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Abstract  Bafia-Muyuka is situated at the foot of the North Eastern flank of Mount Cameroon. The rock types of 
this area are mainly basaltic with minerals such as; pyroxene, olivine, plagioclase and opaque minerals. Samples 
collected from five (5) different springs during the rainy and dry seasons were analysed. The Physico-chemical 
analysis for both seasons were compared with WHO (2004) standard and were found to fall within the acceptable 
limit but for the exception of high temperature values in all the spring waters and NH4

+ during the rainy season. All 
the spring waters yielded pH values above 6.5 and were classified as barely acidic to neutral water. Electrical 
conductivity ranged between 180-302µs/cm. The relative abundance of major ions (mg/l) were as follows; Ca2+> 
Mg2+> K+> Na+> NH4

+ for cations and HCO3‾ > Cl‾ > NO3‾ > SO4
2‾> HPO4

2‾ for anions. These results suggested an 
influence of natural processes mainly from rock weathering. The Piper’s plot showed that, these springs are 
characterized by the Calcium-Magnesium Bicarbonate facie (Ca-Mg-HCO3 water type). The results indicate that the 
springs are non-polluted chemically and are fairly portable and suitable for domestic purposes. 

Keywords: Bafia, spring waters, Piper’s plot, basaltic, WHO standard 

Cite This Article: Wotchoko P, Tita M.A, Kouankap N.G.D, Alice M, Nkemnji J.Z, Guedjeo C.S, and 
Kamgang K.V, “Physico-Chemical Analysis of Water Quality of Springs in Bafia-Muyuka, North-Eastern Flank 
of Mount Cameroon (South West Region, Cameroon Volcanic Line).” American Journal of Water Resources, vol. 
4, no. 5 (2016): 111-120. doi: 10.12691/ajwr-4-5-2. 

1. Introduction 
Cameroon is the second country in Africa after the 

Democratic Republic of Congo in terms of quantity of 
available water resources estimated to be 322 billion m3 
[15]. However, these water resources are not evenly 
distributed due to variations in the topography, rainfall 
pattern and climatic changes. Conversely, these water 
sources are poorly harnessed resulting in acute pipe borne 
water supply in many localities in the country. Each year 
3.6 million people die from water-related disease, 98% of 
these deaths occur in the developing world [31]. The 
WHO notes in 2013 that by 2025, half of the world 
population will be living in water stressed areas. In Bafia 
there is no pipe borne water supply and the inhabitants 
consume mainly spring water whose quality is unknown 
and is poorly managed. In this paper, the geology of the 
area is studied as well as physico-chemical properties of 
some springs so as to ascertain their portability and 
domestic usage. 

1.1. Geographic Setting 
Bafia-Muyuka is situated in the Southwest Region of 

Cameroon. It lies between latitude 4°20'N and 4°22'N and 

longitude 9°18'E and 9°21'E about 15 kilometres from 
Muyuka town, the Sub-Divisional Head Quarter (Figure 1). 
The relief of the area is not uniform. It is characterised by 
steep hills and u-shaped valleys. Part of Bafia lies within 
the Cameroon Volcanic Spring Line and is well drained. 
The streams present a parallel drainage network, flowing 
in the SW - NE direction to the river Yoke (Figure 1). The 
climate is hot and humid (tropical climate) with dry and 
rainy season [20]. The rainy season extends from March to 
November with annual temperatures of 25-30°C and 
rainfall of 2000-2500mm [1]. 

2. Methodology 
Five different spring water samples (Figure 2) were 

collected all on basaltic rocks from the study area during 
the rainy season (September 2015) and during the dry 
season (February 2016). The sampling points were chosen 
in relation to their uses by the local population. At the 
spring sites, careful observations such as; weather 
conditions, sampling time, sampling method and 
coordinates were recorded. Clean 1.5liters plastic bottles 
were used to collect water samples. Each sample was 
duplicated; one acidified with 2ml of 1M HCl to pre-empt 
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any further acidity prior to analysis. Each plastic bottle 
was codified and then transported in an ice cool container 
to the laboratory within 24 hours. The acidified samples 

were used for the analysis of cations, while the non-
acidified samples were used for the analysis of anions. 

