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Abstract: Groundwater quality is a function of the enclosing aquifer materials and/or human influences. Therefore, frequent
water quality surveillance is essential as the subsurface resource is a main source of water supply in Santchou, Cameroon
Western Highlands. In order to carry out the inquiries, 24 groundwater samples were collected during the wet period (July
2020) as well as during the dry season (February 2021) from springs, a borehole and hand-dug wells. The water samples were
tested in the field for pH, electrical conductivity and turbidity, while two separate water samples were obtained from each
sampling point for chemical and bacteriological parameters in the laboratory. The main results revealed that the studied
groundwater samples are weakly mineralised, with a slightly acidic pH. The major ionic constituents of the sampled sources
were within acceptable limits prescribed by the World Health Organisation except for Mg®" and CI” that were noted in excess of
the recommended values at some sites. Piper plot indicated that the water is essentially of Na-K-CI-SO, type while the Gibbs
diagram showed that hydrochemistry was predominantly due to rock-weathering. SAR (sodium absorption ratio) values, Na %
(sodium percentage) and TH (total hardness) revealed that the water is suitable for irrigational practices. Microbiological
pollutants such as Enterobacteria, E. coli, Streptococcus spp, Salmonella spp, Shigella spp, Vibrio spp and Staphylococcus spp
were noticed in the water samples, and hence consumers’ health may be compromised if basic treatment methods like boiling
and filtration are not performed before the water is used for drinking.
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regard, World Health Organization [2] accentuated on safe
drinking water as a fundamental right to all humans since
contaminated drinking water may lead to diseases like cholera,
diarrhea, dysentery and poliomyelitis. As such, groundwater,

1. Introduction

World-wide accessibility to substantial amount and status of
potable water remains influential to life quality [1]. In this



American Journal of Environmental Protection 2022; 11(3): 62-73 63

often perceived in many communities as a reliable source of
provision for irrigation as well as industries, is increasingly
being withdrawn to meet up the demands [3-5]. Groundwater
quality is influenced by geology, atmospheric inputs, bank
infiltration and hydrogeochemical processes within the aquifer
system and also various anthropogenic activities [6-9].
Naturally occurring groundwater however, usually contains
acceptable concentrations of metals that are vital for the human
body and which, in high quantities, can cause deleterious
effects to humans [10]. The Earth comprises about 37 million
km’ of freshwater, of which nearly 22% is found in the
subsurface, constituting practically 97% of freshwater
potentially available for human usage [11].

As a result of urban expansion, industrial development and
agricultural intensification, the quality of the subsurface
resource has been compromised due to inadequate waste
disposal and treatment facilities [12, 13]. Thus, increasing
water demand for various usages (such as irrigation,
transportation, waste disposal) equally contributes to
contaminating existing water sources greatly [14-16].

Vetrimurugan et al. [10] has lamented on the fact that the
subsurface resource is pumped from private wells in several
parts of developing countries, and directly used for domestic
purposes, including drinking, which could result in serious
health challenges. Disproportionately, sub-Saharan Africa
contributes to approximately 50% of the population that lacks
access to improved drinking water sources [17]. Besides,
rural areas of Cameroon are not indifferent from this practice,
thus it is essential to continuously evaluate the status of the
subsurface resource so as to ensure adequate provision of
potable water. In fact, in most urban fringes of Cameroon,
the major challenge is not inadequate quantity of the resource
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but rather the status of accessible freshwater [18, 19], the non
extension of existing water production facilities and lack of
spare parts to replace obsolete devices [20].

These challenges have therefore propelled many peri-
urban inhabitants to rely principally on groundwater for
various applications. It is therefore against this background
that this study was designed to appraise the status of the
subsurface resource in Santchou because the inhabitants use
well, borehole and spring waters for domestic purposes. In
addition, lack of groundwater quality data on this area
warrants the necessity of this research. This study will
therefore serve as a benchmark for other researchers in the
area.

