þ þ Naþ
*100

<25 Unsuitable

25–75 Good

>75 Excellent

Sodium Percentage
(%Na)

% Na ¼
Naþ*100

Ca2þ þMg2þ þ Naþ þ Kþ

<60 Safe

>60 Unsafe

Source: Berhe (2020); Shil et al. (2019)..

4

Qi¼Vi
Si
*100 (3)
where Vi denotes the measured concentration of each heavy metal and Si
denotes the heavy metals' standard limits (Hasan et al., 2020). FAO
irrigation water quality standards were used in this study.

2.9. Suitability for industrial use

Water is required by companies for a variety of reasons, including
processing, cooling, boiler feeding, and sanitary purposes. Certain in-
dustries require high-quality water that is free of scale and corrosion. In
heavy industries, scale formation is a serious challenge (Wali et al.,
2020). In 1936, Langelier created the Langelier Saturation Index (LSI) to
analyze the scale growing capacity of various water qualities. The LSI was
estimated by Eq. (4) as (pHs) is the difference between the real pH of the
water and the saturated pH with calcium carbonate (Shil et al., 2019) by
Eq. (5).

LSI¼pHðsaturatedÞ � pHs (4)

pHs¼Aþ B� C� D (5)

The pHs A, B, C, and D are calculated using Langelier's method. If the
LSI value is negative, the water has a limited propensity for scaling. If the
LSI is positive, the water is more likely to develop scales. Langelier also
developed the aggressive index (AI), which is used to measure water
corrosivity. Because it ignores the effects of temperature, the AI is simpler
and more convenient than the LSI (Shil et al., 2019). Table 2 shows the
LSI and AI category-based results. AI was estimated by Eq. (6).

AI¼ pHðactualÞþCþ D (6)

where, the values C and D are determined using Langelier's method.
To minimize misinterpretation of the positive saturation index, Ryz-

nar created the stability index (SI). The Ryznar stability index (RSI) is
calculated by Eq. (7) as follows:

RSI¼ 2pHs� pH (7)

Where pH is the solution's measured pH, and pHs is the pH at saturation
point calculated using Langelier's method. The stability index value is
always positive for all waterways (Wali et al., 2020). Table 3 shows the
water classifications based on the Ryznar stability index.

3. Results and discussions

3.1. Water quality

Water quality is extremely important to all living organisms on the
planet. Pollution sources, climatic circumstances, geographical condi-
tions, location and time will have an impact on water quality (FAO,
2015). The water quality of the Wabe river is determined by tempera-
ture, pH, electrical conductivity (EC), total dissolved solids (TDS),
Calcium, Magnesium, Sodium, Potassium, Chlorides, Sulfates, carbon-
ates, bicarbonates, total hardness (TH), Cadmium, Copper and Zinc
(Table 4).
Table 2. Classification of water suitability based on LSI and AI.

Corrosive characteristics and
categories

Langelier index ranges
(LSI)

Aggressive index (AI)
ranges

Highly aggressive <�2 <10

Moderately aggressive �2 to 0 10 to 12

Non-aggressive >0 >12



Table 3. Category of water-based on RSI.

RSI Inferences RSI Inferences

<5.5 Heavy scale will form 4–5 Heavy scale

5.5–6.2 Scale will form 5–6 Light scale

6.2–6.8 No difficulties 6–7 Little scale or corrosion

6.8–8.5 Water is aggressive 7–7.5 Corrosion significant

>8.5 Water is very aggressive 7.5–9 Heavy corrosion

>9 Corrosion intolerable
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3.1.1. Temperature and pH
The temperatures of the Wabe river water samples were in the range

of 18 �C (T1) to 23.45 �C (W4) and 21 �C (T2) to 26.5 �C (W4) during the
wet and dry seasons, respectively (Table 4). Temperatures varied
Table 4. Summary of results obtained from both laboratory and field measurement.

Parameter Period T1 T2 T3 T4 W1

Temperature Wet 18 � 0.2 20.2 � 1.4 20.6 � 2.3 19 � 1.2 21

Dry 23 � 1.2 21 � 2.4 25 � 0.5 22 � 1.4 24

TDS Wet 64.7 � 8.7 55 � 12.1 76 � 7 47.46 �
15.7

58.

Dry 135 � 19.5 115 � 9.3 163 � 18.9 137.7 �
15.2

147

E.C Wet 119 � 16.4 105.7 �
10.4

135.3 �
12.05

101.3 �
17.6

112
23.

Dry 215 � 32.8 190.3 �
17.6

264.7 �
29.8

219.3 �
28.7

240

pH Wet 7.3 � 0.17 7.16 � 0.15 7.1 � 0.076 7.4 � 0.11 7.0

Dry 8.07 � 0.5 7.6 � 0.26 8.23 � 0.57 7.75 � 0.56 7.9

TH Wet 58 � 7.2 67.3 � 8.3 82.7 � 10 72 � 7.2 63.