 
Figure 1. location map of the study area (A) Cameroon in Africa, (B) map of Cameroon showing the CVL [24] (C) Map of study area (black square box) 
(Source Map of Buea-Douala of scale 1:200000 NB-32-IV) 

 
Figure 2. Sampling Map of the study area (Source: Map of Buea – Douala of scale 1:200000 NB) 
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2.2. Petrographic and Hydrochemical 
Analyses 

Thin sections were prepared in the laboratory of the 
Institute of Geologic Research and Mining (IGRM) 
Nkolbisong Yaoundé. The prepared sections were then 
observed under the light microscope at the HTTC Geology 
Laboratory of the University of Bamenda. For the spring 
water samples, physical parameters like colour, odour, 
taste pH, Electrical Conductivity (EC), and temperature 
were determined in situ. Taste, odour, colour, and 
turbidity determined through tasting, smelling and naked 
eye observation while pH, EC, and temperature were 
determined using a Hanna pH-EC meter, respectively. The 
chemical parameters of the sampled waters were 
determined at the IRAD Ekona Soil Laboratory Centre. 
Major cations; sodium (Na+) and potassium (K+) were 
determined by flame photometry. The analysis of calcium 
(Ca2+) and magnesium (Mg2+) was done by titration with 
0.02M solution of Ca and Mg- EDTA together with 1ml 
of TEA and 1ml of 5% KCN. Ammonium (NH4

+) was 
analysed using the colorimetric method.Major anions: 
chloride (Cl‾) was analysed by titration. Nitrates (NO3‾) 
and phosphate (PO4

3‾) by colorimetry. Sulphates (SO4
2‾) 

by turbidimetry and Bicarbonates (HCO3‾) concentrations 
by titration. 

3. Results 

3.1. Petrography 
The study area is composed mainly of volcanic basaltic 

rocks which are vesicular, porphyritic and massive. 
Minerals like olivine, pyroxenes, plagioclases and opaque 
minerals constitute these rocks. On the microscopic plan, 
these basalts can be subdivided into: Olivine basalts which 
outcrop as boulders or blocks with sizes of about 1m to 
2m in diameter and cover about 20% of the study area. 
They present a microlitic with microphenocryst of olivine 
and some pyroxene. Opaque minerals occur as 
phenocrysts and also in the groundmass. Plagioclase 
basalts outcrop as boulders or blocks with sizes of about 
1m to 2m and cover about 42% of the study area. 
Plagioclase are euhedral in shape and make up about 38% 
of the rock, with sizes ranging from 0.01mm to 2mm. 
They have polysynthetic twins and are dispersed in a 
disordered manner within the groundmass. Plagioclases 
are the main constituents in the groundmass occurring as 
microlites. 

 
Figure 3. Microphotography of rock thin section from Bafia-Muyuka: a & b: Olivine basalt, c & d: Plagioclase basalt, e & f: Plagioclase-Olivine 
basalt. NB: Ol = Olivine; Pl = Plagioclase; Px = Pyroxene; Ox = Opaque mineral 

3.2. Physico-chemical Characteristics of 
Springs 

The physical and chemical parameters of the studied 
springs in the Bafia-Muyuka area are presented in Table 1. 

3.2.1. Physical Parameters 
Aesthetics examination such as colour, odour and taste 

was carried out by sensory method based on human 
perception of water quality and shows that spring from the 
studied area were tasteless, odourless and colourless with 
a clean appearance and little debris. Spring water 
temperatures were higher during the dry season (average 

of 27.12°C) and lower in the rainy season (average of 
24.4°C) for all springs (Figure 4). The average pH value 
was higher in the rainy season (7.14) than in the dry 
season (7.04) as shown in Figure 4, but all spring waters 
yielded slightly acidic to neutral water (Table 1). The 
highest pH was recorded in sample MWS (7.82). Their 
neutrality and acidity is within the range recommended by 
[30] which is fixed between 6.5 and 8.5. The values for 
the EC were high regardless of the spring and season but 
in the dry season the highest value (302µS/cm). was 
recorded in spring SWS. The average EC value was higher 
in the dry season (229.4µs) than in the rainy season 
(219.4µs). 
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Table 1. Variation of physical Parameters Rainy Season and Dry Season 
 T/°C EC/µs pH 

