Discover Water

@ Discover

Research

Hydrogeochemical characterization of ground and surface water
in the eastern part of the Adamawa-Yade domain, Bertoua-Cameroon

Agbor Nelson Menti' - Egome Regina Wotany' - Agyingi Christopher’ - Menjo Jude Wirmvem? - Nfor Jude Ngai?

Received: 9 February 2023 / Accepted: 2 June 2023
Published online: 13 July 2023
© The Author(s) 2023 OPEN

Abstract

Groundwater and surface water are major sources of water supply to the inhabitants of Bertoua. Hydrogeochemical study
conducted in the study area aimed at identifying the processes that control the chemistry of groundwater sources and
to examine the quality of the water sources for domestic and agricultural purposes. Fifty water samples were collected
from boreholes, open wells, springs, and rivers within the study area in January 2022 (the dry season). The samples were
analyzed for physicochemical characteristics including pH, electrical conductivity (EC), total dissolved solids (TDS) and
major ions. The water samples were acidic with 94% of pH values less than 6.5. The EC varied from 21 to 776 uS/cm and
TDS (8.5-388 mg/I). The low EC and TDS indicate low mineralization and fresh water. The relative abundance of major ions
(meg/l) was Ca**> Mg?*> K*>Na* for cations and HCO;>CI‘>NO3‘>SO42‘ for anions. These major ions concentrations
were low and within the WHO guideline values for drinking water. From Piper diagram three water facies were observed,;
Ca-S0,, Ca-HCO; and mixed Ca-Mg-Cl. Rock-water interaction, ion exchange, silicate weathering and anthropogenic
activities were the processes responsible for the groundwater chemistry with some minor evaporative effects. Based
on Sodium Adsorption Ratio and Residual Sodium Bicarbonate all samples fall in the excellent category for agriculture.
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1 Introduction

The utilization of ground and surface water for drinking and agricultural purposes has increased drastically over the
years worldwide. Groundwater is under severe threat in developing countries, particularly because of huge population,
increasing urbanization, and lack of sustainable practices [1]. According to [2], Sub-Saharan Africa has the lowest water
supply coverage, with only 61% of its population having access to improved water supplies. It is estimated that 50% of
Africa’s population will be affected by water stress by 2025 [3]. Water quality issues such as nitrate, chloride, and sewage
contaminations have been noticed to pose a lot of health problems to humans [4-6] and a concern in many cities in
Cameroon as most of the population depends on ground and surface water resources with questionable qualities [7-9].

Water quality greatly depends on the composition of the recharge water, the interaction between water and soil, the
rocks which it comes in contact with in the unsaturated zone, the resident time and reactions that occur within the aquifer
[10]. Undesirable groundwater quality affects the economy and restrains the improvement in the living conditions of the
population. Consequently, it is essential for an orderly evaluation and observation of groundwater quality to look at its
suitability for drinking, and agricultural uses and adopt proper measures for it management [11-15].
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Recently groundwater resources are under severe stress because they are a major source of fresh water available to
humans and this issue is of worldwide concern. The ever-increasing rate of population growth and the inherent water
supply demand have led to intensive water exploitation of fresh water resources. Groundwater is of great importance
for domestic, drinking, irrigation, and industry purposes especially where the water resource is availability scarce [11];
especially in Africa where economic development and poverty reduction programmes drive the improvement of ground-
water assets [12].

Geochemical studies of surface and groundwater can provide a better understanding of the potential water quality
variations due to land use and the geology [10, 16].

Recent studies in Cameroon show that many semi-urban communities are water stressed, confronted with the issue
of lack of access and continuous availability of water supply for their day to day domestic and drinking water needs [17].
Sustainable groundwater management requires an adequate understanding of the complexity of natural and anthro-
pogenic processes and how they affect groundwater quality [18].

Studies on groundwater in most major cities in Cameroon include Nsimi, Yaoundé, Mundemba, Adamawa, Douala,
Bamenda [17-23] Works on the effects of mining activities on the environment in the East Region of Cameroon, indicates
that the soils and waters are polluted by heavy metals [14, 24, 25]. However, there is still paucity of research works on
groundwater geochemistry and anthropogenic effects on the water in Bertoua. The absence of such valuable informa-
tion that are needed for harnessing and management of water resources led to this research aimed at assessing the
physico-chemical characteristics and the processes that controls the water chemistry and quality for domestic and
agricultural purposes. The results from this research are useful towards the better development and management of
the water sources.

