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Abstract 

Hydrochemistry is the study of chemical properties and processes that occur in water, including the interactions between water 

and the surrounding environment. To understanding the chemical composition of water and assess their suitability for drinking 

and irrigation purpose, water samples were collected of Mbankomo at 10 locations during rainy seasons. From theses samples, 

anions and cations were separated by high performance liquid chromatography (HPLC) using a Dionex ICS-1100 with 0.45 µm 

diameter. From de findings, it is clear that surface water has an average pH of 5.63 while, groundwater has an arithmetic mean pH 

of 5.94, with a range between 5.00 and 6.64. These data indicates that the water remains acidic. From the values of TDS (Total 

Dissolved Solid) (average value of 26.65 mg/l. in surface water; 27.30 to 118.38 mg/l, in groundwater) water samples in the study 

area are considered fresh (TDS < 1000 mg/l). Water in the research area acquires mineralization through a variety of natural 

geochemical processes, such as weathering, dissolution, ion exchange processes, and human activity. WQI (Water Quality 

Index), based on 14 major parameters indicate that water of study area are good to excellent and can use for drinking, irrigation 

and industry. The water of study area is suitable for irrigation for almost all types of crops with a possibility of limited sodium 

hazards. 
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1. Introduction 

Access to clean and safe drinking water is a fundamental 

human right and a critical component of sustainable devel-

opment. Water on Earth is predominantly saline, comprising 

approximately 97% salt water, of which only 3% is fresh 

water. Approximately 67% of this freshwater is stored in ice 

caps and glaciers, 30% exists as groundwater, and the re-

maining 3% is accessible as surface water [1-2]. Water stands 

as the quintessence of all vital and fundamental resources for 

the sustenance and survival of all life on Earth. The availa-

bility and quality of water resources are known to have im-

mediate and long-term impacts on society’s worldwide [3]. In 

arid and semi-arid regions, this natural resource is a pivotal 
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because it can be utilized for both drinking and irrigation [4, 

5]. In recent years, there has been an increase in the 

over-exploitation and contamination of surface water and 

groundwater in many areas, which has had serious conse-

quences and has caused widespread public concern [6-8]. 

Geochemical research on water has been demonstrated to 

facilitate enhanced recognition of water quality and the in-

fluences of environmental change [9-12]. These influences 

encompass processes such as rock weathering, evaporation, 

and the impact of human activities. The chemical character-

istics of water are of pivotal importance when evaluating and 

categorizing water quality. As posited by [13-16], several 

factors influence water quality. These include the geology of 

the area, the extent of chemical weathering of different rock 

types, the quality of the recharge water, the interactions be-

tween water and rock and anthropogenic activities. In regions 

like Mbankomo, located in the Center Region of Cameroon, 

the interplay between hydrochemistry and water quality sig-

nificantly influences both public health and agricultural 

productivity. As urbanization and population growth exert 

increasing pressure on water resources, understanding the 

chemical composition of water sources becomes essential for 

effective management and policy-making. This article ex-

plores the hydrochemical characteristics of water in 

Mbankomo, assessing its suitability for drinking and irriga-

tion purposes. By employing a WQI framework, we aim to 

provide a comprehensive evaluation of water quality, high-

lighting the implications for sustainable water management 

practices. Through this analysis, we seek to contribute valu-

able insights that can guide local authorities and stakeholders 

in ensuring the availability of safe drinking water and opti-

mizing irrigation strategies, ultimately fostering a healthier 

and more resilient community. 

2. Materials and Methods 

2.1. Study Area 

 
Figure 1. Geologic map of the study area with water sample. 

The commune of Mbankomo, situated in the Centre Region 

of Cameroon within the Mefou-et-Akono department, covers 

an area of 1,300km2 (approximately 22 km from Yaounde). It 

is situated between 11°13' and 11°39' east longitude and 3°37' 

and 3°57' north latitude, comprising 66 villages. The average 

altitude of the commune is 787 meters, and its population 

density is 46 inhabitants per km2 (Figure 1). From a geolog-

ical perspective, the Yaoundé region is located in the mobile 
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zone of Africa, more precisely in the Pan-African chain aged 

540 to 600 million years, as evidenced by the works of 

[17-20]. The area under consideration extends to a total of 

more than 7000 km² [21]. From a regional perspective, the 

area can be categorised into two distinct lithological groups: 

one characterised by weak metamorphism, comprising the 

Ayos, Bengbis, and Yokadouma series, and the other exhib-

iting medium to high metamorphism, constituted by the Ya-

oundé and Nanga-Eboko series. The latter is composed of 

gneiss, migmatites, micaschists, amphibolites, and calcic 

silicate rocks. From a hydrogeological perspective, the region 

under study is part of crystalline bedrock, which is essentially 

composed of two aquifers: a deeper discontinuous aquifer 

connected to major cracks and an upper aquifer situated in the 

granular worn bedrock [22]. The upper aquifer is character-

ised by its nearly isotropic nature, with a depth range of 8 to 

20 metres. Water discovered beyond 20 meters in the lower 

aquifer is anisotropic. The saprolite voids that contain the 

water of the upper aquifer have a poor permeability yet a 

considerable capacity to store groundwater [23]. The water in 

the lower aquifer is located within the basement bills and 

fissures that were created by weathering processes and the 

passage of altered deep veins across the bedrock [24-27]. 

2.2. Water Sampling 

In order to ascertain the hydrogeochemical characteristics 

of the water, a total of ten (10) samples were collected. These 

comprised one spring, 7 excavated wells tapping into the 

shallow aquifer (2-12 m), and two surface water samples. The 

samples were gathered in October 2022 (rainy season). The 

selection of sampling locations was influenced by factors such 

as the owner's consent, accessibility, and the water table 

conditions of the dug wells. A Garmin 64S GPS was em-

ployed to record the geographical coordinates at each sam-

pling site. In order to obtain a sample of water from the aq-

uifer which was representative of the total, samples were 

collected from the excavated wells between 7am and 10am, 

i.e. when residential water extraction is at its peak. In-situ 

parameters such as pH, electrical conductivity (EC), and 

temperature (T) were measured using HANNA multimeters. 