Sample code Rainy season Dry Season Rainy season Dry Season Rainy season Dry Season 

EWS 24 27.90 234.00 238.00 7.28 7.04 

SWS 25.50 28.00 289.00 302.00 7.01 7.00 

MWS 23.80 25.70 194.00 212.00 7.14 7.82 

KWS 24.90 27.60 180.00 183.00 6.70 6.02 

NWS 23.80 26.40 200.00 212.00 7.55 7.32 

Average 24.40 27.12 219.40 229.40 7.14 7.04 

Mean 25.76 224.40 7.09 

 
Figure 4. Variation of physical parameters 

3.2.2. Chemical Parameters 
The average concentration of Na+ and K+ were higher 

in the dry season than in the rainy season. There were no 
differences for the different water samples but for the 
sample EWS with high Na+ concentration in the rainy 
season and low Na+ concentration in the dry season. Their 
respective average values for the rainy season were 
0.51mg/l and 4.80mg/l, the values for dry season were 
0.58mg/l and 5.79mg/l. The average concentration of Ca+ 

in the rainy season shows that it was the most abundant 
cation with an average value above 20mg/l. The values 
were higher in rainy season than in the dry season. This 
stands for all the water samples except NWS water sample 
where Ca+ concentration for the dry season was higher 
than in the rainy season. The second most abundant cation 
present in the analysed waters was Mg2+ with an average 
concentration of 6.14mg/l in the rainy season and 
9.70mg/l in the dry season. Its concentration was higher in 

the dry season than in the rainy season for all samples 
(Table 2). NH4

+ values were higher in the rainy season 
than in the dry season (Figure 5) with average values of 
0.54mg/l in the rainy season and 0.12mg/l in the dry 
season. 

Based on the average concentration of anions, HCO3‾ is 
the most abundant anion in all the water samples with an 
exceptional high values during the dry season. Average 
HCO3‾ values were higher in the dry season (145.67mg/l) 
than in the rainy season (37.09mg/l). NO3‾ and SO4

2‾ 
average concentrations were higher in rainy season than in 
the dry season as shown in Table 3. Their respective 
average values for the rainy season were 3.12mg/l and 
1.2mg/l while the values for dry season were 2.54mg/l and 
0.72mg/l. SO4

2- concentrations are higher in the rainy 
season than in the dry season for all the water samples. 
The average concentration of Cl‾ was higher in the dry 
season as compared to the rainy season though with some 
irregularities on some water samples. HPO4

2‾ concentration 
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were barely detectable in the rainy and dry season with the 
average value of 0.01mg/l. HPO4

2‾ was completely absent 
in some water samples in both the dry and rainy seasons 
such as samples KWS and NWS Table 3 and Figure 6. 

Table 2. Variation of Cations in the Rainy Season and Dry Season 

 Na+ (mg/l) K+ (mg/l) Ca2+ (mg/l) Mg2+ (mg/l) NH4
+ (mg/l) 

Sample 
code 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

EWS 0.78 0.71 6.78 7.45 33.68 22.66 4.21 10.77 0.65 0.17 

SWS 0.23 0.30 0.77 2.29 11.23 8.50 10.26 12.12 0.63 0.07 

MWS 0.60 0.64 6.01 6.31 16.84 16.99 3.33 8.86 0.51 0.15 

KWS 0.58 0.62 5.69 6.59 28.07 19.82 10.91 12.84 0.30 0.03 

NWS 0.37 0.62 4.77 6.31 11.23 16.99 2.01 3.91 0.61 0.16 

Average 0.51 0.58 4.80 5.79 20.21 16.99 6.14 9.70 0.54 0.12 

Mean 0.55 5.30 18.60 7.92 0.33 

 
Figure 5. Variation of cations 
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Figure 6. Variation of anions 