1.1 Location, climate and drainage

Bertoua is the capital of the Eastern Region of Cameroon and of the Lom and Djerem Division. It is located between lati-
tude 4.579195 and longitude 13.676796 (Fig. 1). It has a population of 100,462 inhabitants and is the conventional home
of the Gbaya people [26]. Hot humid equatorial climate with two rainy seasons (mid-March to mid —-June and mid-August
to mid-November) and two dry seasons (mid-November to mid-March and mid-June to mid-August). High temperatures
(average, 24.7 °C), rainfall (mean annual range, 1500-2000 mm) and humidity support the luxuriant vegetation cover
and enhance deep weathering of rocks and the formation of iron-rich, red ferallitic soils [27]. The area is drained by the
Lom River and its tributaries. Some of the lower order streams have no water flow during the dry season. During the wet
period, the stream discharge increases transporting most of the stream sediments within the catchment [14]. The study
area is covered mostly by shrubs and herbaceous savanna in the north and an evergreen forest in the south.

1.2 Geology

This area is located in the Adamawa-Yadé domain (AYD) or the Central Domain of the Pan African fold belt, which extends
east of the Tcholliré-Banyo shear area. The geology is mostly meta-volcanic rocks, meta-sedimentary rocks and intrusive
granites of the Lom series [28]. These formations are characterized by schist, micaschist, orthogneis, quartzites that are
croos-cut by Pan-African granitoids, conglomerates and post tectonic granites [25, 29]. The foliations have a NE-SW
steeply dipping orientations indicating a senestral and dextral shearing direction that is related to the central Cameroon
shear zone [21]. This basin is well known to host gold mineralization and other economically important mineral deposits
of granitic intrusion origin such as Mo, Pb and Bi. [26].

The AYD represents a Paleoproterozoic basement that changed into failed arm during the Pan-African orogeny. These
deformation phases have greatly influence the topography, which is of great influence on the chemistry of the aquifers
systems.

The area is covered with thick ferralitic soils with brown, reddish brown and brown colour. The soils are hydromorphic
in marshy areas, the upper part of the soil profile is dark in colour indicating the abundance of organic materials [22].
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Fig. 1 Location of study area a Inset map of Africa showing the Location of Cameroon b Map of Cameroon indicating the East Region ¢ Lom
and Djerem Division indicating where the study took place. Samples were collected around settlement areas

2 Methodology
2.1 Field measurements

Water samples were collected from 50 water sources in January 2022 (dry season). The sources comprised of 36 open
wells, 5 boreholes, 5 springs and 4 rivers. Garmin GPS was used to collect coordinates and altitude of the sampling
points. The measurements of physicochemical parameters; temperature EC, pH, and TDS was measured in situ using
a multipurpose H1991300 hand held HANNA meter due to their unstable nature to avoid unpredictable changes in
characteristics as per the standard procedures (APHA/AWWA, 1998). This meter was calibrated before usage with
buffer solutions as prescribed by the manufacturer.

At each sampling site, the water sample to be analyzed was collected using a plastic beaker after proper rinsing
(3 times with water to be sampled). At borehole sites the water was purged for about 5 min before sampling. Open
wells were sampled using buckets with a rope tied to its handle. Rivers were sampled as deep as possible along a
flow path. Springs were sampled at the point of release by the natural pressure.

All samples were placed in plastic bottles (50ml and 1500ml in two sets). These bottles were thoroughly rinsed
with the water samples to ensure that they were free from contaminants. The 50ml samples were sent to SHREE RAM
testing laboratory services India within two weeks for major ions analysis. The 1500ml samples were used to deter-
mine the total alkalinity as bicarbonate (HCO;™) measured within 8 h of sampling through titration using a volume of
0.02 M H,S0,. Alkalinity kit6 was used to measure the bicarbonate (HCO;"). The measurement was done by adding
drops of the acid to the samples. The drops of acid required to bring the pH of the sample to 4.5 and 4.3 is noted.
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The counts from the kit6 cartridge also noted. The alkalinity is then processed following methodology recommend
by the manufacturer.