The pH meter was calibrated using different buffer solutions 

at pH 4.0, 7.0, and 12.0, while the electrode of the EC meter 

was calibrated with a 0.01 M KCl standard (1413 μS.cm-1). 

The collection of a river sample was achieved by submerging 

the sampling bottles in the centre of the channel at a depth of 

approximately 30 cm, in areas exhibiting the highest flow 

velocity [28-31]. This approach ensures effective homogeni-

sation of solid particles and dissolved components [32]. The 

collection of groundwater samples was undertaken using a 

variety of methods, direct immersion of a bottle in relation to 

springs, and, in the case of wells, the repeated rinsing of the 

bucket with sample water prior to filling. In accordance with 

the recommended procedures outlined by [33], water samples 

were collected in sanitized 500 ml polyethylene bottles and 

kept in a chiller at 4°C until examination in the laboratory. A 

small quantity of concentrated HNO3 was added to the sam-

ples intended for cations analysis. Prior to filling, the sample 

water was used to rinse each bottle three times. 

2.3. Data Treatment 

2.3.1. Laboratory Analysis 

Once at the laboratory, the samples were filtered by the 

frontal filtration method using an electric vacuum pump. This 

filtration unit is equipped with a cellulose millipore filter 

(NALGENE filter) with a porosity of 0.4 um, which was 

previously dried in an oven at 105°C for 3 hours. This pro-

cedure was used to obtain the TSS and the filtrate for chemical 

analysis. Anions and cations were separated by high perfor-

mance liquid chromatography (HPLC) using a Dionex 

ICS-1100 with 0.45 µm diameter. The concentrations of Ca2+, 

Mg2+ and SO4
2- were measured using the EDTA (Ethylene 

Diamine Tetraacetic Acid) titration method with an error of ± 

1%, ± 1% and ± 0.5% respectively. K+ and Na+ concentrations 

were determined by FAME atomic absorption spectropho-

tometry with an accuracy of 0.1 mg/L. Anion concentrations 

were determined by argentometric titration with a relative 

error of ± 1%. All analyses were performed according to the 

standard procedures proposed by the American Public Health 

Association [33-37]. 

2.3.2. Identification of the Factors Controlling 

Water Quality in the Study Area 

The chemical parameters obtained were utilised to calculate 

the choro-alkaline indices (CAI 1 and CAI 2, [38-40]), The 

chloro-alkaline indices were determined using the 

aforementioned formula. 

CAI −  1 =  Cl− − (Na+  +  K+) / Cl−         (1) 

CAI −  2 =  Cl−  −  (Na+  +  K+) / (SO4
2− + HCO3

−  +

 NO3
−)                   (2) 

The relation between the concentrations of calcium (Ca²⁺), 

magnesium (Mg²⁺), bicarbonate (HCO3
-) and sulphate (SO4

2-) 

ions, expressed as a function of the concentrations of sodium 

(Na+) and potassium (K+) ions, and chlorine (Cl-) ions, has 

been utilized to elucidate the role of the cation exchange 

mechanism in the process of groundwater mineralization. In 

the event of the two parameters exhibiting a linear connec-

tion with a slope of −1, it is confirmed that there is cation 

exchange [41, 42]. 

The Gibbs model is a technique for determining and 

comprehending the origin of groundwater mineralisation 

between precipitation, evaporation, and water-rock 

interaction [43-45, 35, 36]. The Gibbs value and the diagram 

have been obtained using Diagram software, which uses the 

equation below (Eq. 3). 
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TDS =  f (Na+ ∕ Na+  +  Ca2+) and TDS =  f (Cl− ∕ Cl−  +

 HCO3)                 (3) 

2.3.3. Water Quality Index 

(i) Water Quality Assessment for Drinking 

The Water Quality Index (WQI) is an effective and 

straightforward mathematical tool used to evaluate the overall 

quality of groundwater. It takes into account various criteria 

that determine its suitability for drinking and irrigation pur-

poses [46, 47]. In this study, the water analyzed characteris-

tics, which were taken into consideration for the calculation of 

this indice are pH, EC, TSS, T°C, Na+, K+, Mg2+, Ca2+, Cl-, 

NO3
-, SO4

2-, HCO3
-, F, PO4

3-. This calculation of this param-

eter is divided into four stages [35, 48-51]. 

Step 1: The initial step involves assigning a weight (wi) to 

each selected parameter for calculating the Water Quality 

Index (WQI), based on its significance for water quality and 

its impact on human health. The assigned weights range from 

1 to 5, with a value of 1 indicating low importance (e.g., 

HCO3
-) and a value of 5 representing the highest priority 

parameters for overall water quality assessment (such as TDS, 

NO3
-, F-, etc.). 

Step 2: In this stage, the relative weight of each parameter is 

determined (Eq. (4)). 

Wi =
k

𝑆𝑖
               (4) 

where Wi denotes the relative weight, n represents the total 

number of parameters, and wi is the assigned weight for each 

individual parameter. 

k is proportionality constant given by the relationship [52]. 

𝑘 =
1

∑ (
1

𝑠𝑖
)𝑛

𝑖=1
                 (5) 

Step 3: This step involves calculating the quality rating 

scale (qi) for each parameter (Eq. (6)).  

qi =
Ci

Si
∗ 100             (6) 

where qi represents the quality rating scale, Si is the drinking 

water standard [53] for each chemical parameter, and Ci is the 

observed value of each chemical parameter in mg/L. 

Step 4: In this final step, the overall Water Quality Index 

(WQI) was then calculated by the following formula (Eq. (7)): 

WQI =  
𝑞𝑖𝑤𝑖

∑ 𝑤𝑖
                   (7) 

Finally, the classification of water types is determined 

based on the WQI value, as outlined in Table 1 [54-56]. 

The other water quality indices used are pollution and ag-

ricultural indices from equations proposed by [57, 58] (Eqs. 8 

& 9). These indices were calculated using sample’s anion 

concentration ratios. 