Dry 26.7 � 4.2 30 � 5.3 44.7 � 6.4 34 � 9.2 45.

Chloride Wet 20.35 �
3.57

24.14 �
1.42

33.1 � 3.27 17.5 � 5.73 26.
4.2

Dry 27 � 3.75 34 � 3.7 42.6 � 5.12 52.54 �
1.42

35.

Ca Wet 10.7 �
1.49

14.02 �
2.77

18.5 � 3.05 15.2 � 3.17 14

Dry 5.2 � 1.8 9.4 � 3.4 8.3 � 1.3 10.85 � 1.5 8.6

Mg Wet 7.2 � 1.4 6.15 � 0.8 8.6 � 0.5 4.42 � 1.35 6.1

Dry 3 � 0.3 2.06 � 0.3 4.76 � 0.37 1.52 � 0.42 4.9

Sulphate Wet 11.7 � 3.5 14.37 �
6.65

26.57 � 9.3 15.3 � 12.7 19.

Dry 3.72 � 0.22 3.4 � 0.14 7.61 � 1.58 5.27 � 0.72 4.5

Bicarbonate Wet 32.7 � 5 40.6 � 7.57 57.33 �
12.2

34 � 7.2 45.

Dry 14.7 � 3.1 18 � 4 13.3 � 5 10 � 2 16.

K Wet 2.2 � 0.5 2.5 � 0.1 3.7 � 0.42 1.8 � 0.6 2.8

Dry 1.4 � 0.05 1.7 � 0.2 1.6 � 0.1 0.9 � 0.1 1.2

Na Wet 8.4 � 1.4 7.2 � 2.2 11.5 � 2.3 7.5 � 1.05 9.5

Dry 11.5 � 2.3 14.7 � 2.08 18 � 3.6 12.7 � 1.53 18.

Cd2þ (mg/L) Wet 0.007 �
0.07*

0.005 �
0.06*

0.009 �
0.05*

0.006 �
0.07*

0.0
0.0

Dry 0.005 �
0.04*

0.003 �
0.07*

0.006 �
0.07*

0.003 �
0.02*

0.0
0.0

Cu2þ (mg/L) Wet 0.18 �
0.19*

0.25 � 0.02 0.33 � 0.05 0.24 �
0.0375

0.1

Dry 0.11 �
0.04

0.16 � 0.08 0.22 � 0.06 0.18 � 0.12 0.1
0.1

Zn2þ (mg/L) Wet 0.095 �
0.01

0.115 �
0.02

0.185 �
0.03

0.08 � 0.02 0.1
0.0

Dry 0.048 �
0.01

0 .073 �
0.03

0.115 �
0.02

0.05 � 0.02 0.0
0.0
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significantly by season, dry season samples have considerably higher
than the rainy season. Wabe River Stream water reached its lowest
temperature at recorded from the upstream and the maximum temper-
ature from the downstream. The contamination of domestic wastewater
and leachate may be the cause of the greater temperature in the down-
stream. The rate of mineral dissolution has been found to tend to rise
with rising water temperature, despite the fact that there is no set stan-
dard limit for temperature (WHO World Health Organization, 2008;
Egbueri et al., 2019). Temperature influences the rate of chemical and
biological reactions in river water (Ficklin et al., 2013). Warming tem-
peratures due to climate change will affect plant growth and develop-
ment with crop yield (Hatfield and Prueger, 2015).

The pH values of the water samples were in the range of 6.63 (W4) to
7.5 (W5) and 7.42 (W2) to 8.5 (W4) during the wet and dry seasons,
respectively (Table 4). The sample pointsW4 andW2 recorded the lowest
W2 W3 W4 W5 W6