Table 3. Variation of Anions in the Rainy Season and Dry Season 

 HCO3
- (mg/l) NO3

- (mg/l) SO4
2-(mg/l) Cl- (mg/l) HPO4

2- (mg/l) 
Sample 

code 
Rainy 
Season 

Dry 
Season Rainy Season Dry 

Season Rainy Season Dry 
Season 

Rainy 
Season 

Dry 
Season 

Rainy 
Season 

Dry 
Season 

EWS 51.24 129.32 5.48 3.14 0.57 0.40 9.00 6.00 0.01 0.01 

SWS 9.76 226.92 1.23 1.96 0.69 0.29 4.00 2.00 0.02 0.01 

MWS 50.02 125.66 4.26 3.12 0.45 0.15 3.00 7.00 0.01 0.01 

KWS 42.70 125.66 0.26 0.03 0.46 0.14 7.00 6.00 0.00 0.00 

NWS 31.72 120.78 4.35 4.44 4.23 2.61 1.00 8.00 0.00 0.00 

Average 37.09 145.67 3.12 2.54 1.28 0.72 4.80 5.80 0.01 0.01 

Mean 91.38 2.83 1.00 5.30 0.01 

3.2.3. Hydrochemical Facies 
The Piper’s plots [21] provide information on the 

different chemical facies of the analysed in the study area. 
During the rainy season, the major cations from all the 
water samples are of the calcium-magnesium water type 

(Ca-Mg type) while the anions presented the bicarbonate 
water type (HCO3) and the chloride water type for the lone 
SWS water sample. This Piper’s diagram clearly shows 
that these springs present a calcium-magnesium-
bicarbonate facies (Ca-Mg-HCO3 type) Figure 7. 
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Figure 7. Piper’s diagram for water samples in Bafia 

4. Discussion 

4.1. Water-Rock Interaction 
The basaltic rocks were composed of olivine, pyroxene, 

plagioclase and some opaque minerals. During 
progressive weathering of these rocks, ions are 
progressively released. The abundant ions of Ca2+ and 
Mg2+ found in all the water samples probably due to the 
processes of solution of pyroxenes and hydrolysis of 
olivine and plagioclase. 
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The occurrence of the bicarbonate ions in all the 
samples is probably due to the alteration of plagioclase 
found in basalts. 
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According to [23] if silicate weathering is the possible 
source of Na+, then these water sources will have HCO3

- 
as the most abundant anion. This is because of the reaction 
of silicate minerals with carbonic acid in the presence of 
water, which releases HCO3- [8] as shown below [27]. 
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This confirms the dominance of HCO3‾ in the spring 
sources as a result of weathering reactions on rocks in the 
study area by percolating ground water. 

4.2. Physico-Chemical Parameters of Springs 
The current study found that the pH values of drinking 

water ranged between 6.02 and 7.82. The [30] guidelines 
for drinking water quality ranged between 6.5 and 8.5. 
This makes the water very good for drinking. Even though 
pH has no effect on human health, research has shown that 
it is closely related to other chemical constituents of water [2]. 

Generally, the weather in the study area is quite hot; 
water temperature plays an important factor which influences 
the chemical and/or bio-chemical characteristics of water 
body. Cool water is generally more appetizing than warm 
water. From the field, the maximum temperature of 28°C 
was recorded during the dry season at SWS point and a 
minimum of 23.80°C was recorded during the rainy 
season at NWS point. All the sampled water sources have 
exceeded the recommended [30] standard of 15°C making 
them not appetizing to an extent and might favour 
bacterial growth. The Electrical conductivity values 
ranged from 180.00 to 289.00 (us/cm-1) in the rainy season 
and between 183.00 to 302.00 (us/cm-1) in the dry season. 
It falls within the permissible limits of 750us/cm-1 for [30] 
limit and classed the springs as fresh water type. It has 
been established that the conductance of water solution 
increases as temperature rises [28]. This average EC 
values obviously might be due to their insufficient contact 
time with the country rock as they flow very fast on the 
rock couple with the porous nature of the terrain. 