2. Materials and Methods
2.1. Study Area Description

The area of study is found in Santchou, Menoua Division,
West Region of Cameroon. It covers a total surface of about
350 km” and is found between latitudes 5°12'5" — 5°20'0"N
and longitudes 9°50'10"— 10°9'0" E (Figure 1). The study
area is characterized by an equatorial climate of Guinea
type, marked by alternating wet period (April to October)
and dry period (November to March) [21, 22]. Rainfall
patterns are more or less irregular as there is a decline in
rainy days, with an average annual precipitation of
approximately 2648 mm [23]. The temperature fluctuates
between 22°C and 24.8°C. The relief is much diversified
and characterized by numerous mountains, the highest point
being at Mount Manengouba (about 2268 m) and a vast
plain at an elevation of about 1250 m.
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Figure 1. Location map of the study area, indicating groundwater sampling points.
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The drainage of Santchou is a function of its relief, with
the main river, the meandering River Nkam flowing through
the town and depositing lots of materials which is evident
from sand mining. Other streams and rivers that drain the
area include River Alouno, River Metché and River Alouo,
which join River Nkam to form a dendritic pattern. Flash
floods are a common phenomenon in the town [24]. The
fertile volcanic soils of the study area are gradually evolving
into ferralsols due to continuous cultivation. The low-lying
areas are characterized by hydromorphic soils due to poor
drainage conditions [24]. The primary vegetation is both
savannah and forest that has been cut down to obtain space
for habitation and agriculture due to rich potentials of the
volcanic soils.

Geologically, the study area forms part of Mount
Manengouba which is about 2268 m, and is one of the major
features of the Cameroon Volcanic Line (CVL) that is
composed of a chain of highlands made of two
stratovolcanoes that has suffered from a double subsidence
and subsequently led to the development of two calderas:
Eboga and Elengoum [25, 26]. Previous studies by Sato et al.
[27] have revealed that the Manengouba Mountain is a
polygenic volcano with characteristics of Ocean Island
Basalts (OIB). Similarly, studies on the geochemistry of
basaltic lavas from the Manengouba Mountain [28] have
shown that the lava contains sodic and alkaline tendencies.

2.2. Methods

Groundwater samples were collected from wells, borehole
and springs for analyses. Sampling was carried out during the
dry season (February) and the rainy season (July). The
sampling points were selected on the basis of the residents
that depend on the water sources for drinking and domestic
use. Representative samples were collected from 6 different
points (3 wells, 1 borehole and 2 springs) in 1 litre polythene
bottles. The samples were obtained as per the directives of
APHA [29]. Two samples were collected at each sampling
point for physico—chemical and bacteriological analyses. In
situ  measurement of physico-chemical parameters was
performed in the field using a PCS tester 35 instrument.

Total dissolved solids (TDS) in the water samples were
obtained according to equation (1) of Lloyd and Heathcote
[30]:

TDS mg/l = EC (uS/cm)* 0.64. (1)

After collection, the samples were immediately transported
in a cooler box to the laboratory of Soil and Environmental
Chemistry of the University of Dschang (Cameroon) while
the microbiological characteristics were determined in the
Laboratory of Animal Physiology and Microbiology of the
same university.

2.2.1. Physico-Chemical Properties

Water physical properties like pH, EC and turbidity were
determined in the field using a multi parameter probe. Water
chemical parameters were determined at the Faculty of

Agronomy and Agricultural Sciences (FASA) of the
University of Dschang, Cameroon. Major ions of sodium,
potassium, calcium, magnesium, chloride, bicarbonate,
sulphate and nitrate were determined using standard
techniques that have been approved by the American Public
Health Association [29]. The following laboratory techniques
were employed; flame photometry method for Na* and K,
colorimetry method for Ca®* and Mg*" [31]. Volumetric
methods were employed in the determination of the
bicarbonate (HCO5"), chloride (CI) and sulphate (SO,”)
while nitrate ions were determined with the use of the
colorimetric method.

Total hardness (TH) as CaCO; was determined following
equation 2 of Todd [32].

TH =2.5 Ca+ 4.1 Mg 2)

2.2.2. Bacteriological Analysis

Subsurface water samples, obtained during the dry and
rainy periods were as well subjected to investigation of
bacteria indicator of pollution such as Enterobacteria, E. coli,
Streptococcus, Salmonella, Shigella, Staphylococcus, Vibrio
and total coliform in the membrane filtration procedure [29].
In the membrane filtration method, to 1 ml of the sampled
water was added 9 ml of distilled water and each sample was
diluted thrice. In order to impede interferences, the
membrane was laid on a sterilized Wheaton Filtration funnel.
Several diluted water samples were then prepared so as to
obtain the required range of colonies. The prepared filter
plates were then incubated at 44°C for E. coli and total
coliform, 35°C for Streptococcus and faecal coliform [31].