� 2.2 20.3 � 0.3 21.9 � 0.3 23.45 � 1.2 21 � 2.4 22 � 0.57

� 0.8 23 � 1.4 25 � 4 26.5 � 2.5 24 � 1.8 23.5 � 3

1� 12.8 66.7 � 16.2 74 � 6.55 85.3 ± 9.6 65.8 � 8.9 53 � 8.2

� 13 165.3 �
18.5

177 � 21.6 162 � 26.3 204.7 ±
17.4

171.67 �
24.8

.6 �
7

125 � 19.5 136 � 15.1 151 ± 13 120.6 �
15.3

104 � 9.2

� 22.2 265 � 35 287 � 30 255 � 38 325 ± 20 275 � 31.2

3� 0.15 7.37 � 0.3 7.2 � 0.46 6.63 � 0.2 7.5 ± 0.25 7.1 � 0.2

6� 0.72 7.42 �
0.09

8.2 � 0.26 8.5 ± 0.5 7.8 � 0.72 8.1 � 0.3

3 � 5.7 72 � 2 94.7 � 9.2 106.7 ± 7.5 84 � 8 63.3 � 5.77

3 � 4.6 40 � 7.2 50.7 � 11.5 42 � 7.2 55.3 ± 8.1 48 � 4

98 �
6

32.2 � 4.1 35.97� 2.95 42.6 ± 2.84 36.45 �
7.82

26.5 � 2.16

97� 5.9 45.44 �
2.46

50.2 � 8.07 54.4 � 2.2 48.75 �
2.95

64.37 ± 4.4

� 2.06 19.3 � 5.04 22.3 � 2.78 24 ± 13.3 17.2 � 1.23 15.8 � 1.6

� 1.75 10.4 � 1.85 13.45 ± 2.3 11.6 � 1.9 12.4 � 2.97 13.36 �
1.75

8� 1.19 7.06 � 1.5 9.5 � 1.2 8.7 � 2.4 10.1 ± 2.4 6.7 � 1.06

� 0.69 3.71 � 0.9 3.4 � 0.7 3.8 � 0.24 6.07 ± 0.6 3.7 � 0.99

4 � 6.3 29.7 � 8.8 25.7 � 7.8 35.1 ± 18.7 26.8 � 9.6 18.4 � 5.03

� 0.46 9.62 � 0.23 3.64 � 0.32 7.5 � 0.24 10.2 ±
0.69

3.53 � 1.9

3� 3.05 39.3 � 2.3 58.67 �
11.54

53.3 � 10.06 62.7 ± 8.3 48 � 16

7 � 6.1 11.3 � 3.05 17.3 � 3 12 � 2 26.7 ± 8.1 9.3 � 2.3

� 0.36 2.5 � 0.5 3.4 � 0.32 4.2 ± 0.6 2.7 � 0.2 1.76 � 0.47

3� 0.06 1.76 � 0.2 2 � 0.3 2.8 ± 0.9 2.2 � 0.5 1.4 � 0.35

� 1.8 10.9 � 1.9 13.2 � 2.2 10.8 � 1.66 14.5 � 2.2 8.5 � 1.2

7� 4.04 18.7 � 6.8 21.3 � 4.5 15.7 � 1.52 24.8 � 3 19.7 � 1.15

08 �
4*

0.012 �
0.08*

0.010 �
0.03*

0.032 ±
0.09*

0.018 �
0.04*

0.012 �
0.03*

06 �
4*

0.007 þ
0.04*

0.0045 �
0.03*

0.0084 �
0.04*

0.01 ±
0.04*

0.006 �
0.04*

9� 0.04 0.32 �
0.054

0.45 � 0.06 0.6 ± 0.06 0.52 � 0.12 0.43 � 0.05

32 �
3

0.224 �
0.03

0.27 � 0.07 0.3 � 0.06 0.32 ±
0.03

0.19 � 0.04

15 �
5

0.171 �
0.01

0.108� 0.04 0.207� 0.04 0.271 ±
0.02

0.13 � 0.04

89 �
3

0.131 �
0.03

0.067� 0.02 0.182� 0.02 0.214 ±
0.03

0.08 � 0.04
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average values of 6.63 and 7.42 throughout the rainy and dry seasons,
respectively. The lowest results were most likely attributable to the entry
of commercial garbage from the town (Angello et al., 2021) as well as the
inflow of leachate from the disposal site during the rainy season. The
lowest value of W4 during the rainy season was caused by the decom-
position of organic materials in the town's wastewater. It's possible that
local car garages and car wash facilities will also contribute waste. The
highest values were seen during the dry season, possibly due to aerobic
respiration of aquatic organisms (Hamid et al., 2020). Acidic pH depletes
calcium, magnesium and potassium, all of which are necessary for plant
growth (Egbueri et al., 2021; Neina, 2019). The current readings, in
contrast to irrigation water quality specifications, were within the
acceptable range (6.5–9) (Goher et al., 2014).

3.1.2. Electrical conductivity (EC) and total dissolved solids (TDS)
Two important markers for determining the degree of deterioration in

water quality are the TDS and EC of the water (Egbueri et al., 2022).
During the wet and dry seasons, electrical conductivity values ranged
from 101.3 μs/cm to 151 μs/cm and 190.3 μs/cm to 325 μs/cm,
respectively. During the wet and dry seasons, TDS levels were 55 mg/L
(T2) to 85.3 mg/L (W4) and 115 mg/L (T2) 204.7 mg/L (W5), respec-
tively (Table 4). During the wet season, W4 had the highest average TDS
and EC due to runoff inflow from both urban and rural regions (Angello
et al., 2021; Bouslah et al., 2017); as well as leachate from a nearby
landfill site (Angello et al., 2021; Bouslah et al., 2017; Mekonnen et al.,
2020). High temperatures accelerated evaporation and increased ionic
content in river water throughout the dry period, resulting in the highest
mean value (Ngabirano et al., 2016). Both EC and TDS were within the
FAO guidance line (3000 μs/cm and 2000 mg/L) for irrigation purposes
during both research periods (Goher et al., 2014). There is an increased
tendency for home appliances such as heaters, boilers, and water distri-
bution systems to scale, with TDS >1000 mg/L (Egbueri et al., 2019).