4.3. Cations in Springs from Bafia-Muyuka 
The relative abundance of the cations was as follows 

Ca2+> Mg2+> K+> Na+> NH4
+. Among the major cations, 

Ca2+ predominates with average concentrations of 
(18.60mg/l) followed by Mg2+ (7.92mg/l), K+ (5.30mg/l), 
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Na+ (0.55mg/l) and lastly NH4
+ (0.33mg/l). Portable 

groundwater should contain less than 75mg/l of Ca+. 
according to [30]. The values obtained from this area are 
within the WHO limit. This makes the water good for 
human consumption. The high concentration is likely 
attributed to the presence of plagioclase and pyroxene 
minerals in the surrounding basaltic rocks which are easily 
weathered. Mg2+ is very soluble in water and in ground 
water it is usually of lesser concentrations. Mg+ 

concentration in water sources of the area ranged from 
2.01mg/l to 12.84mg/l which were below the WHO 
standard. Being a farming area, the major source for K+ 
could be due to the application of K+ rich fertilizers. 
Ground water should contain less than 25mg/l of K+ as 
compared to WHO standard. K+ values from study area 
ranged from 0.77mg/l to 7.45mg/l. These concentrations 
are very low and fall under the ideal acceptable class of 
[30] drinking water standards. As of now, K+ has no 
known effects to the health of humans. Natural water 
contains small amount of Na+. A maximum drinking water 
standard of 100 mg/l has been proposed for the general 
public [17]. The values for Na+ in the water of the study 
area were very low ranging from 0.23mg/l to 0.78mg/l. 
The most probable source of Na+ can be from plagioclase 
in basalts which are partially weathered. The main source 
and reason for the high concentration of NH4

+ during rainy 
season is probably from fertilizers used in farms which is 
being leached into the water while natural sources such as 
organic (metabolic processes) and inorganic (rock 
weathering and hydrothermal activity) could also 
contribute to the presence of NH4

+ [16]. The values were 
above the WHO guideline limits of 0.2mg/l during the 
rainy season and under the limit required by the WHO 
drinking water norms during the dry season. 

4.4. Anions in Springs from Bafia-Muyuka  
The relative abundances of anions (mg/l) in different 

samples were as follows: HCO3‾ > Cl‾ > NO3‾ > SO4
2‾ > 

HPO4
2‾. Among the major anions, HCO3‾ dominates with 

average concentration (91.38 mg/l), followed by Cl‾ 
(5.3mg/l), NO3‾ (2.83mg/l), SO4

2‾ (1.00mg/l) and lastly 
HPO4

2‾ (0.01mg/l). The dominance of HCO3‾ is consistent 
with most natural waters along the CVL [26]. This HCO3‾ 
may result from abundant vegetation cover. According to 
[13] the primary source is probably from the dissolved 
CO2 in rain water and the decay of organic matter at the 
surface which may release CO2 for dissolution. Weathering, 
precipitation and organic decay probably account for the 
dominance of this ion. Cl‾ are present in all natural water 
and are major anions in water and sewage. The values of 
Cl‾ in the study area which ranges from 1.00mg/l to 
9.00mg/l were within the accepted limits. Cl‾ in excess 
(>250 mg/l) impart a salty taste to water. According to [29] 
most of the Cl‾ in springs comes from precipitation. 
Chlorine is often added to water in order to kill bacteria. If 
consumed in high amounts, Cl‾ can be toxic and cause 
sufficient cell damage in the human body. Higher 
concentration of chlorine may cause gastrointestinal 
irritation when associated with sodium and magnesium 
[16]. NO3

- represents the final product of the biochemical 
oxidation of ammonia. Pesticides, nitrogenous fertilizers, 
and manure are also the common probable sources of the 
presence of NO3

- in spring waters of the area due to 

agricultural practices. Naturally, the concentration of 
nitrates in water is 6mg/l. exceptions for up to 10mg/l are 
hazardous. Nitrate ranged from 0.03 to 5.48mg/l in the 
study area indicating these springs as suitable for drinking 
[22] Similar exercise was carried out in Douala and the 
results obtained presented higher NO3

- (49.8–53.8mg/l) 
concentration in groundwater sources associated with 
organic nitrogen leached from pit latrines and solid waste 
dumps [25]. High levels of NO3

- in water can lead to 
blood poisoning and eventually death [11]. According to 
[9] high NO3

- levels in water have been associated with 
methenoglobinemia, gastric ulcer, cancer and urinary tract 
diseases [7] Therefore, the monitoring of NO3

- in drinking 
water supply is very important because of health effects 
on humans and animals. SO4