%pollution = 
[𝐶𝑙−]+ [𝑆𝑂4

2−]+ [𝑁𝑂3
−]

[𝐶𝑙−]+ [𝑆𝑂4
2−]+ [𝑁𝑂3

−]+ [𝐻𝐶𝑂3
−] 

         (8) 

%agriculture = 
[𝑆𝑂4

2−]+ [𝑁𝑂3
−]

[𝐶𝑙−]+ [𝑆𝑂4
2−]+ [𝑁𝑂3

−] 
            (9) 

Table 1. Classification of water quality based on WQI value [122, 

123]. 

Rank WQI Water quality Possible Use 

1 0 - 25 Excellent 
Potable water. 

irrigation and industry 

2 25 - 50 Good 
Potable water. irriga-

tion and industry 

3 50 - 75 Poor Irrigation and industry 

4 75 - 100 Very poor Irrigation 

5 > 100 
Non-drinkable 

water 

Suitable treatment 

before use 

(ii) Irrigation Water Quality Assessment 

The quality of the water used for irrigation is an important 

indicator of the quality of the crop and its effect on soil 

characteristics. Achieving superior crop production necessi-

tates the use of water that is both nutrient-rich and free from 

any pathogens. The adverse effects of water quality on crop 

yield are attributable to toxicity and nutrient inadequacy. A 

number of factors must be taken into account when deter-

mining the suitability of Deepor Beel water for irrigation. 

These are outlined below, with the relevant ionic concentra-

tion levels in meq/L of the corresponding elements shown 

inside the square bracket. 

1. Sodium adsorption ratio (SAR) 

SAR (Eq. 10) is measured as sodium concentration with 

respect to calcium and magnesium. This essentially deter-

mines the measure of sodium hazard [59]. 

SAR = 
[𝑁𝑎+]

√[𝑁𝑎+]+[𝑀𝑔2+]

2

           (10) 

2. Kelly’s ratio (KR) 

KR (Eq. 11) is a further tool for measuring sodium hazard, 

which is expressed as a fraction of sodium to calcium and 

magnesium concentrations [60]. 

KR = 
[𝑁𝑎+]

[𝐶𝑎2+]+[𝑀𝑔2+]
            (11) 

3. Soluble sodium percentage (SSP) 

Sodium, when present in excess, can hinder plant growth 

by reducing soil permeability. Therefore, assessment of SSP 
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(Eq. 12) is critical [61]. 

SSP = 
[𝑁𝑎+]+[𝐾+]

[𝑁𝑎+]+[𝐾+]+[𝐶𝑎2+]+[𝑀𝑔2+]
 𝑥 100               (12) 

4. Residual sodium carbonate, RSC 

The study [62] developed an equation to quantify RSC in 

water with high HCO3−, because they tend to precipitate as 

carbonates of Ca2+ and Mg2+. The equation is as follows: 

RSC =  (HCO3 − + CO3
2−)  −  (Ca2+ + Mg2+)    (13) 

5. Magnesium adsorption ratio (MAR) 

Excess magnesium in the water can significantly disrupt 

crop growth by making the water more alkaline. As out-

lined in equation 15, the MAR model is a useful tool for 

assessing the potential magnesium hazard to crop yield 

[63]. 

MAR = {
[𝑀𝑔2+]

[𝐶𝑎2+]+[𝑀𝑔2+]
}  × 100           (14) 

6. Potential Salinity 

The potential risks associated with high salt concentrations 

(Cl- and SO42-) in irrigation water were assessed utilising 

the PS, calculated according to the following equation (Eq. 

15) [64]: 

PS = 𝐶𝑙− + 
𝑆𝑂4

2−

2
               (15) 

3. Results and Discussion 

3.1. Physicochemical Parameter of Water 

The physico-chemical analysis of the water samples is 

summarized in Table 2. The data demonstrate that the average 

of temperature of surface water is 22.95°C and for ground-

water this parameter varied from 24.20 to 24.90°C, with an 

average of 24.55°C. The groundwater temperature is shown to 

be significantly higher than the average of the atmospheric 

temperature, indicating a strong degree of infiltration into the 

aquifer within the study area. Surface water has an average pH 

of 5.63. In contrast, groundwater has an arithmetic mean pH 

of 5.94, with a range between 5.00 and 6.64. The US Envi-

ronmental Protection Agency (EPA) considers pH to be a 

secondary guideline for drinking water and recommends a pH 

range of 6.5 to 8.5 for drinking water [65]. The values ob-

tained in this study are therefore outside this range. The study 

indicates that the water remains acidic, with a pH of less than 

7, which aligns with findings from other researchers who have 

reported similar results in the water of Yaoundé [66, 67], [68] 

in the Ndop plain of North west Cameroon; [69] in Mbal-

mayo's groundwater, as well as [42] in the Mayo Bocki wa-

tershed in North Cameroon; [70] in Ngaoundere Cameroon; 

[71] in central Cameroon. [72-74] suggest that the observed 

acidity is influenced by several factors, including the presence 

of acids from organic matter decomposition [32, 75] and the 

siliceous composition of the basement in the central region. 

The presence of acidity in the water can be attributed to the 

leaching process that occurs at the landfill sites in the locality. 

Given the nature of the landfill site, which contains a variety 

of waste materials, including lead-acid batteries and plastic 

stabilisers from multiple sources, there is a high probability of 

acid leaching from these wastes. This process has the potential 

to result in the entry of these materials into the Mbankomo 

ecosystem, leading to a significant decrease in pH levels [76]. 