3.1.3. Calcium and magnesium
During the wet and dry seasons, calcium concentrations ranged from

10.7 mg/L (T1) to 24 mg/L (W4) and 5.2 mg/L (T1) to 13.45 mg/L (W4),
respectively. During the wet and dry seasons, magnesium levels were
4.42 mg/L (T4) to 10.1 mg/L (W5) and 1.52mg/L (T4) to 6.7 mg/L (W5),
respectively (Table 4). Increased values were most likely related to the
inflow of household waste and the weathering of rock during the rainy
season (Aliyu et al., 2020). The highest average value was presumably
connected to the ion exchange process during the dry season (Rawat
Table 5. Variable loadings on varimax rotated factors in both wet and dry
seasons.

Parameters Rainy season Dry season

PC1 PC2 PC1 PC2 PC3 PC4

Temperature .362 .743 .897

pH �.935 .968

EC .584 .707 .798 .415 .325

TDS .605 .675 .802 .429

TH .608 .681 .686 .451 .425

Ca .567 .700 .821 .436

Mg .913 .873

Na .984 .724 .593

K .496 .776 .444 .547

SO4 .662 .628 .872

HCO3 .827 .303 .541 �.481 .537

Cl .749 .629 .964

Eigen Value 10 1.5 7 2 1.7 1.5

% Variance 71.866 12.988 51.31 16.044 11.799 9.04

Cumulative Variance 71.866 84.85 51.31 67.354 79.153 88.192

Note: PC ¼ Principal component.
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et al., 2018). However, both calcium and magnesium (400 and 60 mg/L,
respectively) were within the irrigation guidelines (Goher et al., 2014).

3.1.4. Sodium and potassium
Sodium concentrations in the wet and dry seasons varied from 7.2

(T2) to 14.5 (W5) mg/L and 11.5 (T1) to 24.8 (W5) mg/L, respectively.
Potassium values in the rainy and dry seasons ranged from 1.8 mg/L (T4)
to 4.2 mg/L (W4) and from 0.9 mg/l (T4) to 2.8 mg/L (W4), respectively
(Table 4). Weathering of rock, soil erosion, and runoff from agricultural
land may all contribute to the maximum value during the rainy season
(Saha et al., 2019). The greatest value observed during the dry sample
event could be due to reduced river water flow and the ion exchange
mechanism (Hamid et al., 2020). Sodium levels were within the range for
both seasons when compared to irrigation water quality guidelines.
During the wet season, however, potassiumwas only safe for irrigation at
T4 and W6. Except for study sites W4 and W5, all sample sites were safe
for irrigation during the dry season. The low EC values are consistent
with the low Cl� and Naþ ion concentrations found in all of the water
samples. When SO4

�2 is present in water in excess levels, it can clog pipes
and cause health problems including diarrhea (Sylus and Ramesh, 2018).

3.1.5. Chloride and sulfate
Chloride concentrations ranged from 17.5 (T4) to 42.6 (W4) mg/L

and 27 (T1) to 64.37 (W6) mg/L during the wet and dry seasons,
respectively. Sulfate concentrations ranged from 11.7 (T1) to 35.1 (W4)
and 3.4 (T2) to 10.2 (W5) mg/L during the wet and dry seasons,
respectively (Table 4). Runoff from nearby agricultural land and do-
mestic trash from the town might be the reason for the higher values
during the wet season (Şener et al., 2017). The greatest readings in the
dry season sampling points could be due to excessive evaporation, a drop
in river water volume, or the discharge of ions from the bottom deposits
(Aliyu et al., 2020). However, anthropogenic activities such improper
waste disposal in dumpsites, sewage, and agriculture flows could have an
impact on the amount of chloride in water (Egbueri, 2018; Mukate et al.,
2017). The quantities of SO4

�2 in water may be affected by
human-induced activities such as the application of fertilizer to crops and
the use of detergent in homes (Kadam et al., 2021). According to the FAO,
the maximum allowable limit of chloride and sulfate for irrigation usage
is 1063 and 960 mg/L, respectively (Goher et al., 2014). Both chloride
and sulfate were found to be safe during both sample periods when
compared to the irrigation recommendation. Geogenic processes include
rock weathering, mineral dissolution, and the breakdown of sulfide and
carbon-based materials can also have an impact on SO4

�2 and Cl�

(Egbueri et al., 2019; Kadam et al., 2021).

3.1.6. Bicarbonates
HCO3

�, CO3
2�, and OH� ions, which can neutralize water, are the main

sources of Total Alkalinity innaturalwater (Aydin et al., 2020).Bicarbonate
concentrations inWabe river water samples ranged from 32.7mg/L (T1) to
62.7 mg/L (W5) and 9.3 mg/L (W6) to 26.7 mg/L (W5) during the wet and
dry seasons, respectively (Table 4). Carbonates were not present in all
sampling points. Carbonate and bicarbonate ions are in a dynamic equi-
libriumwith carbonic acid in a certain quantitative proportion, establishing
a chemical equilibrium in the carbonate system that is linked to water pH.
Carbondioxide fromtheenvironment and silicatemineralweatheringcould
both contribute to the increased bicarbonate ion (Egbueri, 2022; Saha et al.,
2019). Increased bicarbonate ion levels were likely due to the process of
respiration and decomposition of dead plant bodies during the dry season
(Manea et al., 2019). All sample stations, bicarbonates (610 mg/L) were
within the FAO irrigation threshold during both seasons.