2‾ could derive from natural 
source such as sulphate minerals common in igneous 
rocks [13]. Its concentrations were very low compared to 
those of [30] standards of 250mg/l. The low 
concentrations may be a consequence of gradual 
dissolution [10]. HPO4

2‾ occurs in natural waters in low 
quantity as many aquatic plants absorb and store 
phosphorous many times their actual immediate needs. 
The concentration of phosphate was 0.01 to 0.02mg/l in 
some sampling points (EWS, MWS and SWS) and non-
detectable with KWS and NWS samples. HPO4

2‾ in 
natural water mostly ranges between 0.005 to 0.020mg/l 
[3]. The major source is from agriculture [12-18] and 
organic decay [32]. The general absence could mean that 
the application of phosphate fertilizer is very low. 

Table 4. Spring water quality in Bafia-Muyuka in conformity with 
[30] drinking water standard. * Values above WHO limit 

Parameter WHO Limit 
(2004) 

Range in Bafia-
Muyuka Springs 

pH 6.5 – 8.5 6.02 – 7.82 

T (°C) 15 23.80* – 28.00* 

EC (µs/cm) 750 180.00 – 302.00 

Ca2+ (mg/l) 75 8.50 – 33.68 

Mg2+ (mg/l) 30 2.01 – 12.84 

Na+ (mg/l) 200 0.23 – 0.78 

K+ (mg/l) 100 0.77 – 7.45 

NH4
+ (mg/l) 0.2 0.03 – 0.65* 

Cl‾ (mg/l) 250 1.00 – 9.00 

NO3‾ (mg/l) 10 0.03 – 5.48 

SO4
2‾ (mg/l) 250 0.14 – 4.23 

HCO3‾ (mg/l) 200 9.76 – 226.92 

HPO4
2‾ (mg/l) 0.30 0.00 – 0.02 

Total Hardness(TH) 100 36 - 115 

Comparing the results obtained with that of WHO 
(Table 4), the values were within the WHO drinking water 
standard. From the above table, one can deduce that the 
pH, EC, Na+, K+, Ca+, Mg+, Cl‾, NO3‾, SO4

2‾, HPO4
2‾ and 

HCO3‾ concentrations of the analysed water were under 
the limits required by the [30] drinking water norms. 
These spring waters can be classed as suitable for drinking 
and domestic usage though Temperature values and NH4

+ 
values (in some sampling points) were above the WHO 
limits. 
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4.5. Total Hardness (TH) of Springs from 
Bafia 

Hardness of water is mainly due to the presence of salts 
of calcium and magnesium and this reduces lather 
formation and also increases the boiling point of the water 
[19]. The users of hard water tend to use a lot of soaps for 
washing. Hardness of water also leads to the formation of 
scales in sinks, pipe fittings and cooking utensils. 
According to [6], there is some suggestive evidence that 
long term consumption of extremely hard water might 
lead to increase urolithiasis, ancephaly, parental mortality 
and some kind of cancer and cardiovascular disorders. On 
the other hand water softness (low in Ca2+ and Mg2+) 
could be a health problem since soft water has been linked 
to cardiovascular ailments [5-14] expresses hardness of 
water as Total Hardness (TH) and is given by TH=2.5Ca + 
4.1Mg. The results from this study area show the 
following water types in terms of TH (Table 5). 

Table 5. Spring classification based on total hardness after [5]  
TH Range 

(mg/l) Water type Sampling code No of 
Springs 

<9 Soft - 0 

9 – 60 Slightly Hard NWS 1 

60 – 120 Moderately Hard EWS, SWS, 
MWS, and KWS 4 

120 – 180 Hard - 0 

>180 Very Hard - 0 

Based on the classification scheme by [5] four (80%) of 
the spring sources sampled were classified as moderately 
hard water (EWS, SWS, MWS, and KWS) while one 
(NWS) out (20%) of the sources was categorized as 
slightly hard water (Table 5). Hardness of water supply 
intended for human consumption is between 80 and 
100mg/l [5]. As cited in [8, British Committee on Medical 
Aspects of food policy [4] found a weak inverse 
relationship between water hardness and cardiovascular 
disease death. This implies that people consuming soft 
waters have the likelihood to suffer from cardiovascular 
diseases than those consuming hard waters. Eighty percent 
(80%) of springs in Bafia were moderately hard water 
meaning that people living in Bafia whose only source of 
drinking water are springs have a low risk of contracting 
cardiovascular diseases. Hard water is good for drinking 
because the calcium and magnesium ions are used for 
bones and teeth formation. 