2.2 Chemical analyses

Major cation: Na*, K*, Mg?*, and Ca?* were determined by flamed Technique in High resolution Continuum source AAS
(Contr AA 700) as prescribed in [15]. Samples with EC values > 100uS/cm were diluted 5 to 10 times to acquire an absorb-
ance within the range of the used standards Na*, K*, and Ca%*. Measurements of anaion: phosphate (PO42‘), sulphate
(5042‘), flouride (F7) and bromine (Br™) were determined by using an lon Chromatography (Dionex 1CS-900) while dis-
solved silica (Si(OH),), hereafter considered as SiO,, was determined by determined by ICP-AES. Both cation and anion
were analyzed following 1S:3025P-45 standards. These results were tested for reliability using an ionic balance error (IBE)
Eg. [6]. The values were within + 5%, hence suitable for geochemical interpretations.

2.3 Water quality index

Brown [30] Groundwater Quality Index was used in this work. This method of evaluating the quality of groundwater is
used worldwide because of its ability to express information on the quality of groundwater. It is one of the most effective
tools for the evaluation and management of groundwater quality [31].

WAQlI values are classified into five classes (i.e.) excellent, good, fair, poor, and unacceptable for human use [32].

2.4 Irrigational qualities of water

In order to determine the suitability of waters for irrigational purposes, the following parameters were evaluated.
The sodium absorption ratio (SAR) by [33]

Na*
SAR= —— (1)

v/ Ca*t + Mg+
Residual Sodium carbonate(RSC) by [34]
RSC = (CO; + HCO; + Ca** + Mg**) )

In order to determine the anthropogenic input in the groundwater, the CI7/Br™ ratio was used. This ratio is use to iden-
tify the sources of groundwater like Urban waste water, agricultural pollutant, leaching and septic tank effluent [3, 35, 36].

3 Results and discussions
3.1 Physico-chemical characteristics of water sources

The temperature of water ranged from 23.6 to 31.90 C giving a mean temperature of 26.30 C. The pH ranged from
4.71 to 7.12 with an average of 5.49 indicating an acidic aquifer system. 94% of the samples had pH < 6.5. As pointed
by [10], the consumption of carbonic acid during the dissolution of silicate minerals results in increased alkalinity
and lower pH values. This result is similar to those obtained in crystalline environments in humid tropical climates
(pH between 3.5 and 5.6) where surface material (laterite) is depleted in basic cations and recharged by rainwater [3,
35, 36]. This indicates that the oxidation of certain minerals (pyrite) and production of CO, in the surface soil cover
under the action of biological activities can be a source of water acidity in the environment [3, 10, 37].
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The TDS ranged from 8.5 to 388 mg/l with a mean value of 76.47 mg/I. The samples are classified as fresh water
(TDS < 1000 mg/l). The Electrical conductivity values varied from 21 to 776 pS/sm with a mean value of 157.7uS/
cm, indicating low mineralization of water sources. Similar results were obtained by [18] in hard rock aquifers of
Yaounde but differ from the works of [14] and other researchers that had worked in most water systems in woody
areas (without impact of mining ) in southern Cameroon where water flow in plutono-metamorphic basement [37,
38] and other residual aquifers in Africa (37.3-75.1uS/cm) [39, 40].

The concentration of HCO;™ vary from 0 to 147 mg/l with an average of 16.98 mg/I. Two possible mechanisms can
be suggested for the concentration of HCO;™ in water; high partial pressure of CO, (pCO,) relating to the anthropo-
genic organic matter [37] or alteration of silicate minerals. The correlation of HCO;~ with Mg?* and no correlation
between HCO; with Ca**, (Fig. 1) and the absence of carbonate lithologies further suggest the predominance of
weathering by organic acids to the detriment of carbonic acid [39].

The nitrate concentrations ranged from 0 to 12.9 mg/I (Table 1). All the samples have values below the WHO 2017
limit of nitrate in groundwater [40]. Anthropogenic activities were noted to be the main source of nitrate in areas of
high population densities. High Nitrate concentration in drinking water is noted to be the cause of some diseases
for children [17].

The abundance (mg/l) of cation in the waters is in the following order: Mg?*>Ca?*>Na*>K* and for anions bicar-
bonate is the dominant anion, followed by chloride and sulfate. Their concentrations were distributed as follows
HCO;™> NO; > Cl- >S0%~ .