To determine the suitability of the studied groundwater for
irrigational use equations 3 and 4 were employed to compute
for the values of Na% and SAR [33].

Sodium percentage (Na %) = —C‘Hz;:aw x 100 (3)
. . . Na
Sodium adsorption ratio (SAR) = ——=+x 100 (4)
‘/(Ca+Mg)/2

3. Results and Discussion
3.1. Physical Properties

The summary statistics of the studied groundwater samples
is presented in Table 1. The pH levels of the groundwater
samples oscillated between 6.1 and 6.6 with an average value
of 6.32 and a standard deviation of 0.17 in the wet period,
and between 5.5 and 7.0 with an average value of 6.07 and a
standard deviation of 0.67 in the dry period. Just sampling
site SSW2 recorded pH values (6.6 and 6.9) which were
within recommended limits of the WHO during the study
period. The rest of the sampling points presented pH values
that were out of the WHO permissible limits. The pH
variations of groundwater are probably associated with the
lithology of the aquifer system as well as hydrogeochemical
processes operating in the aquifer [34, 35]. The action of
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microorganisms, the proximity of latrines and other
anthropogenic factors may also influence the pH of water
[36]. The pH levels corroborated with values documented in
Melong by Mufur et al. [13] and in Bamenda by Akoanung et
al. [4] but were very low compared to those obtained by
Ketchemen-Tandia et al. [37] in Douala (Littoral Cameroon)
and Mukhopadhyay et al. [38] in West Bengal. Electrical
Conductivity values for all the water samples ranged from
0.05 to 0.25 during the rainy period whereas during the dry
period it varied between 0.08 and 0.38 puS/cm. The highest
EC values of 0.38 uS/cm was noted at SSW2 during the dry
season and the lowest (0.05 pS/cm) was recorded during the
rainy period. The low mineralization of the sampled water
clinches with studies by Mufur et al. [13] and Temgoua et al.
[39] who equally observed low EC values in hand-dug wells
and borehole water in Melong and Dschang (West
Cameroon), respectively. The values obtained during the
study period are far below the recommended limit of 1000
puS/cm [2]. This is an indication that the groundwater is fresh
and is a reflection of the total amount of dissolved substance
in the studied water [11, 40]. On the contrary, EC values as
high as 1646 uS/cm and 2326.83 uS/cm have been reported
in the works of Ketchemen-Tandia et al. [37], Ahada and
Suthar [41] and Akakuru et al. [42].

Turbidity values of the water samples oscillated between
0.9 and 56.2 NTU in the wet period and 0.9 and 13.1 NTU in
the dry period. The lowest turbidity values of 0.9 NTU and
1.4 NTU were recorded at SSW1 for both wet and dry
periods, and the highest (56.2 and 13.1 NTU) were recorded
at SBH during the wet and dry seasons respectively. Elevated
turbidity values above the recommended limits of the WHO
were measured at SBH (56.2 and 13.1 NTU), SSW1 (7.5
NTU) and SSW2 (21.6 NTU).

The TDS loads (mg/L) in the studied water oscillated
between 0.03 and 0.16 (average of 0.08) in the wet period
and 0.05 and 0.24 (average of 0.09) in the dry season. These
values are far lower than the WHO recommended values for
drinking water of 500 mg/L [2]. The TDS gives an overall
idea on dissolved salts in water [43]. TDS values up to 65.1
mg/L have been measured by Akakuru et al. [42] in
Southeastern Nigeria.

3.2. Chemical Properties

3.2.1. Concentrations of Major Cations

The major ion concentrations of the studied groundwater
sources are illustrated in Figure 2 (rainy season) and Figure 3
(dry season).