3.1.7. Total hardness (TH)
Total hardness readings ranged from 58 (T1) to 106.7(W4) mg/L and

26.7 (T1) to 55.3(W5) mg/L during the wet and dry seasons, respectively
(Table 4). During the wet season, stream flow rates increased, resulting in
the lowest mean. The lowest TH value during the dry season could be due



Figure 2a. Gibbs diagram for the wet season.

Figure 2b. Gibbs diagram for the dry season.
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to low calcium andmagnesium ions in the river water (Qureshimatva and
Maurya, 2015). Rock weathering, waste from construction sites, vehicle
wash facilities, and leachate could all have contributed to the highest
levels found at sampling point W4 (Ameen, 2019).

3.1.8. Heavy metals
The cadmium, copper, and zinc concentrations ranging from 0.005

(T2) to 0.032 (W4) and 0.003 (T2 and T4) to 0.01 (W5) mg/L, 0.18 (T1)
to 0.6(W4) and 0.11 (T1) to 0.32 (W5)mg/L, and 0.08 (T4) to 0.271(W5)
7

and 0.048 (T1) to 0.214(W5) mg/L during wet and dry seasons,
respectively (Table 4). In addition to these pollution parameters, the
values of the other parameters have grown in the downstream zone
(Ustao�glu et al., 2021). The highest value seen during the rainy season
could be due to runoff from urban areas, agricultural areas, and land fill
sites mixing with river water (Eliku and Leta, 2018; Tadesse et al., 2018).
The dry season, on the other hand, was caused by low river water volume
and flow (Edokpayi et al., 2017). Additionally, the subsequent release of
metal ions could account for the highest value in the dry sampling event



Figure 3a. Piper Diagram for wet seasons.

Figure 3b. Piper diagram for dry seasons.
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(Manea et al., 2019). There is a rising amount of pollution in the
downstream zone as a result of municipal, agricultural, and leachate
drainage systems emptying into the Wabe River (Ustao�glu et al., 2021).
However, all heavy metal concentration levels were safe during both
seasons, with the exception of cadmium at W2, W4, W5, and W6 in wet
seasons, according to FAO irrigation guidelines. Once heavy metal con-
centrations in urban rivers reach unsafe levels, both river creatures and
people may experience long-term health risks (T€ore et al., 2021).
8

3.2. Source of water pollution

The KMO test result was 0.8, and the Bartlett's sphericity test was
done at 0.001 and 0.05 significance levels, indicating that the data is
sufficient for PCA. Based on loading variables, water quality data was
used in a main component analysis with an Eigen value of >1 to identify
pollution sources in the Wabe River (Mustapha et al., 2011). There are
factor loadings that are strong (>0.75), medium (0.5–0.75), and



Figure 4a. Irrigation water quality indices.
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moderate (0.3–0.5) (Egbueri et al., 2022). Two and four components of
datasets are generated during the wet and dry seasons, respectively
(Table 5).

3.2.1. Pollution source identification during the wet season
PC1's overall variance was 71.866 percent during the rainy season.

This indicates that the magnesium, sodium, and bicarbonate ions are
positively charged. Weathering of silicate and carbonate minerals, dis-
solved minerals in sedimentary rocks, and leaching from the soil surface
Figure 4b. Wilcox

9

during rainstorms were all possible sources of ionic concentrations for
the first component (PC1) (Egbueri et al., 2022; Nguyen et al., 2020). PC1
also has medium loading scores for EC, TH, TDS, Ca2þ, SO4

2�, and Cl�.
Sulphates, chlorides, bicarbonates of calcium and magnesium are com-
mon salts found in subsurface drainage water. These salts may found in
tail water, though in considerably lower amounts than in drainage water.
Based on the results of the factor analysis and common sources of water
pollution, PC1 can be characterized as the 'agricultural use' factor with
the presence of Ca2þ and Mg2þ (Boyacioglu, 2006). Temperature and
USSL diagram.
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potassium both have modest loading values in PC1. PC2 has the highest
potassium loading value (0.776) as well as high EC (0.707), TDS (0.675),
total hardness (0.68), calcium (0.7), sulfate (0.628), and chloride (0.628)
loading values plus a moderate loading value of temperature (0.743). The
PC2 has a low bicarbonate loading value (0.303) (Table 5). Contributions
from soil mineral dissolution in surface runoff and diluted wastewater
inputs from residential areas could be indicated by this component (Matli
and Nivedita, 2021). All of the aforementioned metrics may have
increased due the sediment influx in the downstream zone (Ustao�glu
et al., 2021).