Major ions concentrations were greater in groundwater samples than surface waters. Such observations depicts
that groundwater has a longer residence time than surface water [41].

3.2 Hydrogeochemical facies

The hydrogeochemical processes that are often responsible for the composition of water were analyzed using the
relationship that exit between dissolve species and their content. For the analysis of geochemical evolution of
groundwater, the concentrations of the cations and anions where plotted on a Piper diagram [42]. The differences
and similarities in composition of waters and their classifications have been widely studied and classified them into
water types using the Piper diagram. A typical classification of hydrogeochemical facies for groundwater is presented
in (Fig. 2). Three facies types were identified: Ca-SO,, Ca-HCO; and Ca-Mg-Cl Bon et al. [18] reported similar results
in hardrock aquifers of Yaounde.

Table 1 . Statistic.al summary Parameter WHO (2017) Study Area Samples

of physicochemical ' Water Quality — _

parameters of water quality Acceptable Minimum Maximum Mean

and Compliance with WHO Range

standard
pH(On Scale) 6.5-8.5 4.71 7.12 5.49
EC (ps/cm) - 21 776 145.57
TDS (mg/1) 500 8.5 388 9247
Tempt(09) 6-20 236 31.9 26.26
HCO;(mg/l) - 0 147 19.53
Cl(mg/Il) 250 0 326 10.04
SO,(mg/l) 250 0 2013 44.39
NO5(mg/I) 45 0 12.9 5.06
TH (mg/I) 100 13.68 15242 69.29
Ca(mg/l) 75 1.61 43.1 13.1
Mg(mg/l) 50 0 454.46 8.91
Na(mg/I) 200 0.23 18.9 2.72
K(mg/1) 12 0.37 15.2 475
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Fig.2 Piper diagram showing the water types with proportions in Bertoua

3.3 Sources of solute

lon exchange reactions were assessed by calculating the Chloro-Alkaline Indices (CAl). Two Chloro-Alkaline Indices
CAIl 1 and CAI 2 were used for the interpretation of ion exchange between groundwater and host environment. Equa-
tion 3 and 4 express the CAl with concentration in meq/L.

ClI~ + (Na* +K™)
Cl-

CAI = (3)

Cl~ + (Na* +K*)

CAIl =
SO; + HCO; + CO; + NO;

(4)

A positive Chloro-Alkaline Indices indicate exchange of Na* and K* from the water with Mg?*. The CAl is negative
when there is an exchange of Mg?* and Ca?* of the water with Na* and K* of the rocks. A majority of the samples
have negative indices indicating exchange of Mg?* and Ca?* with Na* and K* in the groundwater [43, 44]. Some also
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Table 2 Groundwater physicochemical parameter correlation matrix of the study area
Na®  K* Ca?*  Mg?* NH,t HCO,- NO,~ SO,2 Cd~ F Br S0, TDS EC pH  Temp
Na* 1
K* -0.12 1
Ca** -008 0.85 1
Mg?* 050 0.4 0.12 1
NH4* -0.06 0.01 -0.18 -0.28 1
HCO;~  0.51 -0.06 -0.10 0.69 -0.06 1
NO;~ -0.04 035 0.54 0.01 -015 -0.14 1
502"4 -0.03 0.02 -0.11 037 0.03 0.40 -0.15 1
cL™ 0.04 0.76 0.87 0.12 -021 -004 058 -0.14 1
F~ 0.24 -0.10 -0.12 0.28 0.02 0.16 -0.07 0.18 -0.12 1
Br~ -0.08 0.27 0.24 -0.03 -003 -0.16 0.13 -0.09 0.13 -0.12 1
Sio, -0.23 0.20 0.18 0.01 0.13 -0.04 -0.04 044 0.11 -0.16 033 1
TDS 0.00 -0.04 -0.08 -0.11 041 -0.02 -0.07 0.08 -0.03 0.05 0.03 0.09 1
EC 0.00 0.17 0.09 -0.09 041 -0.06 -0.11 0.09 0.03 0.10 0.16 0.19 0.85 1
pH -0.18 0.01 0.08 -023 -0.04 -023 0.26 0.08 0.13 -0.07 006 0.07 -0.01 -0.01 1

Temp -0.13 -004 -005 -0.17 -006 -024 -035 -0.04 -0.16 007 000 001 -0.06 007 0.00 1

Bold values indicate highly correlated variables and show evidence of observed water composition
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had positive CAl which indicates the reverse process that is Na* and K* in the waters substituting Mg?" and Ca?" in
the rocks [45].

