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Abstract: The chemical composition of groundwater, which reflects its quality, is a product
of natural and anthropogenic factors that affect its use for different purposes. This study
characterizes the groundwater chemistry of the Mariri aquifer using the Piper Diagram,
Chadha Diagram, and Gibbs Plot. The suitability of the groundwater for irrigation was
assessed using some irrigation quality parameters such as Electrical Conductivity (EC),
Sodium Adsorption Ratio (SAR), Soluble Sodium Percentage (SSP or %Na), Permeability
Index (PI), Residual Sodium Bicarbonate (RSBC), Magnesium Adsorption Ratio (MAR),
Wilcox Diagram, and Irrigation Water Quality Index (IWQI). In contrast, a weighted
arithmetic water quality index was used to evaluate its suitability for drinking. The results
show that the groundwater is hard freshwater of Ca-Mg-HCOs. The major process governing
groundwater chemistry is the dissolution of carbonate rock. The Irrigation water quality
parameters also indicate that the groundwater has excellent permeability with low to medium
salinity, which, as shown by the IWQI, can be used for irrigation with moderate restrictions.
The drinking water quality index also indicated “good” to “poor” water quality. The
composition of the groundwater shows that it can be used for irrigation and drinking, but
with some measure of restraint. The results of the study will benefit water resource managers
and policymakers.
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Introduction

Water quality is related to life quality, as its use for various purposes depends on its quality.
Worldwide, groundwater accounts for 98% of domestic water usage and 43% of irrigation water,
with over 20% of the global population relying on it for drinking water (Kim and Park, 2016).
According to reports by Eyinla and Oladunjoye (2014), 35 — 45% of the global food supply
comes from irrigated agriculture, with groundwater accounting for over 80% (Diouf et al.,
2022). This is more in arid and semiarid regions, owing partly to its availability and less
contamination than surface water (Al-Shaibani, 2008; Hossain ef al., 2024). In Nigeria, about 6
x 10" m® of groundwater is abstracted daily for various uses (Adewumi et al., 2018).
Groundwater is contained in geologic formations known as aquifers.

Although the aquifer is less prone to anthropogenic pollution than surface water,
groundwater quality is significantly affected by anthropogenic activities such as industrial
activities, agricultural activities, domestic effluents, etc. (Venugopal ef al., 2009; Ravikumar et
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al., 2015; Onoyima and Onoyima, 2023). In addition, dissolved substances acquired from the
geological environment of the aquifer significantly influence groundwater quality (Gusikit et
al., 2020; Mokoena et al., 2020; Hossain et al., 2024). Geochemical processes influencing
groundwater quality include rock weathering, dissolution, precipitation, and ion exchange
reactions (Todd, 1980; Sanchez-Martos et al., 1999). These processes are influenced by bedrock
type, topography, soil, climate, aquifer recharge, residence time, etc. (Andre et al., 2005;
Ravikumar et al., 2015). As a vital tool for understanding these processes, geochemical
characterization of groundwater has been widely used to provide critical insight into the
chemical composition of groundwater and its suitability for various uses (Xu et al., 2016; Zhou
et al., 2020; Araga and Gnanachandrasamy, 2021; Diouf et al., 2022; Ghimire et al., 2025).
Each groundwater system has a unique chemical composition due to the differing geologic
conditions and geochemical processes.

Mariri is located in the semi-arid region of Kano, Nigeria. Agriculture is the major economic
activity in the area. The relatively flat land favours mechanized farming, and the area is an
important food source for the country. Because of the scarcity of surface water and the short
period of rainfall, groundwater abstracted from wells is a critical resource for agriculture through
irrigation in the area (Eduvie and Musilim, 2024). Many of the population also depend on
groundwater for drinking and other domestic uses. However, there is limited research on the
groundwater quality, specifically for irrigation, leaving a gap in understanding the potential risks
and implications for agricultural practices in the region.