(i). Na* and K*

The Na™ concentrations (mg/L) of the sampled water
oscillated from 0.05 to 0.08 with a mean value of 0.06 and a
standard deviation of 0.01 in the rainy period whereas during
the dry period, Na" oscillated from 0.03 to 0.21 with a mean
value of 0.08 and a standard deviation of 0.85. The measured
values are within the desirable limits of 200 mg/L
recommended by the WHO [2]. Studies carried out by
Mohsin et al. [44] have shown that low sodium quantity in

water may negatively affect the health of consumers while
sufficient quantity of sodium in the human body may prevent
many fatal diseases like kidney damage, hypertension and
headache. Potassium levels (mg/L) in the studied water
samples ranged from 32.55 to 246.5 with an average of 88.81
and a standard deviation of 80.18 in the rainy period
meanwhile during the dry period it fluctuated from 0.0 to
256.6 with a mean value of 113.53 and a standard deviation
of 105.93. High levels exceeding the WHO limits of 20 mg/L
occurred at all the sampling sites except for SWW2 (0.0
mg/L) in the dry season. The probable origin of K' in
subsurface water has been reported by Mohsin et al [44] as
coming from the disintegration of silicate minerals like
orthoclase, microcline, albite and muscovite and may also be
associated with wrongful application of fertilizers and
improper sewage disposal [41]. It is worth mentioning that
the results obtained in this study are similar to studies by
earlier researchers along the CVL such as Temgoua et al. [39]
in Dschang; Akoanung et al. [4] in Bamenda and Mufur et al.
[13] in Melong.

(ii). Ca**and Mgz *

Calcium loads (mg/L) ranged from 7.2 to 32 with a mean
value of 20.13 and a standard deviation of 9.86 in the wet
period and 8.2 to 34 with an average of 21.8 and a standard
deviation of 10.40 in the dry period. The concentrations of
Ca®" in wells were high compared to the borehole and spring
water samples although the values were far below the
recommended values of 75 mg/l for drinking water by the
WHO. This is in accordance with the work of Nkansah et al.
[45] who observed low concentrations of calcium in similar
groundwater samples (wells, boreholes and springs)
analysed. It has been shown that calcium insufficiency in the
human body would lead to rickets, reduced blood clotting
and weak bones.

Magnesium (Mg2+) concentrations (mg/L) on the other
hand fluctuated from 6.31 to 16.01 with a mean value of 9.70
and a standard deviation of 3.39 in the rainy period whereas
dry period values fluctuated from 68.9 to 262.5 with a mean
value of 132.63 and a standard deviation of 67.96.
Magnesium concentration during the study period exceeded
the recommended limits of the WHO of 200 mg/L at SWW2
(262.5 mg/L). The results obtained in this current study are in
conformity with the findings of Ako et al. [46]. The WHO
[47] had articulated that insufficient magnesium in humans
may lead to some health effects like decrease insulin
sensitivity, hypertension, coronary heart disease and
metabolic syndrome. Total hardness of the studied water
varied from 43.81 to 113.8 with an average of 90.12 in the
rainy season and 363.49 to 1161.25 with an average of 598.3
in the dry season.

3.2.2. Major Anion Concentrations

Bicarbonate levels (mg/L) varied from 26 to 60 with a mean
value of 43.66 and a standard deviation of 12.48 during the
wet period whereas during in the dry period it fluctuated from
32 to 64 with an average value of 45.33 and a standard
deviation of 12.11 (Table 1). Concentrations measured during
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the study period are in conformity with the permissible levels
recommended for water supply by the World Health
Organisation of 125 to 350 mg/L. Bicarbonate ions could stem
partially from the atmosphere and also through organic matter
oxidation, as well as plant and soil organisms’ respiration [48].
Chloride ion levels (mg/L) ranged from 63.9 to 259.2 with a
mean of 129.6 and a standard deviation of 67.89 in the wet
period and 68.9 to 262.5 with an average value of 132.63 and a
standard deviation of 67.96 in the dry season. During the study
period CI ions at some sites were registered in excess of the
maximum allowable concentration of 200 mg/L prescribed by
the World Health Organisation [47]. Studies have revealed that
CI' in water sources may stem from natural sources like salt
water encroachment, water-rock interactions and water from
precipitation while anthropogenic origin may include
fertilizers, industrial effluents, road salt, pollutants from
diverse sources and municipal landfills leachates [49]. Nitrate
concentrations (mg/L) varied from 0 to 24, having a mean of
1.03 and a standard deviation of 1.48 in the rainy season and 0