3.2.2. Pollution source identification during the dry season
Statistical study based on factor analysis discovered four components

for the dry season water quality dataset. The first component (PC1) has a
strong positive loading score on EC (0.798), TDS (0.802), magnesium
(0.873), and sulfate (0.872). PC1 has a moderate loading score of TH
(0.686), sodium (0.724), and bicarbonate (0.541). Furthermore, potas-
sium has a loading value of 0.444, which is low (Table 5). The reduction
in river water volume and the release of ions from bottom deposits have
had a significant impact on the ionic content in the research region
during the dry season. As a result, these parameters highlight the impact
of desorption on the ionic composition of river water (Egbueri et al.,
2021; Aydin et al., 2020).

The calcium (0.821) and chloride (0.964) loading values of the sec-
ond component (PC2) are both significantly positive. The ionic exchange
process happens within river water during the dry season, resulting in a
rise in calcium and chloride concentrations (Aliyu et al., 2020). As a
result, this component reveals the repercussions of the natural process
Figure 5. Wilcox diagram du
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occurring inside the river water. The third (PC3) and fourth (PC4)
components have significant positive loading values for temperature
(0.897) and pH (0.968). The suspended particulates in river water may
absorb sunlight during the dry season, elevating the temperature of the
water (Ustao�glu and Tepe, 2019; Mustapha et al., 2013). pH fluctuations
will be influenced by CO2 removal from photosynthesis via bicarbonate
degradation, salinity decrease from freshwater input, and organic matter
degradation (Hamid et al., 2020).

3.3. Hydrochemical characteristics of the river water

3.3.1. Sources and Influencing factors for major ions
All samples from the Wabe River were concentrated in the dominant

area of rock weathering during the wet season samples in the Gibbs dia-
gram, which might be attributed to ionic composition in river water
(Figure 2a). The dry season, the Gibbs diagram revealed two patterns. The
remaining samples were concentrated in the first pattern, between rock
dominance and the evaporation zone, with T2, W1, and T1 outside of the
broken line. When sample locations occur between the rock dominance
and evaporation zones, a mixed regulating mechanism (rock weathering
and evaporation both played a role) is revealed (Wu et al., 2015). Cation
exchange, evaporation, and human factors were all aspects that contrib-
uted to this pattern. Because of the general ionic content of river water, all
samples were concentrated outside of the broken line (Figure 2b) (Jiang
et al., 2020). The atmospheric precipitation zone is located in the lower
right corner of the Gibbs diagram, when the water sample point's TDS
values are low and Naþ/(Naþ þ Ca2þ) or Cl�/(Cl� þ HCO3

�) is high. The
rock weathering zone lies to the left of the centre on the Gibbs diagram,
ring wet and dry seasons.



Figure 6. IDW map of irrigation water quality indices for wet season.
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with a water sample with a medium TDS value and a Naþ/(Naþ þ Ca2þ) or
Cl�/(Cl� þ HCO3

�) ratio of roughly 0.5. The water sample point in the
upper right, on the other hand, is part of the evaporation concentration
zone, which has high TDS and high Naþ/(Naþ þ Ca2þ) or Cl�/(Cl� þ
HCO3

�) values (Omeka et al., 2022; Jiang et al., 2020).
11
3.3.2. Hydrochemical compositions and water type
All sample site data was grouped in Zone II of Piper diagrams over

both seasons (Figure 3a and 3b). This indicates a higher concentration of
alkali earth elements. The left and right side triangles revealed that all of
the samples fell within the no dominant type zone during the rainy



Figure 7. IDW map of irrigation water quality indices for dry season.
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season, indicating that neither cations nor anions were dominant. All
sample sites in the left side triangle fell into the no dominant type zone
during the dry season, whereas all sample points in the right-side triangle
fell into the Chloride type zone (Egbueri et al., 2021). This could be
attributed to increased dissolved salts content and reduced water volume
due to evaporation during the dry season (Aliyu et al., 2020). The piper
diagrams demonstrated that the Wabe river water had a
12
calcium-magnesium-chloride hydro-chemical composition during both
seasons. It's probable that the ion exchange mechanism in river water is
to blame (Ouarani et al., 2020). Zones I, II, and IV are formed when
strong acid concentrations outnumber weak acid concentrations (Egbueri
et al., 2021).

During the rainy season, the left and right-side triangles revealed that
every sample point was in the no dominant type zone, indicating that
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neither cations nor anions were dominant. On the piper diagram for the
dry sampling event, the left side triangle indicated that all sample points
were in the no dominant type zone, whereas the right-side triangle
indicated that all sample points were in the chloride type zone, indicating
that chloride was the dominant ion from those anions during the dry
season (Egbueri et al., 2021). A fast rate of evaporation leads dissolved
salts in river water to concentrate during the dry season, resulting in
chloride ions dominating anions (Aliyu et al., 2020).