The quality of the irrigation water is a function of the quantity and nature of the dissolved
substances it contains, which has a direct effect on soil properties and crop yield (Zaman et al.,
2018; Adegbola et al., 2019; Al Yousif, and Chabuk, 2023; Dey et al., 2024). Poor irrigation
water can destroy soil structure, affect permeability, and negatively impact plant growth and
crop yield (Bashir et al., 2013). The problems associated with irrigation water can be
categorized as salinity hazards, alkalinity hazards, permeability or infiltration hazards, or
specific ion toxicity (toxicity hazards) (Simsek and Gunduz, 2007; Dey et al., 2024). Water
quality for irrigation depends on the relative concentration of one ion over the other (Gautam
and Rai, 2023). Hence, different indices have been widely used to evaluate the suitability of
water for irrigation, including Electrical conductivity (EC), Sodium Adsorption Ratio (SAR),
Soluble Sodium Percentage (SSP or %Na), Permeability Index (PI), Residual Sodium
Bicarbonate (RSBC), Magnesium Adsorption Ratio (MAR), Wilcox Diagram, etc. (Chaudhar
and Satheeshkumar, 2018; Mokoena et al., 2020; Xia et al., 2021; Sharma et al., 2021; Nawrin
et al., 2022). Irrigation water quality index (IWQI) has also been used to reflect the composite
influence of numerous water quality parameters on the overall water quality (Abbasnia et al.,
2018; Al-Hadithi ef al., 2018; M nassri et al., 2022; Hussein et al., 2024).

Because groundwater is abundantly available and relatively free from contamination
(compared to surface water), it is a source of drinking water for an estimated one-third of the
global population (UNEP, 2005; Hossain et al., 2024). This is even more so in developing
countries such as Nigeria, where about 59% of the population depends on groundwater for
domestic purposes (FGN, 2007). Groundwater quality affects the management of water
resources and their suitability for different uses (Paternoster et al., 2021). Hence, there is a need
for regional groundwater quality assessment and monitoring to ensure its suitability for various
purposes. This study aims to characterize the groundwater hydrochemistry of Mariri in Kano
State, Nigeria, and to evaluate its suitability for drinking and irrigation. Regional groundwater
assessment and hydrochemical characterization provide useful information for water resource
managers and policymakers. This research will play a key role in protecting public health,
enhancing agricultural practices, and ensuring the sustainable use of this essential resource.
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Materials and Methods

Study area

The study area (Figure 1) was Mariri, Kano State, Northwestern Nigeria, located
approximately at Latitude 11° 56’N to 11° 57°N and longitude 08° 36’E to 08° 34’E. The area’s
climate is semi-arid with two distinct seasons: the rainy and dry seasons. The annual rainfall
ranges from 800 mm to 1000 mm, while the temperature is between 26 °C to 33°C. The area
falls within the Sudan savannah vegetation belt, characterized by flat-topped hills, granite
inselbergs, and low regions with alluvial deposits. The region’s geology is mainly of the
weathered and fractured basement of complex rocks made up of granite, gneiss, schist, and
quartzite. Groundwater in the study area occurs in the aquifer of fractured basement rocks and
sandy alluvial deposits along river courses, with water tables generally less than 20 m (Ismail
and Yola, 2012). The area is about 20 km? with a population of approximately 39837. It is mainly
a residential area with an adjoining vast agricultural land, with residents primarily engaged in
the cultivation of staple crops such as millet, sorghum, maize, and rice. Groundwater is the main
water source for domestic and agricultural use for the people in the area.
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Figure 1: Map of the study area showing the sampling points
Sampling and Analysis