5. Conclusion 
Bafia-Muyuka, is made up of basaltic rocks from which 

several spring flow. Five springs were subjected to 
physico-chemical analyses. The concentration of all the 
parameters in all spring samples were found within the 
permissible limit as prescribed by [30] standard but for the 
temperature in both seasons and NH4

+ during the rainy 
season that were above the permissible limit. The relative 
abundance of major cations and anions in the water (mg//l) 
was Ca2+ > Mg2+ > K+>Na+> NH4

+ and HCO3‾ > Cl‾ > 
NO3‾ > SO4

2‾ >PO4
3‾ respectively. Major ion concentrations 

were low, and below maximum values of the WHO 
standards for drinking water. The springs are moderately 

hard and show calcium-magnesium bicarbonate (Ca- Mg-
HCO3) facie. Based on our findings, the population of 
Bafia which depends on the spring water for drinking and 
domestic purposes face very little health worries 
consuming these springs. 

Acknowledgement 
Thanks to the laboratories of Institute of Geologic 

Research and Mining (IGRM) Nkolbissong Yaounde and 
IRAD Soil Laboratory Centre Ekona for thin section and 
water analysis respectively. 

References 
[1] Abanda C. (2011): Annual Report of the Subdivision Delegation 

of Agriculture and Rural Development-Muyuka. 2010-2011. 
[2] Ako A. A. (2011): Hydrogeological Study on Groundwater in the 

Banana Plain and Mount Cameroon area – Cameroon Volcanic 
Line. Kumamoto university. 

[3] Chapman D. (1992): Water Quality Assessment: A Guide to the 
Use of Biota, Sediments and Water in Environmental Monitoring. 
Chapman and Hall, London, U.K. 

[4] COMA (1994): Nutritional aspects of cardiovascular disease. 
Committee on medical aspect of food policy No 46 (186 pp). 
London: HMSO. 

[5] Driscoll (2009): Water hardness based on concentration of 
calcium and magnesium. In: Poells, D.J., Smith, G.J. (Eds.). 
Encyclopedic dictionary of hydrogeology. Academic press, 30 
corporate drive, suite 400, Burlington, MA 01803, USA. 

[6] Durvey V. S., Sharma L.L., Saini V.P., Shama B.K. (1991): 
Handbook on the Methodology of Water Quality Assessment in 
India: Rajasthan Agriculture University.  

[7] Edet A., Nganje T.N., Ukpong A.L., Ekwere A.S. (2011): 
Groundwater chemistry and quality of Nigeria: A status review. 
Afr. J. Environ. Sci Technol. 5 (13): 1152-1169. 

[8] Elango L, Kannan R, Senthil, Kumar M. (2003): Major ion 
chemistry and identification of hydrogeochemical processes of 
groundwater in a part of Kancheepuram district, Tamil Nadu, 
India. J. environ. Geo. 10(4):157-166. 

[9] Engome R. Wotany, Samuel N. Ayonghe, Wilson Y., Fantong 
Mengnjo, J. Wirmvem and Takeshi Ohba. (2013): 
Hydrogeochemical and Anthropogenic Influence on the Quality of 
Water Sources in the Rio Del Rey Basin, South Western, 
Cameroon, Gulf of Guinea. Vol.7 (12), pp. 1053-1069. 

[10] Fonge B. A., Egbe E.A., Fongod A.N., Tening A.S., Achu R.M., 
Yinda G.S., Mvondo Z. (2012): Effects of Land Use on 
Macrophyte Communities and Water Quality in the Ndop Wetland 
Plain, Cameroon. J. Agric. Soc. Sci. 12: 41-49. 

[11] http://www.globalhealingcenter.com/water-toxins.html 
[12] Kannan and Sabu. (2009): Quality of Groundwater in the Shallow 

Aquifers of a Paddy Dominated Agricultural River Basin, Kerala, 
India; World Academy of Science, Engineering and Technology; 
52:475-493. 