3.4. River water evaluation for irrigation purposes

3.4.1. Sodium adsorption ratio (SAR)
The current study obtained SAR values in the range of 0.49–1.23meq/L

and 0.99–1.45 meq/L during the wet and dry seasons, respectively, which
are less than 20 meq/L, indicating that river water is suitable for irrigation
(Figure 4a) (Ezugwu et al., 2019).Water samples T3,W2,W3,W4,W5, and
W6 fell into the C2 S1 class during the dry season, indicating intermediate
salinity and low sodium hazard water type, whereas the others fell into the
C1 S1 class, indicating low salinity and low sodium hazard water type
(Figure 4b). TheWilcoxSalinity vs SodiumHazardgraphdemonstrated that
the measured Wabe River water at each station fell into the C1 S1 class
during the rainy seasons, suggesting low salinity and sodium hazard water.
TheWilcox diagram and the calculated SAR values confirmed that the river
water is suitable for agriculture. Forboth seasons, an IDWinterpolationmap
revealed the spatial variance of SAR values (Figures 6 and 7).

3.4.2. Potential salinity (PS)
The potential salinity levels of Wabe river water samples ranged from

0.65 to 1.57 meq/L and 0.8–1.62 meq/L throughout the rainy and dry
seasons, respectively (Figure 4a). The potential salinity values were
below 3 meq/L at all test sites, indicating that the Wabe river water is
appropriate for irrigation during both seasons (Berhe, 2020; Egbueri
et al., 2021). All of the water sources investigated would present a low
salinity threat when used for irrigation. The salinity hazard estimations
also suggest that crops that are very sensitive to high salinity levels can be
successfully grown in the research region (Figure 4b) (Egbueri et al.,
2021). An IDW interpolation map was used to show the variability of PS
values at all sampling points in both seasons (Figures 6 and 7).

3.4.3. Magnesium ratio (MR)
One of the indications used to determine if water is suitable for irri-

gation is the magnesium ratio. With a higher magnesium ratio, the
appropriateness will be diminished. During the rainy and dry seasons, the
magnesium ratios were 32.41–52.6 and 18.77 to 48.76, respectively
Figure 8a. Irrigation wa
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(Figure 4a). A magnesium ratio of more than 50% is unacceptably high
for irrigation (Egbueri et al., 2021; Berhe, 2020). During the wet season,
all sample sites except T1 were below 50%, and during both seasons, all
sample sites were below 50%. According to MR findings, Wabe water is
appropriate for irrigation purposes.

3.4.4. Kelly Index (KI)
During the wet and dry seasons, the Kelly Index values ranged from

0.25 to 0.37 and 0.77 to 0.99, respectively (Figure 4a). If one of Kelly's
indices is more than one, the water contains too much sodium and is unfit
for irrigation (Berhe, 2020). The Kelly index readings were less than one
(KI1), indicating that the water from the Wabe River is acceptable for
irrigation. The IDWmaps showed how the KI value changed over time in
both seasons (Figures 6 and 7). During both seasons, all GIS calculated
and interpolated values were less than one at all sampling sites, indi-
cating that river water quality was satisfactory.

3.4.5. Residual sodium carbonate (RSC)
The concentration of bicarbonate and carbonate ions in water affects its

suitability for irrigation. During the wet and dry seasons, RSC values in the
Waberiver samples ranged from�1.04 to�0.46meq/Land�0.83 to�0.27
meq/L, respectively (Figure4a).Due tosodiumcarbonate,waterwithahigh
RSChas ahighpH, and land irrigatedwith it becomesunproductive (Omeka
et al., 2022; Joshi et al., 2009). Irrigation is appropriatewhen the RSCvalue
is less than 1.25 meq/L. RSC values between 1.25 and 2.5 meq/L are
considered marginal quality, whereas RSC values above 2.5 meq/L are not
appropriate for irrigation (Berhe, 2020). During both seasons, IDW maps
depicted the spatialfluctuationofRSCvalues (Figures6and7).Bothseasons
had been calculated and interpolated in all of the samples, and RSC values
were less than 1.25 meq/L, suggesting that the water quality was ‘safe’ for
irrigation at all sampling locations. In water samples, RSC measurements
were negative, indicating that calcium and magnesium ions had not
precipitated out (Egbueri et al., 2021; Kumarasamy et al., 2014).

3.4.6. Permeability Index (PI)
The Permeability Index readings for the wet and dry seasons,

respectively, varied from 55.43 to 71.5 percent and 54.89 to 73.64
percent (Figure 4a). If the permeability index is less than 25, irrigation is
not recommended. With permeability index values between 25 and 75,
irrigation will be practicable. It is considered safe if the permeability
index surpasses 75 (Berhe, 2020) proposing that all of the water sources
sampled are appropriate for irrigation needs and won't negatively impact
the soil permeability (Egbueri et al., 2021). All computed and interpo-
lated permeability index values in both seasons and at each sample site
ter quality indices.