Samples were collected in February, corresponding to the peak of the dry season, when the
dependence on groundwater for irrigation and domestic use was also at its peak. Ten
groundwater samples were collected from hand-dug wells using a clean, non-reactive bailer and
were put into polyethylene bottles (previously washed with 10% nitric acid and rinsed with
distilled water). The samples were labeled, air-tight, and immediately transported to the
laboratory in a cooler maintained at 4 °C. Some parameters, such as pH, EC, and TDS, were
measured on-site using a well-calibrated Hach HQ440d Benchtop Multi-Meter with appropriate
probes. Standard sampling procedures were strictly adhered to for accuracy and quality control.
The major ions, including Na™ K*, Ca**, Mg*, CI-, SO+, HCOs, and NO;s’, were analyzed
using standard methods (ALPHA, 1995).
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For accuracy of data, cation and anion charge balance (CB) was calculated according to the
formula:

_ ZMC_ZMG
CB = S st X 100 (1)

where M. and M, are the concentrations of the cations and anions, respectively, in meq/L.
The acceptable error range is within 5% (Ouarani et al., 2020).

Hydrochemical Evaluation

Piper diagram, first developed by Hill in 1940 and later modified by Piper (1944), was used
to understand the hydrochemical facies and classify the water type in the groundwater. A
Microsoft Excel template was used to construct the Piper diagram. All concentrations were in
meq/L. A Chadha diagram was used for a deeper insight into the hydrochemistry of the
groundwater (Chadha, 1999). This is a modified form of the Piper diagram constructed by
plotting the difference in weak acids (HCOs - (CI" + SO4*)) on the y-axis and the difference of
the major alkaline and alkali ions (Mg*" + Ca*") — (Na" + K")) on the x-axis, all in meq/L. This
was done using Microsoft Excel software. The Gibbs plot was employed as a tool to examine
the primary process that governs groundwater chemistry. The Gibbs plot (Gibbs, 1970) has been
a common tool used by various researchers to evaluate the relationship between the chemical
composition of water and the lithological characteristics of the aquifer. It is a plot of TDS vs the
ratio of the cations (Na'/(Na" + Ca?")) or anions (C1/(HCO; + CI)).

Irrigation Water Quality Parameters

The status of irrigation water, which depends on the dissolved ions in the water, can be
assessed using some established irrigation water quality parameters. In this study, parameters
used include Sodium Adsorption Ratio (SAR) (Richard, 1954), Soluble Sodium Percentage
(SSP or %Na) (Todd and May, 2005), Permeability Index (PI) (Doneen, 1964), Residual Sodium
Bicarbonate (RSBC) (Gupta and Gupta, 1987), Magnesium Adsorption Ratio (MAR),
(Raghunath, 1987) and Irrigation Water Quality Index (IWQI).

The parameters were calculated using the following formula:

Na

SAR = —2%__ )

Mg2++ Ca2t
2

Irrigation water is classified as excellent (SAR < 10), good (10 < SAR < 18), doubtful (19 <
SAR < 26), and unsuitable (SAR > 26).

+ +
%Na = Na” + K x 100 3)

ca?*t+ Mg2t+ Nat+ K+

Irrigation water can be excellent (< 20%), good (20 —40%), permissible (40 — 60%), doubtful
(60 — 80%), or unsuitable (> 60%)

+
Pl = —2VHCOs 1 ()

Ca?t+ Mg?*+ Nat
PI classifies irrigation water as good (> 73%), suitable (25 — 75%), or unsuitable ( < 25%)

RSBC = HCO3 — Ca?* (5)
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RSBC < 5 meq/L = suitable for irrigation; RSBC > 5 meq/l = unsuitable for irrigation

Mg® 100

MAR = W (6)

MAR < 50% is suitable while MAR > 50% is unsuitable for irrigation.
The concentrations of all the ions are in meq/L.