to 4.21 with an average of 1.50 and a standard deviation of
1.77 in the dry season. Nitrate concentrations measured during
the study period are lower than the WHO recommended limits
of 50 mg/L. Nitrate in subsurface water could result from
natural sources such as oxidation by nitrogenous bacteria and
play a central role to plant nourishment [50, 51]. Sulphate
concentration (mg/L) fluctuated from 96.76 to 275.5, having a
mean of 176.6 and a standard deviation of 77.35 in the rainy
season and 91.4 to 265.2 with a mean value of 184.63 and a
standard deviation of 64.62 in the dry season. Sulphate
concentrations were generally low in the sampled groundwater
and below the desirable limit of WHO of 250 mg/L except for
SSW1 (275.5 and 265.2 mg/L) during the rainy and dry period.
The concentration of the major anions measured in this study
are less than values obtained by Ahada and Suthar [41] in
Malwa region Punjab, India; Akakuru et al. [42] in
Southeastern Nigeria. lonic composition revealed low
mineralisation of the sampled sources, which is in line with the
study of Ako et al. [46] in the Banana Plain.

Table 1. Summary Statistics of physico-chemical variables of the sampled groundwater sources.

Rainy Season Dry Season WHO

Min Max Mean STDEV CV Min Max Mean STDEV (0)% guideline
pH 6.1 6.6 6.32 0.17 0.03 5.5 7 6.07 0.67 0.11 6.5-8.5
Turbidity 0.09 56.2 15 21.63 1.44 0.9 13.1 343 4.78 1.39 5
EC 0.05 0.25 0.13 0.09 1.02 0.08 0.38 0.14 0.12 0.84 1000
TDS 0.03 0.16 0.08 0.06 0.65 0.05 0.24 0.09 0.08 0.54
TH 43.89 113.8 90.12 26.72 0.3 27.29 92.82 47.47 23.35 0.49
Ca** 7.2 32 20.13 9.86 0.49 8.2 34 21.8 10.4 0.48 75
Mg2+ 6.31 16.01 9.7 3.39 0.35 68.9 262.5 132.63 67.96 0.51 200
Na* 0.05 0.08 0.06 0.01 0.22 0.03 0.21 0.08 0.07 0.85 200
K" 32.55 246.5 88.81 80.18 0.9 55.14 256.6 113.56 105.93 0.93 20
Cr 63.9 259.2 129.6 67.89 0.52 68.9 262.5 132.63 67.96 0.51 5
SO~ 96.76 275.5 176.6 77.35 0.44 91.4 265.2 184.63 64.62 0.35 250
HCO5 26 60 43.66 12.48 0.29 32 64 45.33 12.11 0.27 125-350
NO5 0 24 1.03 1.45 1.4 0 421 1.5 1.77 1.18 50
3.2.3. Major ions Concentrations Are in mg/L; Turbidity (NTU); EC (uS/cm)

Major cations Major anions
HCO-, 45.33
___NO3-,1.50
K+,113.56
Mg2+,132,6 _
3 S042-,184.63
Cl-,132.63
MNa+, 0.08
Caz+, 21.80
B+ @Na+ DCaZ+ OMg2+ OHCO- ONO3- B0 @5042

Figure 2. Average values of major ion concentrations in the studied water sources in Santchou in the rainy season, (major ion concentrations are in mg/L).
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Figure 3. Average values of major ion concentrations in the studied water sources in Santchou in the dry season, (major ion concentrations are in mg/L).

3.3. Bacteriological Quality

The results of various specific microbes in the water
samples are shown in (Table 2).

Enterobacteria was generally high in all samples and also
in all seasons with the highest value recorded during the dry
period (1200 CFU/100ml) at SSW1 than in the wet period
(80 CFU/100ml) at SWW2.