Figure 8b. Industrial water quality indices.
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are classified as excellent in the permeability index classification. The
IDW map illustrated the geographic changes in PI values during both
seasons (Figures 6 and 7).

3.4.7. Sodium percentage (% Na)
Sodium percentage (%Na) readings in the Wabe river water ranged

from 23.18 to 29.29 during the wet season and 45.84 to 51.42 during the
dry season, respectively (Figure 4a). In comparison to the dry season, the
rainy season had the lowest sodium proportion. A sodium concentration
of more exceeding 60% is not appropriate for irrigation, but less than
60% is acceptable for agricultural usage (Egbueri et al., 2021; Shil et al.,
2019). Sodium percentages were less than 60% at all sampling sites
during both seasons, indicating that river water could be used for agri-
culture. Irrigation water with increased sodium content has lower
permeability. Similarly, the Wilcox diagram of electrical conductivity
versus salt percent revealed that the river water was in excellent to good
condition at all sample sites for both seasons (Figure 5).

3.4.8. Heavy metal pollution index (HPI)
Three heavy metals (Copper, Cadmium and Zinc) were used to

compute the HPI for irrigation utilizations. During the wet season, the
computed heavy metal pollution index ranged from 53.34 (T2) to 317.58
(T3) (W4). HPI ranged from 32.24 (T2) to 102.42 (W5) during the dry
season (Figure 8a). The wet season had the greatest HPI values, while the
dry season had the lowest. Low concentrations of heavy metals caused
the lowest HPI value in the upper stream of the river during both seasons.
Whereas the highest value in the rainy season at W4 was due to leachate
entry from nearby land fill site that contains heavy metals and that of the
dry period at W5 was due to the retention of heavy metals in bottom
sediments (Hamid et al., 2020). As per Biswas et al. (2017), the degree of
pollution is said to be low if, HPI < 300, medium if 300 < HPI<600, and
high if HPI > 600. Accordingly based on HPI, the degree of pollution of
heavy metals was low in all sampling points except W4 (medium pollu-
tion) in the rainy season this might be due to absence of industries
(Ustao�glu et al., 2021). In general, river water was suitable for irrigation.
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3.5. River water quality evaluation for industrial purposes

To assess the suitability of the Wabe river water for industrial pur-
poses can be utilized indices such as the Langelier Saturation Index (LSI),
aggressive index (AI), and Ryznar Stability Index (RSI). The LSI values
were in the range of �1.66 to �0.9 and �1.98 to �0.76 during the wet
and dry seasons, respectively (Figure 8b). As a result, all computed values
are in the range of -2 to 0, suggesting moderately aggressive water for
industrial usage. The AI values were in the range of 10.14–10.93 and
9.87 to 11.02 during the wet and dry seasons, respectively (Figure 8b).
All river water samples were moderately aggressive for industrial use,
except W2 in the dry season, which was highly aggressive. The Ryznar
Stability Index (RSI) values at all sampling sites during both seasons were
less than 9 (Figure 8b), indicating the river water was highly aggressive
and corrosion is intolerable. However, the three indices' findings are
crucially indicating that natural water resources are more corrosive than
they are encrustation-prone. Several studies have reported similar find-
ings in the literature (Abbasnia et al., 2018; Aghazadeh et al., 2017;
Mankikar, 2021, Sajil Kumar, 2019; Egbueri, 2022) that water resources
predict greater corrosion risks than scaling risks. This indicates the Wabe
river water is not suitable for industrial process without treatment (Zhou
et al., 2020).

4. Conclusion

The properties of the Wabe River water contamination and its suit-
ability for agricultural and industrial applications have been satisfacto-
rily analyzed in-depth by the current investigation. According to the SAR,
MP, PI, KI, PS, RSC, %Na, and HPI values, the Wabe river water is
appropriate for agricultural use, with the exception of sampling point W4
during the rainy season due to a large input of residential wastewater
from urban areas and leachate from a neighboring solid waste dumping
site. According to the study's findings, farmers can use Wabe river water
for their agricultural endeavors rather than solely relying on rainfall.
According to the three indices, including the Langelier Saturation Index
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(LSI), Aggressive Index (AI), and Ryznar Stability Index (RSI), Wabe
River water was fairly aggressive for industrial use, with the exception of
W2 (extremely aggressive) as per RSI. Since the water is corrosive, it must
be purified before being used for industrial purposes. Additionally, to
determine the hydrochemical composition of Wabe water, plot the piper
diagrams; it is of the calcium-magnesium-chloride type. The Wabe River
water contamination sources were located using Gibb's diagrams. All
samples land in the rock weathering zone during the rainy season,
indicating that geological structures and sediment influx are the sources
of contamination. Gibb's diagrams during the dry season revealed that
evaporation, cation exchange, anthropogenic activities, and bed rock
degradation were the main sources of pollution. This study discovered
that, in order to avoid contaminating the water in the Wabe River, the
dumping site that is close to sample points W4 andW2must be relocated.
The river needs to be preserved and protected as a necessity.
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