Irrigation Water Quality Index (IWQI)

IWQI reflects the composite influence of numerous water quality parameters on the overall
water quality. The parameters used for calculating IWQI include EC, Na', CI, SAR, and HCO5’
. The index was calculated using the formula proposed by Miereles ef al., (2010):

wQl = ¥, qw; (7)

Where w; is the relative weights of the parameters as computed by Miereles et al., (2010)
(EC=0.211,Na" = 0.204, HCO5 = 0.202, CI = 0.194, SAR = 0.189) and q; is the quality rating
for the ith parameter.

qi was calculated using the formula below:

qi = Qimax — ((xu x:;];)l: fhamp) )

The limiting values of the parameters are shown in Table 1, where gjmax = the maximum value
of q; for the class; x;; = the measured value of the parameter; Xi,s= the lower limit of the class of
the parameter; qiamp = the class amplitude; Xamp = the class amplitude of the parameter. The
highest value of the measured parameter was considered the upper limit of the last class of each
parameter.

The limiting values of q (Table 1) were obtained from the irrigation water quality data from
the University of California Committee of Consultants (UCCC) as reported by Ayers and
Westcot (1994).

Based on the index, irrigation waters are classified as follows: "no restriction" (85-100), "low
restriction" (70-85), "moderate restriction" (55-70), "high restriction" (40-55), and "severe
restriction" (40-55).

Table 1. The limiting values of the irrigation water quality parameters (Ayers & Westcot, 1994)

qi EC SAR Na* Cr HCOy'

85-100 200<EC<750 SAR<3 2<Na<3 Cl<4 1<HCO5<1.5

60-85  750<EC<1500 3<SAR<6 3<Na<6 4<CI<7  1.5<HCO:<4.5

35-60  1500<EC<3000 6<SAR<12 6<Na<9 7<CI<10  4.5<HCO:<8.5

0-35  EC<200 or EC>3000 SAR>12  Na<2 ORNa>9 CI>10  HCO:<I or HCO;>8.5

Drinking Water Quality Index

The suitability of the groundwater for drinking was evaluated using the weighted arithmetic
water quality index (WAWQI). The water quality parameters were first assigned weights,
reflecting the parameter’s significance for drinking purposes (Douglas et al., 2015; Onoyima et
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al., 2022). Nigeria’s reference standards for drinking water were adopted while assigning
weights to the water quality parameters. The formula for calculating the WAWQI is as follows:

_ IR Wi
WAWQI = SEw, )
K
W; = 5, (10)
1
k= (11)
l=15i
;=225 w100 12)
Si— Ci

Where: W; = assigned weight, Q; = the quality rating for the ith parameter, n = number of the
parameters, C, = the concentration of the ith parameter, S; = the reference value of the ith
parameter, K = a proportionality constant, C; = the ideal value of the ith water quality parameter
(C; for pH = 7, for other parameters, C; = 0).

The water quality ratings for the WAWQI are: Excellent (< 25), good (26 — 50), moderate
(51 =175), poor (76 — 100), and very poor (> 100).

Results and Discussion

Groundwater Quality Parameters

The level and nature of dissolved substances in groundwater determine its quality and
suitability for different purposes. The descriptive statistics of the water quality parameters of
the groundwater of the study area are summarized in Table 2. The pH ranged from 6.70 to 7.30
with a mean of 7.0. pH is a critical parameter in water quality assessment as it has control over
other water quality parameters and is often used to assess the overall health of the water (He et
al.,2017; Adesina et al., 2024). The near-neutral and narrow pH range observed in this study is
typical of carbonate rock aquifers. This is a result of the buffering effect of the dissolution of
calcite (siliciclastic rock aquifers have a wider pH range, while in addition to this, crystalline
rock aquifers have a median or mean pH near 6.0) (Lindsey et al., 2006).

EC ranged from 489 puS/cm to 511 puS/cm with a mean of 535 puS/cm. EC is an important
parameter for the evaluation of water for irrigation and drinking purposes. TDS measures the
levels of dissolved solids in the water and is directly related to EC because conductive ions are
part of dissolved solids and inorganic materials (Adesina et al., 2024). TDS in the study area
ranged from 308 to 337 mg/L. Water can be generally classified as soft (<60 mg/L), moderately
hard (60 — 120 mg/L), hard (120 — 180 mg/L), and very hard (> 180 mg/L) (McGowan, 2000).
Total hardness in the study area ranged from 150 to 172 mg/L. Groundwater can also fall into
any of the nine classes based on hardness and TDS as presented in Figure 2. The result shows
that the groundwater is hard-fresh water. Total hardness in groundwater is the combined effect
of Ca* and Mg2+ from the dissolution of dolomite and calcite in groundwater (Xu et al., 2023;
Dey et al., 2024).