E. coli had higher values during the dry period (500
CFU/100ml) at SBH and SSW1 and lower during the wet
period (30 CFU/100ml) at SWW2. Elevated values of
Streptococcus spp were noted during the dry period (400
CFU/100ml) at SSW1 and low during the wet period (15
CFU/100ml) at SWW2. Higher values of Salmonella spp
were registered in the dry period (400 CFU/100ml) at
SSW1 than in the wet season (05 CFU/100ml) at SWW2.
Shigella spp was not seen at SSW2 in the wet season and
also at SSW2 and SWW3 in the dry season. The highest
value (50 CFU/100ml) was measured at SSW1 in the dry
period and (02 CFU/100ml) at SWW?2 in the rainy season.
Vibrio spp was absent in the rainy season at SWW?2 and in

the dry season at SWW2, SSW1, SSW2 and SWW3 but the
rainy season had a higher value (150 CFU/100ml) at SSW1
than the dry season (20 CFU/100ml). Staphylococcus spp
value was higher (300 CFU/100ml) at SSW1 in the dry
season than (80 CFU/100ml) at SWW3 in the rainy season.

All bacteria species were present in all the samples except
Shigella spp and Vibrio spp that were absent in some samples
in both the rainy and dry seasons. Enterobacteria had the
highest counts of 1200 CFU/100ml at SSW1 in the dry
season. The dry season in general had the highest bacteria
counts than the rainy season except for Vibrio spp that had a
higher value (150 CFU/100ml) in the rainy season at SSW1
than the dry season (20 CFU/100ml).

The results of bacteriological analysis of the studied
groundwater revealed that the sampling point SSW1 has the
highest concentrations for almost all bacteria species during
the dry period and SWW2 has the lowest during the rainy
period. This implies that SSW1 is the most contaminated
sampling point which could probably result from
unsustainable practices around the source and their proximity
to pit latrines and septic tanks.

Table 2. Specific microbes isolated in the studied water samples during the wet and dry periods (CFU/100ml).

Sampt oints RAINY SEASON DRY SEASON
Baterial SWWI1  SSWi1 SWW2  SSwW2 SWW3 SBH SWWI1 SSW1 SWW2  SSw2 SWW3 SBH
Enterobacteria 260 500 80 600 230 400 100 1200 700 200 300 950
E. coli 90 100 30 300 150 100 40 500 150 20 60 500
Streptococcus spp 40 200 15 150 75 60 20 400 50 00 60 350
Salmonella spp 150 175 05 150 100 30 20 400 03 15 200 300
Shigellaspp 10 30 02 00 05 10 03 50 01 00 00 40
Vibriospp 22 150 00 03 30 02 00 20 00 00 00 50
Staphylococcus spp 200 250 100 150 80 150 40 300 240 30 20 250
Table 3. Pearson Correlation Matrix of the studied Santchou groundwater.

EC TDS  Tur pH K* Na* TH Ca®® Mg HCO; NO;y NH, Cr S0,  POS-
EC 1
TDS 0.88 1.00
Tur -0.36 -0.33 1.00
pH -0.55 -0.51 0.65 1.00
K 0.98 0.87 -0.46 -0.59 1.00
Na* 0.51 0.83 -0.48 -0.44 0.51 1.00
TH 0.05 0.51 -0.05 -0.05 0.03 0.83 1.00
Ca*t 0.79 0.94 -0.36 -0.43 0.83 0.77 0.51 1.00
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EC TDS  Tur pH K* Na* TH Ca®® Mg HCO; NO; NH, Cr S0,  PO.-
Mg -0.09 038 0.00 0.03 -0.11 076 0.99 0.37 1.00
HCO; -0.50  -0.61 0.2 0.31 043  -076  -046  -039  -043  1.00
NOs  0.65 0.27 -035 038  0.60 -0.07 -057  0.07 -0.62  -0.40 1.00
NH,” -052  -0.69 022 -0.02  -058 -059 -048 -086 -037 023 0.15 1.00
cr -0.10 037 -0.12  -0.07 -0.10  0.78 0.98 0.38 099  -0.45 -0.61  -035  1.00
SO 047 0.24 0.25 -045 039 -0.17  -037  0.04 -0.40  0.07 056 037  -044  1.00
PO -059  -075 -020  0.39 -0.57 -050 -046 -0.73  -037  0.06 0.08 045 031  -0.50  1.00