In surface water, total dissolved solids (TDS) have an average 

value of 26.65 mg/l. In the groundwater, the TDS values range 

from 27.30 to 118.38 mg/l, with an arithmetic mean of 51.44 

mg/l. Based on [77] classification, all water samples in the 

study area are considered fresh (TDS < 1000 mg/l). The mean 

value of electrical conductivity in surface water is 38.65 

µS/cm. Conversely, groundwater electrical conductivity var-

ies from 42.10 to 181.38 µS/cm, with an average of 78.92 

µS/cm. The mineralization levels in surface water range from 

low to medium, while groundwater exhibits extremely weak 

mineralization. All water samples have electrical conductivity 

below the acceptable limit stipulated by the World Health 

Organization (WHO). The electrical conductivity of surface 

water averaged at 38.65 µS/cm, while in groundwater it 

ranged from 42.10 to 181.38 µS/cm, with an average of 78.92 

µS/cm. The analysis indicates that all the water samples in the 

study area exhibit low to medium levels of mineralization, 

which are within the limits authorized by the World Health 

Organization (WHO). The order of abundance of cations and 

anions concentrations is as follow Ca2+ >Na+ > K+ >Mg2+ > 

NH4
+ and SO4

2- > NO3
- > Cl- > HCO3

- > F- > PO4
3-. The av-

erage TDS increased from one to almost double from surface 

water (26.65 mg/l) to groundwater (51.44 mg/l). Conversely, 

the mean relative concentrations of dissolved ions other than 

Cl-, SO4
2-, HCO3

- and F- exhibited an increase from ground-

water to surface water (Figure 2). This phenomenon can be 

attributed to the collection of samples during the rainy season, 

a period of heightened stream water activity. The leaching of 

soil by stream water is a plausible cause of the elevated ion 

concentrations observed in surface water relative to ground-

water, particularly given the comparatively higher water flow 

rates characteristic of this season. The relatively elevated TDS 

in groundwater is indicative of the impact of unconsolidated 

sediments and crystalline rocks on the chemical enrichment of 

water as it percolates through the under saturated zone (or 

flows through the aquifer) [78]. The low concentrations of 

major ions in groundwater are indicative of the weak wa-

ter-rock interactions in the granitic basement, the short resi-

dence time, the shallow nature of the aquifer and its acidic 

nature) [79]. 
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Table 2. Physical and chemical parameters of water of Mbankomo (Cameroon). 

Water type CODE T (°C) pH 
EC 

(μS/cm) 

MES 

(mg/l) 

TDS 

(mg/l) 
Na+ (mg/l) K+ (mg/l) 

Mg2+ 

(mg/l) 

Surface water  
MBS1 23.60 6.37 46.30 1.55 31.85 0.85 0.67 0.44 

MBS2 22.30 4.90 31.00 1.97 21.45 1.22 0.77 0.61 

 Mean 22.95 5.63 38.65 1.76 26.65 1.03 0.72 0.52 

Groundwater 

MBSP 24.70 6.64 45.70 2.03 118.38 0.73 0.53 0.27 

MBW1 24.60 6.50 181.38 0.80 81.90 0.15 0.06 0.06 

MBW2 24.30 6.38 124.90 1.50 55.90 0.14 0.05 0.06 

MBW3 24.90 5.55 86.20 0.96 31.20 0.14 0.06 0.07 

MBW4 24.50 5.58 47.90 0.88 35.75 0.13 0.05 0.09 

MBW5 24.20 5.50 55.30 3.90 31.20 0.15 0.05 0.09 

MBW6 24.30 5.00 47.90 2.36 27.30 0.19 0.08 0.11 

MBW7 24.90 6.41 42.10 2.70 29.90 1.15 1.04 0.73 

 Min 24.20 5.00 42.10 0.80 27.30 0.13 0.05 0.06 

 Max 24.90 6.64 181.38 3.90 118.38 1.15 1.04 0.73 

 Mean 24.55 5.94 78.92 1.89 51.44 0.35 0.24 0.19 

 

Water type CODE 
Ca

2+
 

(mg/l) 
NH

4+
 (mg/l) Cl

-
 (mg/l) NO3

-
 (mg/l) SO4

2- 
(mg/l) 

HCO3
- 

(mg/l) 
F

-
 (mg/l) 

PO4
3-

 

(mg/l) 

Surface 

water  

MBS1 3.67 0.05 9.64 26.52 18.50 0.99 0.20 0.08 

MBS2 1.83 0.29 15.52 102.07 11.65 0.99 0.55 0.00 

 Mean 2.75 0.17 12.58 64.29 15.07 0.99 0.37 0.04 

Groundwa-

ter 

MBSP 3.09 0.07 11.45 55.29 18.93 0.36 0.41 0.03 

MBW1 0.17 0.03 4.35 23.66 83.66 0.60 1.06 0.01 

MBW2 0.14 0.03 15.87 33.52 71.06 0.95 0.93 0.02 

MBW3 0.13 0.02 29.97 116.74 339.24 1.58 1.40 0.03 

MBW4 0.18 0.02 22.51 89.73 194.87 1.98 1.07 0.04 

MBW5 0.21 0.04 14.10 44.77 35.72 6.23 0.41 0.01 

MBW6 0.32 0.06 8.61 44.81 18.50 0.90 3.00 0.03 

MBW7 1.53 0.03 21.74 61.15 10.94 0.88 0.86 0.02 

 Min 0.13 0.02 4.35 23.66 10.94 0.36 0.30 0.01 

 Max 3.09 0.07 29.97 116.74 339.24 6.23 1.38 0.04 

 Mean 0.72 0.03 16.08 58.71 96.61 1.68 0.80 0.02 
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Figure 2. Mean relative concentrations of ions in water of the study area. 

3.2. Hydro Chemical Facies of Water 

 
Figure 3. Water facies showing of Mbankomo. 

The cations and anions were plotted on a trilinear diagram 

proposed by [80] to analyze the water facies (Figure 3). As 

this diagram demonstrate, it is possible to facilitate compre-

hension of the geochemical evolution of water in general. The 

diagram illustrates only one facies: Ca-Mg-Cl-SO4. This 

facies exhibited evidence of a mixing process involving two 

distinct elements: firstly, the presence of anthropogenic pol-

lutants associated with surface contamination sources such as 
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domestic wastewater and septic tank effluent, and secondly, 

an ion exchange phenomenon with the surrounding water. 

3.3. Geochemical Evolution 

The Gibbs diagram (Figure 4) [81] was developed as a 

means of analysing the various geogenic processes that con-

trol the geochemistry of the water in the study area. This 

diagram has been employed by numerous researchers on 

multiple occasions to characterize both surface and ground-

water [82]. 