The major cations are in the following range: Ca®* (38.00 — 45.00 mg/L), Mg** (14.00 —
17.00 mg/L), Na" (20.00 — 24.00 mg/L), and K" (3.70 — 4.20 mg/L). These cations are in low
abundance in the groundwater. Although the abundance of ions in groundwater is a function of
many factors, it was reported that the level of Na" in groundwater is mostly controlled by
lithogenic minerals (silicate minerals), saline water intrusion, and evaporation processes
(Kumar, 2013; Marghade, 2020). The relatively low abundance of this ion in the study area
indicates that these processes may not be prominent in the groundwater. Fresh water is also
characterized by a lower level of Na* than Ca** (Mokoena et al., 2020).

The anions of the groundwater are in the range Cl— (41.00 — 48.00 mg/L), SO4* (17.00 —
20.00 mg/L), HCO5™ (102.00 — 115.00 mg/L), and NO3™ (4.90 — 5.70 mg/L). CI” in groundwater
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may be derived from bedrock (through ion exchange), saltwater intrusion, or anthropogenic
activities (Bolt and Bruggenwert, 1978; Goswami et al., 2022). In addition to anthropogenic
activities (such as fertilizer applications), SO4* in groundwater originates from the dissolution
of gypsum and pyrite (Antibachi et al., 2012; Kumar, 2013). On the other hand, elevated nitrate
concentration in groundwater indicates anthropogenic influence (Lindsey et al., 2006; Mufur et
al., 2021; Dey et al., 2024). From the results of this study, there is no evidence of much
anthropogenic impact on the groundwater quality of the study area.

Table 2. The descriptive statistics of the water quality parameters

NIGERIAN STD.

PARAMETER MINIMUM MAXIMUM MEAN STD DEV. (DRINKING)
6.5-8.5
pH 6.70 7.30 7.00 0.17
1000
EC (uSem™) 489.00 535.00 511.00 12.98
500
TDS (mgL™1) 308.00 337.00 320.60 8.42
150
Hardness (mgL™!) 150.00 172.00 163.30 6.17
Ca?" (mgL™) 38.00 45.00 41.40 2.11 )
20
Mg?* (mgL) 14.00 17.00 15.60 0.92
200
Na*(mgL™) 20.00 24.00 22.00 1.26
K* (mgL!) 3.70 4.20 3.96 0.16 )
250
CI (mgL™) 41.00 48.00 44.50 2.01
100
SO+* (mgL™") 17.00 20.00 18.70 0.90
HCOs™ (mgL™") 102.00 115.00 109.40 3.61 )
50
NOs (mgL™h) 4.90 5.70 5.25 0.25
11000
G H 1
10000
9000 -
8000 -
| 2000
m {
m {
1000
0 100 200 300 400 500 600 700 800 900 1000 1100
Hardness (mg/L)

Figure 2: Groundwater classification based on hardness and TDS
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Hydrochemistry of the Groundwater

Piper diagram, proposed by Piper in 1940, is a commonly used tool to delineate the
hydrochemistry of groundwater. It comprises a triangle for the cations (left), another for the
anions (right), and a diamond above the triangles. Each apex of the triangles represents 100%
dominance of the cations and anions, while the diamond gives the overall water type. The Piper
diagram for the groundwater of the study area is shown in Figure 3. The result shows that all the
samples are in the no-dominant cation type, while the dominant anion is the bicarbonate type.
From the diamond, the overall water type is the magnesium bicarbonate type. It also shows that
alkaline earth metals exceed alkali metals for all the samples, and weak acids exceed strong
acids. The dominance of alkaline earth metals over alkali metals may have resulted from the
dissolution of alkaline earth minerals or ion-exchange reactions (Adewumi et al., 2018).