3.4. Correlation Matrix

Correlation has been shown to provide vital information on
associations and relationships between several
hydrogeochemical variables. From Table 3, elevated
correlation can be observed between EC and TDS (0.88), K*
(0.98), Ca** (0.79); between TDS and K* (0.87), Na* (0.83),
Ca®" (0.94); between K and Ca*" (0.83); between Na' and
TH (0.83), Ca** (0.77), Mg*" (0.76), CI" (0.78); between TH
and Mg*" (0.99), CI' (0.98), between Mg®" and CI" (0.99)
meanwhile moderate correlation is noted between CE and
Na“ (0.51), NO; (0.65); between TDS and TH (0.51);
between turbidity and pH (0.65), HCO;™ (0.52); K and Na"
(0.51); TH and Ca®*" (0.51); NO; and SO,> (0.56). Very
strong correlation amid ionic groups suggests that they stem
probably from a common provenance. Weak correlation
between ionic constituents may denote that mixing did not
occur between groundwater and salt water, an indication that

the studied groundwater is principally recharged from
freshwater systems [40]. Strong correlation observed
between TDS and K*, Na* and Ca®* may signify that TDS is
influenced by these ions [46].

3.5. Hydrogeochemical Facies

In order to have insight into the geochemical evolution of
the studied groundwater, Piper’s diagram [52] and Durov’s
plot [53] were plotted. The Piper diagram is useful in bringing
out the different hydrochemical facies found in an aquifer
system. Analytical data showed that cationic and anionic
species are in the order of K™ > Ca®" > Mg*" > Na" and SO,*
>CI>HCO;>NOj" respectively. This order is further affirmed
by Figure 4 in which most of the samples concentrated in the
Na-K-CI-SO,4 zones, except for one sample (SSW2) that
plotted in the Ca-Mg-CI1-SQ,, thus, depicting the dominance of
alkali metals over alkaline earth metals and strong acidic
anions (Cl+ SO,) over weak acid (COs;+ HCO;3).
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Figure 4. Piper diagram for Hydrochemical facies of the Santchou studied groundwater.

3.6. Durov Diagram

Similarly, Durov diagram [53] helps in interpreting the
evolutionary trends and furnishes additional understanding
about hydrogeochemical processes that occur within aquifer

systems, which may denote mingling of dissimilar water
types, substitution of ion and reverse ion exchange processes
[54]. The diagram is a fused plot comprising of two ternary
diagrams in which major cationic species (Na'+ K', Ca®",
Mg2+) are plotted against major anionic (CI, HCO;, SO/)
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sides to create a binary plot of major cations as opposed to
major anionic contents; extended form includes total
dissolved solids (mg/L) and pH data attached to the edges of
the binary plot to permit additional evaluations [55]. Durov
diagram was used to appraise the hydrogeochemical process
in the studied subsurface water (Figure 5). It can be observed
that most of the sampling points fell along the dissolution or

100% S0,
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mixing and ion exchange fields of Durov’s diagram. This
trend could be accredited to freshly recharged water
displaying simple dissolution or mixing without any
predominant major anionic or cationic species [30]. It can be
noticed that rock weathering and the process of ion exchange
are the main mechanisms influencing the chemistry of the
sampled groundwater.
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Figure 5. Durov diagrams of Santchou groundwater.

3.7. Control Mechanisms of Groundwater Chemistry

Investigating the control on groundwater chemistry,
Gibbs’s plot [56] was employed. Figure 6 illustrates a
clustering out of the major ions in the rock weathering
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field, which implies that chemical decay of minerals is the
dominant process that determines the hydrochemistry of
the sampled groundwater during the study period.
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Figure 6. Gibb s plot indicating rock weathering as the major process regulating the chemistry of the studied sources: (a) Wet season, (b) dry season.

3.8. Suitability Assessment of the Studied Under
Groundwater for Drinking Purpose

The analysed subsurface water samples were evaluated to

determine their fitness for water supply in comparison with
World Health Organisation [47] guidelines for drinking water
standards. Physicochemical properties of the samples were
within acceptable limits apart from pH that fluctuated from
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6.1 to 6.6 with a mean of 6.32 and from 5.5 to 7.0 with an
average of 6.06 in the rainy and dry periods respectively and
thus slightly acidic. Bacteriologically, bacteria indicators of
pollution were registered at all the sampling sites which
suggest that the studied subsurface water does not conform to
norms for domestic purposes.