The Gibbs ratios of Na+ + K+ / (Na+ + K+ + Ca2+) and 

Cl-/ (Cl- + HCO3-) plotted against Total Dissolved Solids 

(TDS) were utilized to identify the dominant environmental 

controls on water chemistry. All of the samples analyzed were 

found to fall within the range of dominance of rock weather-

ing. This finding indicates that the enrichment of ionic con-

stituents in surface water and groundwater is principally at-

tributable to rock weathering and dissolution processes oc-

curring in soils or aquifer materials along the groundwater 

flow path. The geology of the study area made of gneiss and 

migmatite with alteration likely to be responsible for the re-

lease of these elements. 

The chloroalkaline indices I and II are to be employed for 

the purpose of ascertaining the chemical reactions in which 

ion exchange occurs [70, 83, 84]. The study's CAI 1 and CAI 

2 results vary from 0.80 to 0.99 and -0.0013 to 0.04, respec-

tively. As illustrated in Table 3, all water samples exhibited a 

positive response to both CAI-1 and CAI-2. This finding 

indicates that the sodium (Na) and potassium (K) ions pre-

sent in the water undergo an exchange process with the 

magnesium (Mg) and calcium (Ca) ions present in the un-

derlying rocks. 

  
Figure 4. Mechanism governing water chemistry. 

3.4. Origin of Solutes and Hydrochemical 

Controls 

The presence and interactions of ions within water can offer 

insights into the origins of solutes and the processes that have 

contributed to its chemical composition, as evidenced by 

earlier studies [85, 86]. Table 3 shows the correlation coeffi-

cients between ionic species in water. The strong positive 

correlation between NO3
- and Cl- indicates their anthropo-

genic origin [87, 88]. The main potential sources of NO3
- are 

the proximity to the numerous shallow pit toilets and the 

oxidation of organic matter due to the proximity (>15 m) of 

the shallow water table and the predominance of agriculture, 

respectively. The correlation coefficient between magnesium 

and calcium (0.63) is indicative of rock dissolution related to 

the residence time of water in the aquifer [89]. The strong 

correlation between chloride and sulfate ions (0.70) and be-

tween potassium and sodium ions (0.98) indicates salinization 

resulting from latrine proximity or leaching of secondary 

salts. 

Ionic ratio characterization is necessary to distinguish be-

tween the possible origins of the ratios. Additionally, the 

fundamental hydrogeochemical processes that regulate the 

aquifer system can be studied using the ions ratio between the 

principal ions [90-93]. As demonstrated in Figure 5a, the 

scatter diagram of Ca2+ + Mg2+ as a function of HCO3
- pro-

vides a comprehensive explanation of the sources of Ca²⁺ and 

Mg²⁺ in the waters of the study area. This analysis offers a 

more nuanced understanding of the primary source of dis-

solved solids. The data indicates that the ratio (Ca2+ + 

Mg2+)/HCO3
-) for the majority of the samples lies above the 
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1:1 trend line. This finding suggests that the presence of al-

kaline earth metals (Ca²⁺ and Mg²⁺) is predominantly at-

tributable to the weathering of silicates and the dissolution of 

carbonates, such as dolomite, which is a consequence of the 

precipitation of calcium carbonate. This confirms that silicate 

alteration is the main mechanism for the appearance of dis-

solved salts in water [93-95]. In the study area, the ratio (Ca²⁺ 

+ Mg²⁺)/HCO³⁻) varied from 0.18 to 30.12. 90% of water 

samples have this ratio > 0.5 which suggests that the solutes in 

the water of the study area are chiefly derived from the alter-

ation processes of silicates, rather than from the dissolution of 

carbonates [96]. The preponderance of data indicates that the 

majority of points are concentrated on the Ca²⁺ and Mg²⁺ side, 

thereby suggesting that the excess calcium and magnesium is 

derived from alternative processes, such as reverse ion ex-

change. This is attributable to the fact that if the Ca²⁺ and 

Mg²⁺ were derived exclusively from the alteration of car-

bonates and silicates, they would have to be balanced by 

alkalinity alone [97]. As asserted by [98], the elevated ratio 

(Ca²⁺ + Mg²⁺)/HCO³⁻) indicates that the surplus of Ca²⁺ and 

Mg²⁺ has been counterbalanced by Cl⁻ and SO⁴
²⁻. Furthermore, 

evidence has been provided to demonstrate that the ratio (Ca²⁺ 

+ Mg²⁺)/HCO³⁻ > 0.5 indicate that a reverse cation exchange 

process has occurred [99]. The reverse ion exchange pro-

cesses, which release Ca2+ and Mg2+ in the groundwater 

within the watersheds studied, are shown in reactions (16) and 

(17) [100]. 

2𝑁𝑎+ + 𝐶𝑎 − 𝐶𝑙𝑎𝑦 → 2𝑁𝑎 − 𝐶𝑙𝑎𝑦𝑠 + 𝐶𝑎2+    (16) 

2𝑁𝑎+ + 𝑀𝑔 − 𝐶𝑙𝑎𝑦 → 2𝑁𝑎 − 𝐶𝑙𝑎𝑦𝑠 + 𝑀𝑔2+   (17) 

The Ca²⁺+ Mg²⁺ vs. HCO3
- + SO4

2- point cloud was uti-

lized to investigate the feasibility of an ion exchange process. 

In the event of normal ion exchange predominating, the 

points represented should move towards the HCO3
- + SO4

2- 

domain. However, if reverse ion exchange does dominate, 

the shift is towards the Ca2++ Mg2+ domain [101]. This is due 

to the increase in Ca2+ and Mg2+ released from the rocks. The 

few analysis water samples revealed a correlation with the 

1:1 trend line (Figure 5b). This finding suggests the dissolu-

tion of dolomite and silicate minerals in study area, as evi-

denced by reactions show in equations (18), (19). 