The Chadha diagram was employed to gain a deeper understanding of the hydrochemistry of
the groundwater and to classify the water type (Chadha, 1999). Similar to what was obtained
with the Piper diagram, all the groundwater samples are in the Ca-Mg-HCO; water type (Figure
4). Gibbs (1970) proposed that three major mechanisms that control the world’s water chemistry
are rock-water interaction (rock weathering), precipitation, and evaporation-crystallization
processes. Gibbs plot, for both cations and anions (Figure 5), shows that rock-water interaction
was the major natural process controlling the groundwater chemistry of the aquifer. The rock-
water interaction designates the interface between the rock chemistry and the chemistry of the
groundwater. Rock-water interaction dominates where there is sufficient time to interact with
the lithology and release different ions into the groundwater (Mokoena et al., 2020). The
dominance of Ca-Mg-HCO3 water type of the aquifer indicates the dissolution of carbonate
rocks as calcite and dolomite in groundwater react with CO; and release Ca*, Mg”, and HCOs5”
according to the reaction below:

CaMg(COs), + 2H,0 +2CO, ————> Ca’" + Mg*" + 4HCOy’

The above reaction is also largely responsible for the observed hardness of the groundwater.

Figure 3: Piper diagram for the groundwater of the area
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Figure 4: The Chadha diagram of the groundwater of the study area
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Figure 5: The Gibbs Plot for both cations and anions

Irrigation Water Quality

Irrigation water quality has a direct effect on soil properties and crop yield. The problems
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associated with irrigation water can be categorized as salinity, permeability, alkalinity, and
toxicity hazards (or specific ion toxicity) (Simsek and Gunduz, 2007; Dey et al., 2024). Some
of the irrigation water quality parameters of the study area are displayed in Table 3. Salinity
hazard is a measure of the reduction of the quantity of water and nutrients (Physiological
drought) available to plants due to the accumulation of dissolved salts and the consequent
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increase in osmotic pressure of the soil solution (Hossain ef al., 2018). The most satisfactory
measure of salinity hazard is electrical conductivity (EC), which can be classified into four
classes as low salinity (EC < 500 puS/cm), medium salinity (500 — 100 uS/cm), high salinity
(1000 — 3000 uS/cm), and very high salinity (EC > 3000 uS/cm) (Tatawat and Chandel, 2008).
The result of this study shows that three samples (W2, W7, and W10) representing 30 % of the
samples are in the low salinity category, while the rest (70%) are of medium salinity.

Permeability or infiltration hazard, also known as sodium (alkali hazard), measures the
ability of irrigation water to alter the soil texture and structure and affect the rate at which the
water enters the soil’s lower layers. This ability is a function of the relative concentrations of
Na’, Mg®*, and Ca®" in water, and is mostly quantified as Sodium Adsorption Ratio (SAR)
(Ayers and Westcot, 1994). The results of Table 3 show that the SAR values for all the
groundwater samples are in class 1(SAR < 10), indicating the “excellent” category. At high
SAR, the Na" in water displaces the Ca*" and Mg*" in the soil, leading to sodic soil with poor
soil structure (sodic soil becomes hard and close-packed when dry) and decreased permeability
or infiltration of the soil to water with consequent adverse effects to crops and crop yield
(Hussain and Rao, 2013; Aragaw and Gnanachandrasamy, 2021). In addition to the reduced
permeability, Na" also reacts with COs* and Cl to form alkaline and saline soils, respectively,
which negatively impact plant growth and crop yield (Todd, 1980). High SAR is also associated
with pipe scaling, corrosion, and plugging of the emitter in drip irrigation (Anyango et al., 2024).