When the ratio is negative, it indicates that groundwater has been strongly in contact with minerals which are
able to yield interchangeable cation. This phenomenon of base exchanges is generally known with the alumino-
silicate clays formed by layers or sheets whose cohesion is ensured by the existence of interlayer cations and water.
The surfaces of the layers are negatively charged, thus promoting the possibility of cation exchange with those of
the groundwater [46].

The plot of Na* versus CI~ shows an excess of Na* (Fig. 3a) can only be explained by different origin of both ions
pointing to ion exchange as the process responsible for Na*. The molar ratio Na/Cl of approximately 1 is usually
associated to halite dissolution and > 1 is typically interpreted as reflecting Na™ release from silicate weathering [47,
48]. There is no correlation between Na +and SOZ‘ (Table 2) which may suggest another source for the addition of
Na* such as the dissolution of sodicsulphated minerals like thernadite (Na,SO,) [49]. This signifies that chloride might
have originated from anthropogenic sources and precipitation/evaporation.

The mechanism of silicate weathering can be understood by estimating the ratio between (Na*+ k*) and total cations.
Majority of the samples plots above the trend line (Na* + K*) =0.5TC (Fig. 3d) which signifies the weathering of silicate
minerals rich in Na* such as albite [49, 50]. The plot of (Ca®* + Mg?*) versus HCO;* + SO,>~ was used to determine ion
exchange processes (Fig. 3b). All the samples are above the line (Fig. 3b) indicating reverse cation exchange.

The Spearsman correlation coefficient was used to study the relationship among the various hydrogeochemical param-
eters. The correlation coefficient of r>0.5 and — 0.5 (Table 1) were considered as strongly positive correlation and weakly
negative correlation respectively. EC and TDS showed a very high to almost perfect correlation (0.85). This shows the
absence of less soluble charged elements in groundwater that contributes to the total dissolve solids [7]. The correlation
of Na*/Mg?* (0.50), K*/Ca** (0.85), Na*/HCO;™ (0.51), Mg**’HC0;7(0.69), Ca2*/NO;~ 0.54),K*/CI(0.76), and Ca**'CI~(0.87)
indicates the varied processes are responsible for the groundwater chemistry in the study area.

ClI”and NO;™ show a strong positive correlation (0.58) suggesting anthropogenic sources (domestic waste water, septic
tanks, effluent, pit latrines and animal waste) for these ions. The geogenic sources of chloride can also be attributed to
the weathering of chloride bearing minerals present such as amphiboles and biotite. To further investigate the anthro-
pogenic inputs of chloride, the CI7/Br™ ratio was used (Fig. 4). Bromide and chloride ions have been used extentively to
determine sources of contaminant in ground and surface water. Both ions move conservatively in water and have dif-
ferent abundances [50]. The CI7/Br~ ratio was analyzed for 38 samples because the concentrations of CI- and Br- in these
samples were greater than 1 mg/l. The bromide concentration varied from 2.29 mg/l in OW50 to 1442.01 mg/l in OW19.
The concentration of chloride ranged from 0 mg/ in OW48 to 1153.75 mg/l in RT26. It has observed that CI7/Br~ ratio

= 1) Dibterecharge GroundwaerDavisetal 2004) -

o ) Seplctaokoutfon > .

b 3)sewage efuent '
§ :: & Seg»vyat»er mixiAng e
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Fig.4 Relation between CI/Br and CI" of groundwater and surface water in Bertoua. From the binary mixing lines between dilute waters

and seawater, dilute water and septic-tank effluent and domestic sewage, most samples plot in the organic degradation zone with 12%
samples having anthropogenic inputs
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Table 3 Water quality index in

Range Categor Samples Rank Sample No. Percentage
the study area 9 gory P P 9
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above 400 were correlated with chemical sources associated to human activities such as sewage sludge, septic tanks
and higher nitrate concentrations [7]. The study indicates that Rt 26 has highest CI™/Br™ ratio. The low velocity of the river
and it usuage for domestic washing may be the main source of CI” and NO™ ;. This study shows that 12% of the samples
have CI7/Br™ ratio above 400, and these samples are found in highly populated areas.