𝐶𝑎𝑀𝑔(𝐶𝑂3)2 (𝑑𝑜𝑙𝑜𝑚𝑖𝑡𝑒) + 2𝐻2𝑂 + 2𝐶𝑂2  →  𝐶𝑎2+ +

 𝑀𝑔2+ + 4𝐻𝐶𝑂3
−               (18) 

𝐶𝑎0.4𝑀𝑔0.9𝐹𝑒0.2𝑆𝑖2𝑂6(𝐶𝑙𝑖𝑛𝑜𝑝𝑦𝑟𝑜𝑥è𝑛𝑒) + 3.8𝐶𝑂2 +

2.4𝐻2𝑂 →  0.4𝐶𝑎2+ +  0.9𝑀𝑔2+ + 2𝑆𝑖𝑂2 + 3.8𝐻𝐶𝑂3
− +

0.4𝐻+ + 0.2𝐹𝑒(𝑂𝐻)3 (19) 

In order to assess the impact of silicate and carbonate 

weathering on groundwater chemistry, the Mg2+/ Ca2+ ratio is 

also calculated [102]. Figure 5c shows that all the water 

samples were distributed above the 1:1 trend line, indicating 

carbonate and silicate minerals rich in magnesium. The ratio 

of Mg2+/Ca2+ varies from 0.14 to 0.87 indicating the wa-

ter-rock reaction mainly dominated by the congruent dissolu-

tion of igneous rocks made up of magnesium rich minerals 

such as ferromagnesian. 

The relationship between Na+ and Cl- is depicted in figure 

5(d), and all the points are on the upper or close side of the 

tred line, suggesting that the dissolution of halite mineral is 

not the principal source of Na+ and Cl- [92, 93, 103]. Figure 

5(e) (Ca2+ vs. HCO3
-) shows that, most of the water samples 

were below the 1:1 line, in which more HCO3
- than Ca2+ and 

dissolution of dolomite, clinopyroxene, amphibole, and an-

orthite happened. 

K+ vs. HCO3
- shows that all the samples fell below the 1:1 

trend line (Figure 5f), indicating higher HCO3
- than K+ con-

centrations, from which the source is mainly biotite due to 

high temperature. 

Trends of K+/Cl- vs. Cl- (Figure 5g) revealed that all of 

water samples in the study area had a K+/Cl- ratio ˂ 0.2, 

suggesting weathering of K-feldspar is not abundant in the 

study area. 

Plot Ca2+/ Ca2++ SO4
2- vs. pH is plotted to represent disso-

lution of carbonate minerals [104]. In all portions of the 

study area, all the water samples fell in the area of the Ca2+ 

depletion may have originated from carbonate or silicate 

sources (Figure 5h). 

Table 3. Pearson correlation coefficients of all analyzed water sources. 

Parameter Na
+
 K

+
 Mg

2+
 Ca

2+
 Cl

-
 NO3

-
 SO4

2-
 HCO3

-
 NH4

+
 F

-
 pH T°C CE MES TDS 

Na+ 1.00               

K+ 0.98 1.00              

Mg2+ 0.97 0.98 1.00             

Ca2+ 0.74 0.73 0.63 1.00            

Cl- -0.01 0.03 0.07 -0.26 1.00           

NO3
- 0.14 0.08 0.14 -0.16 0.80 1.00          
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Parameter Na
+
 K

+
 Mg

2+
 Ca

2+
 Cl

-
 NO3

-
 SO4

2-
 HCO3

-
 NH4

+
 F

-
 pH T°C CE MES TDS 

SO4
2- -0.53 -0.51 -0.49 -0.48 0.70 0.61 1.00         

HCO3
- -0.33 -0.34 -0.28 -0.35 0.14 0.01 0.05 1.00        

NH4
+ 0.24 0.22 0.11 0.66 -0.56 -0.37 -0.54 -0.10 1.00       

F- -0.38 -0.33 -0.30 -0.60 0.62 0.46 0.80 -0.13 -0.81 1.00      

pH 0.08 0.20 0.07 0.36 -0.22 -0.55 -0.16 -0.32 0.13 0.10 1.00     

T°C -0.49 -0.33 -0.42 -0.33 0.24 -0.14 0.40 0.00 -0.06 0.46 0.48 1.00    

CE -0.54 -0.52 -0.53 -0.47 -0.28 -0.39 0.24 -0.17 -0.43 0.53 0.42 0.33 1.00   

MES 0.23 0.24 0.27 0.08 -0.12 -0.20 -0.57 0.63 0.33 -0.59 -0.20 -0.10 -0.48 1.00  

TDS -0.53 -0.51 -0.53 -0.46 -0.29 -0.40 0.24 -0.17 -0.43 0.52 0.42 0.31 1.00 -0.48 1.00 
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Figure 5. Relationships between major ion concentrations of water samples of study area to discriminate hydrochemical processes. (a) 

(Ca2++ Mg2+) vs. HCO3
-, (b) (Ca2++ Mg2+) vs. HCO3

- + SO4
2-, (c) Mg2+ vs. Ca2+, (d) Cl- vs. Na+, (e) Ca2+ vs. HCO3

-, (f) K+ vs. HCO3
-, (g) 

K+/Cl- vs. Cl-, (h) Ca2+/ Ca2++ SO4
2- vs. pH. 

3.5. Anthropogenic Controls on Water Quality 

The objective of this part of the study is to ascertain the 

provenance of components that do not demonstrate a correla-

tion with Total Dissolved Solids (TDS) and appear to be 

unrelated to geology. Figure 6 provides a visual representa-

tion of this through the plotting of Cl- versus NO3
-, Cl- versus 

SO4
2-, NO3

- versus SO4
2-, and NO3

- versus K+. The figure 

elucidates the presence of strong correlations between Cl- and 

NO3
- and between Cl- and SO4

2-, signifying the presence of 

mixed or analogous anthropogenic inputs. The water type 

Ca-Mg-Cl-SO₄ observed in the piper diagram indicates a 

significant impact of anthropogenic activities. A robust cor-

relation has been identified between chlorides and nitrates, 

suggesting a common origin for these components and im-

plicating them in laundry and sanitation practices, such as the 

use of effluent from latrines. However, chloride and sulphate 

ions have been found to predominate in the laundry waters of 

domestic sources. Furthermore, Figure 6 demonstrates an 

association between K⁺ and NO3
− and SO4

2− and NO3
−. The 

increase in nitrate levels, excluding potassium, indicates that 

the observed growth is not attributable to pollution from fer-

tilizers used in agriculture. As posited by [41, 105], the oxi-

dation-reduction reactions of organic matter associated with 

septic-tank effluent, animal, or plant production are predom-

inantly accountable for the occurrence of nitrates in this area. 