[13] Karanth K.R. (1987): Groundwater assessment: development and 
management; Tatamc Grawl Hill Publishing Company Limited; 7 
West Patel Nagar, New Delhi; 488pp. 

[14] Kozisek F. (2005): Health Risks from drinking demineralised 
Water. In: nutrients in drinking Water. World Health Organization, 
Geneva. pp. 148-163. 

[15] Mafany G. T. & Fantong W. Y. (2006): Groundwater quality in 
Cameroon and its vulnerability to pollution. Taylor and Francis, 
Balkema, Rotterdam, pp. 47-55.  

[16] Magha A., Tita M. A., Kouankap G. D. N., Wotchoko P., Ayuk M. 
T., Kamgang Kabeyene V. (2015): Physico-Chemical and 
bacteriological characterization of spring and well water in 
Bamenda III (NW Region, Cameroon) 4(3): 163-173. 

[17] Mahananda M. R., B.P. Mohanty & N.R. Behera. (2010): Physico-
chemical analysis of surface and ground water of Bargarh district, 
Orissa, India. Department of Environmental Sciences, Sambalpur 
University, Jyoti-Vihar, Burla-768019, Orissa, India. 

[18] Mitra B. K., Sasaki C., Enari K., Matsuyama N and Fujita M. 
(2007): Suitability assessment of shallow groundwater for 



 American Journal of Water Resources 120 

 

agriculture in sand dune area of Northwest Honshu Island, Japan; 
applied ecology and environmental research; 5 (1):117-188. 

[19] Murhekar G.H., Int.J.Res.Chem. Environ, (2011), 1(2), 183-187. 
[20] Neba S. A. (1987): Modern Geography of the republic of 

Cameroon, 2nd edition, Neba publishers, Bamenda. 
[21] Piper A. M. (1944): A graphic procedure in the geochemical 

interpretation of water analyses, Trans. Am. Geophys. Un. Papers, 
hydrol. 914-929. 

[22] Roberts G. and Marsh T. (1987): The effects of agricultural 
practices on the nitrate concentrations in the surface water 
domestic supply sources of Western Europe, International 
Association of Hydrological Sciences Publication, 164, 365-380. 

[23] Rogers R. J. (1989): Geochemical comparison of groundwater in 
areas of New England, New York and Pennsylvania. Groundwater 
27 (5): 690-712.  

[24] Suh C.E., Sparks, R.S.J., Fitton, J.G., Ayonghe, S.N., 2003. The 
1999 and 2000 eruptions of Mount Cameroon: eruption behavior 
and petrochemistry of lava. Bull. Volcanol. 65, 267-281. 

[25] Takem EG, Chandrasekharam D, Ayonghe SN, Thambidurai P 
(2010). Pollution characteristics of alluvial groundwater from 
springs and bore wells in semi-urban informal settlement of 
Douala, Cameroon, western Africa. Environ. Earth Sci. 61:  
287-298. 

[26] Tanyileke G. Z., Kusakabe M., Evans W. C. (1996): Chemical and 
Isotopic Characteristics of Fluids along the CVL, Cameroon. 
Journal of African Earth Sciences, 22. (4): 433-441. 

[27] Tay C.K. (2012): Hydrochemistry of groundwater in the 
Savelugu-Nanton District, Northern Ghana. Environ. Earth Sci. 67: 
2077-2087. 

[28] Twort A, Dickson C. A. (1994): Elementary Water Supply 
Engineering. Vol. 1. 

[29] Vitousek, P. M. (1977) The regulation of element concentrations 
in mountain streams in the northeastern United States Phys. Geog., 
7, 1-24. 

[30] WHO (2004); Guideline for Drinking-Water Quality, 3rd Edition, 
volume 1: Recommendations, World Health Organization, Geneva: 
Switzerland, 515pp. 

[31] WHO Geneva (2008). Guidelines for drinking-water quality 
(electronic resource), 3rd edition incorporating 1st and 2nd addenda, 
Volume 1, recommendations. 

[32] Yidana S. M., Ophori D. and Banoeng-Yakubo. (2008): A 
multivariate statistical analysis of surface water chemistry data. 
The Ankobra basin, Ghana; Journal of Environmental 
Management; 86:80-87. 

 