3.9. Assessment of the Studied Water Sources for
Irrigational Practices

Classifying water quality for irrigation is paramount
because poor status of water may obliterate the soil structure,
closing up soil pores which may in turn retard the flow of
water into the subsurface, thus, crusting the soil which may
be associated with negative consequences on the plant
growth [51, 57]. The suitability of the studied groundwater
sources for irrigational practices was performed using
sodium adsorption ratio (SAR), sodium percentage (Na %),
electrical conductivity (EC) and total hardness (TH). SAR
values in mg/L of the studied water varied from 1.77 to 2.72
with a mean of 2.19 in the wet period and from 0.81 to 1.59
with an average of 0.98 in the dry season. The sampled
sources can be categorised as being of excellent quality when
intended for irrigational use [38]. The SAR values in this
study were lower at some sites than values obtained by
Mukhopadbyay et al. [38] who registered SAR values as high
as 12.22 mg/L in West Bengal.

Elevated concentrations of Na % in water may unite with
carbonates to create alkaline soils. Equally, when surplus Na"
combines with CI, saline soils result which have the
tendency of reducing soil permeability [38]. In this study all
the sampling sites registered Na % between 45.39 to 76.20%
with an average of 56.97% in the rainy season and are thus

considered as permissible for irrigational practices. In the dry
period, Na % fluctuated from 0.02 to 47.42% with an average
of 18.27% (Table 4). Thus 33.33% of the study sites are good
while 66.67% are of excellent quality regarding water status
for irrigational purpose.

Table 4. Classification of irrigational water based on Na % [58].

. Status of % of sample in the % of sample in

Sodium % . q
water rainy season the rainy season

<20 Excellent 16.67
20-40 Good - 50
40-60 Permissible 16.67 16.67
60-80 Doubtful 66.67 16.67
>80 Unsuitable 16.67 -

High EC values of irrigation water have the tendency of
lowering the soil’s osmotic pressure thereby reducing the
general assimilation of nutriments by crops which may result
in stunted growth [59]. EC values in mg/L of the studied
water varied between 0.05 to 0.25 with a mean of 0.13 in the
wet period and from 0.08 to 0.38 with a mean of 0.14 in the
dry period which is within permissible limits and will not
cause salinity hazards in the area.

Total hardness (TH) (mg/L) of the studied groundwater
samples varied between 43.89 and 113.80 with a mean of
90.12 in the rainy season and from 27.29 to 92.82 with a
mean of 47.47 in the dry season. Analytical results indicated
that 33.33% of the sampled water sources being soft and
66.67% was moderately hard during the wet season.
Whereas, during the dry period, 83.33% of the samples were
soft and 16.67% was moderately hard. Thus, the analysed
samples are soft to moderately hard (Table 5) and thereby,
would not affect an irrigated crop land. Similar results have
been documented by Magha et al. [17] in Northern Bamenda.

Table 5. Hardness classification of the Santchou studied groundwater according to Sawyer. and McCarty [60].

. . Rainy season Dry season
Hardness Classification No of samples % of samples No of samples % of samples
0-75 Soft 2 33.33 5 83.33
75 - 150 Moderately hard 4 66.67 1 16.67
150 — 300 Hard 0 0 0 0
> 300 Very hard 0 0 0

4. Conclusion

This present study set out to scrutinize the status of
subsurface water for domestic water supply and irrigational
uses in Santchou as it is a prominent water source in the area.
Thus, physicochemical and bacteriological characteristics of
the water were assessed. Analytical results revealed that the
groundwater is suitable physicochemically as most ionic
concentrations were below the WHO acceptable limits except
for pH that was slightly acidic in both seasons. On the other
hand, the sampled water sources were not suitable
bacteriologically as indicator bacteria of pollution were
registered in all the analysed samples, implying that the
studied water sources are not suitable with respect to
bacteriological affinities. The values of SAR, Na %, EC and

TH denoted that the studied sources are suitable for irrigational
practices. Piper plot revealed that the groundwater in Santchou
is of Na-K-CI-SO, types and the Gibbs diagram revealed that
the main mechanism responsible for groundwater chemistry is
rock weathering. Sufficient quantity of potable water cannot be
ensured without protection of water sources. Therefore, efforts
should be made to protect the groundwater sources against
man-made pollution of various forms.
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