In order to also evaluate the impact of human activities on 

the water in Mbankomo, the percentage of pollution and ag-

riculture were determined. The values of the pollution index 

(PI) vary between 94.80 and 99.74%, with an average of 

98.86%. Areas with a PI < 40% are dominated by weathering 

reactions, while those with a PI > 40% are dominated by 

pollution. Subsequent to the initial observation, the overall 

pollution level in the area exhibiting PI > 40% was found to be 

100% (Figure 7). 

The percentage of agriculture exhibited significant varia-

tion, ranging from 66.47% to 94.55%, with an average of 

82.08%. It is evident that regions exhibiting a percentage of 

agricultural activity in excess of 50% are subject to the re-

percussions of agricultural endeavors. Conversely, those 

demonstrating a percentage of agricultural activity that is less 

than 50% are influenced by the consequences of urban pollu-

tion and atmospheric inputs [57, 58]. However, the combina-

tion of% pollution and% agriculture enables the delineation of 

the composition of water into three classes, as defined by [58]: 

The classification system is comprised of three distinct classes: 

(1) weathering class, characterised by natural geogenic 

weathering processes with a PI < 40%; (2) effluent class, 

characterised by a PI > 40% and% agriculture < 50%; and (3) 

fertilization class, characterised by a PI > 40% and a% agri-

culture > 50%. The classification system is the foundation for 
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the subsequent analysis, which indicates that all the water 

samples were dominated by agricultural pollution [57, 89]. 

The observations indicate that the study area is influenced by 

agriculture, urban pollution, and the atmosphere, with impli-

cations for the suitable use of untreated water. 

 
Figure 6. Relationship between NO3

- vs Cl-, SO4
2- vs NO3

-, Cl- vs SO4
2- and K+ vs SO4

2-. 

 
Figure 7. Variation in the percentage of pollution as a function of Na/Cl in water of study area. 
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3.6. Assessment of Water Suitability for 

Drinking and Irrigation Purpose 

3.6.1. Water Quality Index (WQI) 

The Water Quality Index (WQI) was calculated using the 

weighted arithmetic average method. The WQI calculation 

method is a rigorous approach that considers maximum per-

missible limits for any given regulation, whether it is national 

or international in scope. This method is adopted in accord-

ance with the specific requirements of the study in question. 

This method is not without its limitations. For instance, it is 

not possible to evaluate all the risks present. Furthermore, 

weighting is required for every boundary as per its importance, 

which could be subjective. The results of the study indicated 

that the WQI in the designated area ranged from 17.18 to 

47.52, with a mean value of 30.01 (table 4). The study found 

that 40% of samples were classified as excellent, 60% as good. 

Based on this result, the water of the study area can use for 

drinking, irrigation and industry. 

Table 4. WQI values location wise with water type for all the sam-

pling sites. 

Samples WQI Water type Possible use 

MBW1 38.00 Good 
Potable water. Irrigation and 

industry 

MBW2 34.07 Good 
Potable water. Irrigation and 

industry 

MBW3 47.52 Good 
Potable water. Irrigation and 

industry 

MBW4 39.15 Good 
Potable water. Irrigation and 

industry 

MBW5 21.36 Excellent 
Potable water. Irrigation and 

industry 

MBW6 18.90 Excellent 
Potable water. Irrigation and 

industry 

MBW7 33.89 Good 
Potable water. Irrigation and 

industry 

MBSP 24.77 Excellent 
Potable water. Irrigation and 

industry 

MBS1 17.18 Excellent 
Potable water. Irrigation and 

industry 

MBS2 25.26 Good 
Potable water. Irrigation and 

industry 

3.6.2. Water Quality Characteristics for Irrigation 

Purposes 

Sodium Adsorption Ratio (SAR), Sodium Percentage 

(Na%), Kelly’s Ratio (KR), Residual Sodium Carbonate 

(RSC), Magnesium Adsorption Ratio (MAR), Potential Sa-

linity (PS) have all been used to assess the suitability of wa-

ter for irrigation. The suitability of water for irrigation has 

been graded using these indicators. 

The most widely utilized method for determining the suit-

ability of irrigation water is the Sodium Absorption Ratio 

(SAR) [106]. An increase in sodium content in soil has been 

shown to result in the displacement of calcium and magne-

sium ions by sodium. This process has been found to induce 

deflocculation of the soil, leading to a decrease in the rate of 

infiltration and permeability. Furthermore, this shift in ion 

composition has been observed to reduce the availability of 

vital nutrients and water. Consequently, this has been 

demonstrated to result in decreased crop yields [107, 108]. 

Furthermore, soils that are affected by sodicity issues fre-

quently encounter difficulties with water infiltration. Addi-

tionally, these soils may exhibit problems with their soil 

structure, which can result in diminished load-bearing capac-

ity [109, 110]. The process under investigation has been 

shown to induce the dispersion of clay particles, thereby 

causing them to separate from one another. Consequently, 

the soil structure is characterized by the predominance of 

exceedingly fine pores, a phenomenon that substantially im-

pedes both water movement and permeability [111, 112]. 

The mean value of the SAR values was found to be 0.10, 

with a range of 0.06 to 0.20. As demonstrated in Table 5, it is 

evident that all samples exhibit optimal compatibility for 

irrigation purposes. The investigation revealed that all the 

water samples fell within the C0S1 and C1S1 categories, 

indicating low salinity and low sodium levels indicating their 

suitability for irrigation without posing any alkalinity risk to 

crops. This finding is consistent with the classification sys-

tem outlined in Figure 8, which employs a salinity diagram 

to categorize water samples based on their chemical compo-

sition. 

 
Figure 8. Suitability of water for irrigation from Riverside dia-

grams. 
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Figure 9. Suitability of water for irrigation from Wilcox diagrams. 