Soluble sodium percentage (SSP or % Na) is another measure of permeability hazard, but
less satisfactory than SAR. From Table 3, all the groundwater samples can be classified as
“good” for irrigation (20 < %Na < 40) based on %Na. A similar index, the permeability index
(PD), also classified the groundwater as class II irrigation water, indicating “moderate” for
irrigation purposes (25 < PI <75).

Residual Sodium Bicarbonate (RSBC) and Magnesium Adsorption Ratio (MAR) are
irrigation water quality parameters used to measure the effect of irrigation water on soil
alkalinity (alkalinity hazard). High RSBC indicates high irrigation water pH, which can lead to
infertile soil due to the deposition of NaCO3 (Udom et al., 2019). The results of this study show
that the groundwater is safe for irrigation based on RSBC (RSBC < 5). On the other hand, the
MAR of all the water samples is less than 50%, indicating no magnesium hazard. MAR > 50%
implies more alkaline soil, leading to decreased phosphorus availability (Al-Shammiri et al.,
2005; Rawat et al., 2018).

The above-discussed indices evaluated various aspects of irrigation water quality, such as
salinity hazard, permeability hazard, and alkalinity hazard. This combination of indices is
necessary to achieve a more comprehensive understanding of water quality. While the salinity
hazard was evaluated with only EC, which, as stated earlier, indicated that 70% of the samples
have medium value and 30% have low salinity, the permeability hazard was assessed with three
different indices: SAR, SSP, and PI. The results of the SSP and PI agree with each other, with
100% of the samples in the moderate class. SAR presented a less conservative approach
concerning soil conservation, as 100% of the samples are in the excellent class. The two indices
used to assess alkalinity hazard also agree with each other (safe for irrigation).

Using multiple indices can identify potential issues by reflecting aspects of water chemistry
that impact plant growth and soil health, which a single index might overlook. Farmers and
agricultural managers benefit from the detailed insights that a combination of indices provides.
This enables them to make informed decisions regarding water use, crop selection, and irrigation
practice. In this study, 70% of the water samples have medium salinity, while 30% have low
salinity. Farmers and agricultural managers can use this information to select crops with salt
tolerance in this range. For instance, it has been shown that wheat or barley tolerates higher
salinity than rice or corn; on the other hand, irrigation with saline water can even improve the
quality of some vegetables (such as sugar content in tomatoes and melons) (Mateo-Sagasta and
Burke, 2010).
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The results also indicated that there is no need for remediation action against saline or sodic
soils. Although constrained by massive energy requirements, desalination of salty groundwater
is an available option, while leaching and drainage are required to maintain salt balance in the
soil profile and to sustain crop yield (FAO, 2007)

A plot of %Na vs EC, known as the Wilcox diagram (Wilcox, 1955), evaluates irrigation
water based on a combined effect of salinity hazard and permeability hazard and has been
commonly adopted in assessing the suitability of water for irrigation (Ziani ef al., 2017; Talib
et al., 2019; Ouarani et al., 2020; Paternoster et al., 2021; Hossain et al., 2024). The Wilcox
diagram for this study (Figure 6) shows that all the groundwater samples are in the “excellent
to good” class. This result is in agreement with the results obtained for salinity and permeability
hazards. The Wilcox diagram also shows that EC values are parallel with % Na values,
indicating that the EC is not dependent on the %Na of the water.

All the irrigation water quality parameters discussed so far focus on salinity, alkalinity, and
permeability hazards while paying less attention to specific ion toxicity. These shortfalls
necessitate using the Irrigation Water Quality Index (IWQI) proposed by Meireles et al., (2010).
It reflects the composite influence of numerous water quality parameters on the overall water
quality and uses one numeric value, making interpretation of results easy. This approach
simplifies water quality results and addresses the complexity that arises when different indices
yield conflicting results regarding the suitability of water for irrigation. The ease of
interpretation and wider inclusive parameters also make it ideal for monitoring purposes and
crucial for decision-making and managing water resources effectively. The classification of
irrigation water is based on the assumption that irrigation is used under average conditions of
soil texture, soil infiltration rate, climate, the quantity of irrigation water, and crop salt tolerance
(Wilcox, 1955). The result of this study, as presented in Figure 7, indicates that the groundwater
can be used for irrigation with moderate restrictions. The water is suitable for soils with
moderate to high permeability, with suggested moderate salt leaching. On the other hand, plants
with moderate tolerance to salt can be grown with no risk of toxicity.