3.4 Drinking water quality

The analytical results for physicochemical parameters of groundwater were compared with the standard guidelines
values recommended by the World Health Organization [51] for drinking water and public health purposes (Table 1).
All springs, bore holes, and some deep open wells with metal casing had colorless waters while for shallow wells and
unprotected wells, and rivers the colors were creamy and greenish respectively. This coloration may be attributed
to suspended solids in the water and the green colors in rivers showed evidence of eutrophication. The pH of the
samples was acidic to neutral. 6% of the samples had pH between 6.5 and 7.01, which is within the WHO guideline
values (Table 1), 71% falls within 5.1-6.4 which is moderate and 11% below the pH of 5.1. Generally, the water samples
are weakly mineralized, hence corrosive [52].

The Total dissolve solid was low but for a few samples which have values above 500. This low TDS in groundwater
is consistent with the observation that most exploited groundwater in weathered basement rocks of Africa are low in
dissolve ions and generally suitable for consumption [53]. The concentration of ions such as Na*, Ca%*, Mg?*, CI~ and
50,2 are within the maximum allowable limits for drinking water Table 1.
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3.5 Water quality index

The Water Quality Index (WQI) was calculated using weighted arithmetic average method. This method for calculat-
ing WQI considers maximum permissible limits for any regulation whether national or international and is adopted
to the need of that study. This method has its limitations such as, it is not possible to evaluate all the risk present,
and weighting is required for every boundary as per its importance which could be subjective. In the study area, the
results for the WQI had values ranging from 7.94 to 366.40 having a mean value of 49.61 (Table 3). 30% of samples
were excellent, 36% good, 14% fair, 4% poor and 6% unfit for drinking.

3.6 Agricultural water quality

The low EC, TDS, and major ions in groundwater makes is suitable for agriculture. The absorption of water and
nutrients from the soil by plant becomes difficult with excess salinity, which reduces the osmotic activity. In view of
the chloride content, 100% of water here fits for irrigation while NO;™ had 50% suitable for agriculture and a 50%
moderate waters.

Irrigation water rich in sodium can reduce the permeability of the soil and limit air and water flow. This is because of
the exchange processes that are established between water and soil. The sodium ions are adsorbing by clay particles
replacing the magnesium and calcium ions. Based on the SAR, 100% of the water samples are excellent for irrigation.
To further examine water quality for irrigation, the “residual sodium carbonate” (RSC) is used to refer alkalinity hazard
to soil. If the sodium in clayey soils is higher, it causes swelling and reduces the infiltration capacity of the soil. The
potential of sodium vulnerability is increased as RSC rises. This index is use to identify aptness of groundwater in
clayey soils. If groundwater of elevated RSC is used for irrigation, alkali soils will be form. In this region, the ground
and surface waters fall in the safe for irrigation category based on this classification (Fig. 5).

4 Conclusion

This study was aimed principally to examine the geochemistry and quality of the water sources for drinking and agricul-
tural purposes. 94% of the samples were acidic (4.71-6.4) and out of the drinking water limit. Therefore careful attention
is necessary at all stages of pipe borne water treatment and supply because of corrosion caused by low acidic nature
of the water. The water sources were fresh with relatively low mineralization having mean TDS of 92.47 mg/|, with the
main source of ions from the weathering of schist, micaschist, orthogneiss, quartzite, granitoids, granites, conglomer-
ates and clays.

The water types identified were: Ca-SO,, Ca-HCO;and Ca-Mg-Cl. Two main hydrogeochemical processes influenced
the water chemistry; incongruent silicate dissolution and cation exchange. There is an anthropogenic finger print in the
water chemistry.

The major ions of groundwater sources were within the guideline values for drinking water. The dominant
cation was Ca”* and anion HCO,. These ions vary in decreasing order of Ca®*> Mg?*> K*> Na* for cations and
HCO,™>NO; > Cl> SO, for anion.

The low EC, TDS and major ions in groundwater depicts low solubility of the silicates, short residence time of ground-
water, and shallow nature of the aquifers with the acidic character. The water resources are suitable for agriculture but
needs further purification before drinking.
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