One important factor in evaluating whether water is suita-

ble for irrigation is its percent salt content. When used for 

irrigation, high salt content of the water may hinder plant 

growth and decrease soil permeability [113]. The Na⁺ per-

centage ranged from 16.85 to 48.86% in with an average of 

35.43%, (table 5). The quality of water intended for irriga-

tion of crops exhibited a range of excellent quality base for 

this ratio. In accordance with the Wilcox classification [114], 

the water samples exhibited a range of excellent quality for 

irrigation purposes (Figure 9). 

The SSP values of the water samples from the study area 

ranged from 19.76 to 37.57% with an average of 31.01%. 

Based on the SSP classification, all water samples had values 

less than 60% and were therefore considered safe for irriga-

tion (Table 5). 

The RSC has been demonstrated to be a valuable tool for 

the assessment of irrigability through the CO3
2- and HCO3

- 

ratio [115]. A negative RSC value was observed in 60% of 

the samples collected, indicating that Na+ is the predominant 

cation. An excess of Na+ has been shown to compensate for 

Ca2+ and Mg2+ ions by precipitating them as CO2. Neverthe-

less, 40% of the samples exhibited a positive RSC value, 

suggesting elevated concentrations of HCO3
- via Ca2+ and 

Mg2+ ions in the form of calcium bicarbonate and magnesi-

um bicarbonate [116]. In addition, [117] classified water 

quality based on RSC values as follows: good (RSC ˂ 1.25), 

moderately suitable (1.25 ˂ RSC ˂ 2.5), and unsuitable 

(RSC > 2.5). The calculated average RSC value in the study 

area was -0.05 meq/l, with a range of -0.20 to 0.08 meq/l. As 

demonstrated in Table 5, all of the water samples were clas-

sified as being of the good water quality. 

The range of KI values was from 0.17 to 0.49, with an av-

erage value of 0.35. It is evident from the KI evaluation that 

all the waters are deemed suitable for irrigation practices (KI 

˂ 1) (Table 5). 

The range of MAR values is from 12.66 to 46.49, with an 

average value of 36.10. It is evident that, in accordance with 

the water classification for MAR, the water can be regarded 

as being suitable for irrigation (˂ 50). An elevated magne-

sium concentration has been demonstrated to augment the 

alkalinity of the soil, thereby impeding its capacity for infil-

tration [118-120]. 

The PS values range from 0.43 to 4.38 with a mean value 

of 1.27. According to the classification proposed by [121], 

the water samples were found to belong to the excellent to 

good category in relation to irrigation (Table 5). 

Table 5. Water suitability based on different water quality index. 

Parameters Range Class N° of sample Percentage of sample 

Na% 

˂200 Maximum allowable limit 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

>200 Above allowable limit   

    

SAR (Sodium 

Adsorption 

Ratio) 

˂20 Excellent 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

20-40 Good   

40-60 Permissible   

60-80 Doubtful   

>80 Unsuitable   

    

TDS (mg/l) ˂ 450 Excellent 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 
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Parameters Range Class N° of sample Percentage of sample 

450-2000 Moderate   

KR ˂ 1 Safe 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

 > 1 Unsafe   

MAR (%) 
˂ 50 Safe 

MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

> 50 Unsafe   

PS (meq/L) 

˂ 5 Excellent to good 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

5-10 Good to injurious   

> 10 Injurious to unsatisfactory   

RSC (meq/L) 

˂ 1.25 Good 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

1.25-2.5 Doubtful   

> 2.5 Unsuitable   

CAI-1 
˂ 0 Class-I 

MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

> 0 Class-II   

CAI-2 

˂ 0 Class-I 
MBW1. MBW2. MBW3. MBW4. MBW5. 

MBW6. MBW7. MBSP. MBS1. MBS2 
100.0% 

> 0 Class-II   

 

4. Conclusion 

The commune of Mbankomo is situated in the Centre Re-

gion of Cameroon between 11°13’ and 11°39’east longitude 

and 3°37’ and 3°57’ north latitude. Due to population growth, 

uncontrolled urbanization and the lack of an adequate water 

supply system, the area's water resources are under signifi-

cant stress. The mean objective of this work was to provide a 

comprehensive evaluation of water quality, highlighting the 

implications for sustainable water management practices. In 

light of the results obtained, water resources of the study area 

is acid (pH>7) for human consumption. The mineralization 

levels in surface water range from low to medium, while 

groundwater exhibits extremely weak mineralization. Piper 

diagram illustrates only one facies: Ca-Mg-Cl-SO4 which 

exhibit anthropogenic effect on water. Water in the research 

area acquires mineralization through a variety of natural ge-

ochemical processes, such as weathering, dissolution, ion 

exchange processes, and human activity. The order of abun-

dance of cations and anions concentrations is as follow 

Ca2+ >Na+ > K+ >Mg2+ > NH4+ and SO42- > NO3- > Cl- > 

HCO3- > F- > PO43-. 

 The combination of percentage of pollution index and 

percentage of agriculture index indicates that the study area is 

influenced by agriculture, urban pollution, and the atmos-

phere, with implications for the suitable use of untreated water. 

The classification of the waters from the salinity diagram 

indicate low salinity and low sodium water. Henceforth, 

these water are suitable for irrigation for almost all types of 

crops with a possibility of limited sodium hazards. It is now 

urgent for decision-makers to implement protocols for the 

protection and treatment of water resources of de study area 

which are subject to agricultural pollution. As a perspective, 

it will be intended to increase the sample size to cover the 

entire study area and reinforce the results obtained here. 

Furthermore, an isotopic study will be carried out in order to 

better understand the origin of the mineralization of the wa-

ter. 

Abbreviations 

TDS Total Dissolved Solid 

WQI Water Quality Index 

pH Potential of Hydrogen 

EC Electrical Conductivity 

EDTA Ethylene Diamine Tetraacetic Acid 

HPLC High Performance Liquid Chromatography 
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SAR Sodium Absorption Ratio 

KR Kelly Ratio 

SSP Soluble Sodium Percentage 

RSC Residual Sodium Carbonate 

MAR Magnesium Absorption Ratio 

PS Potential Salinity 

WHO World Health Organization 

CAI Chloro-alkaline Index 
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