Table 3. Irrigation Water Quality Parameters

Sample EC SAR PI SSP RSBC MAR

\al 512.00 0.732 52.579 23.666 -0.297 38.535
w2 489.00 0.704 55.147 24.015 -0.228 37.746
W3 535.00 0.773 51.499 23.985 -0.365 38.337
W4 507.00 0.718 54.097 23.808 -0.230 38.163
W5 520.00 0.760 52.725 24.176 -0.315 37.980
W6 515.00 0.732 52.579 23.666 -0.297 38.535
W7 498.00 0.724 54.455 24.138 -0.213 38.762
w8 525.00 0.778 51.925 24.238 -0.332 38.870
W9 510.00 0.747 54.075 24.342 -0.264 37.582
W10 499.00 0.718 54.097 23.808 -0.230 38.163
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Figure 7: Results of the Irrigation Water Quality Index

Drinking Water Quality

The suitability of the groundwater for drinking purposes was evaluated using the weighted
arithmetic water quality index method. From the result shown in Figure 8, W2 and W7 are in
the “poor” class (50 < WAWQI < 75) while the rest of the samples are in the “good” class (25
< WAWQI < 50). Although this result indicates that the majority of the groundwater samples
are good for drinking, it should be noted that the assessment did not include contaminants like
heavy metals, pesticides, polyaromatic hydrocarbons, and other contaminants of emerging
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concern, which are frequently of health concern to both surface and groundwater. The study also
did not consider the seasonal variation in the levels of the water quality parameters.
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Figure 8: Drinking Water Quality Index

Conclusion

This study explored the impact of the natural and anthropogenic factors on the groundwater
chemistry of the Mariri aquifer using the Piper diagram, Chadha diagram, and Gibbs plot to
effectively characterize the groundwater quality. The findings show that the groundwater is hard
freshwater, with Ca-Mg-HCOj as the dominant water type and the dissolution of carbonate rocks
as the major processes governing the water chemistry. This geochemical characterization is
useful for understanding the suitability of the groundwater for various purposes, especially in a
region with limited rainfall and surface water availability.

The use of different irrigation water quality indices such as EC, SAR, SSP or %Na, PI,
RSBC, and MAR, suggest that the groundwater has excellent to moderate permeability and low
to medium salinity levels with safe alkalinity levels; on the other hand, the irrigation water
quality index (IWQI) indicates that the groundwater can be used for irrigation with moderate
restrictions, thus making it a viable resources for agricultural practice in the semi-arid region.
The results show that combining different indices enhances the accuracy and reliability of
irrigation water quality assessments, ultimately supporting sustainable agriculture and effective
water management practices.

In addition, the drinking water quality index (WQI) reflects a range from “good” to “poor”,
highlighting the need for continuous monitoring and careful management to ensure safe drinking
water for the local population. There is also a need for further study on the level of contaminants
like heavy metals, pesticides, polyaromatic hydrocarbons, etc. in the groundwater to ascertain
its true drinking status.

The research also revealed a limited impact of anthropogenic activities on groundwater
quality, suggesting effective natural filtration processes. However, continuous monitoring is
needed to detect any change in water quality due to increased human activities or environmental
stressors.

This research contributed valuable data to water resource managers in the region. By
integrating hydro-geochemical characterization with irrigation and drinking water quality data,
stakeholders can improve agricultural productivity and ensure safe drinking water for the local
population. The findings provide a foundation for further research and action towards
sustainable groundwater management in semi-arid environments.
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