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The rice-growing area of Maga is located in the floodplain of Lower Logone. It covers an irrigable area
of more than 7000 ha of arable land. This area is indeed subjected to groundwater quality studies. Three
campaigns of water sample studies were performed for one year in 15 points including nine boreholes
and six domestic feed wells. Temperature, pH, EC, as well as Ca®*, Mg®*, Na*, K*, NH,", HCO3, NO3’, CI,
8042" and PO42' were analyzed for these water samples. The results showed that these waters have a
medium degree of mineralization, resulting in facies of carbonated sodium and potassium type, then
bicarbonate calcium and magnesium. The levels of calcium, magnesium, sodium, potassium,
bicarbonates, chlorides and sulphates are much lower than those recommended by World Health
Organization (WHO) for human feed water. The contents of ammonium, nitrates and phosphates are in
most waters samples above WHO prescribed level (0.5, 50 and 0.5 mg/L). These ions in high
proportions have an anthropogenic origin because of the practice of rice farming. The sodium

adsorption ratio (SAR) allowed us to qualify groundwater intended for irrigation.

Key words: Physicochemical, groundwater, mineralization, Maga.

INTRODUCTION

Groundwater of good quality is nowadays threatened
both qualitatively and quantitatively. This threat is
accentuated by human activities (Hassoune et al., 2006;
El Asslouj et al., 2007; Bouderka et al., 2016) although it
may have natural causes (Andre et al., 2005; El Asslouj
et al, 2007; Kuldip Singh et al., 2011). Among
anthropogenic sources are agricultural activities that use

agrochemicals that can migrate to surface and
groundwater, thus altering its quality (Fadel et al., 2007;
Koné et al., 2009).

In Cameroon the water resource is abundant but its
quality is still not good (Kengni et al., 2012; Kristin et al.,
2014). Some studies carried out in the northern part of
Cameroon in order to evaluate the groundwater quality
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reported several sources of pollution (Mbawala et al.,
2010; Kristin et al., 2014; Moussa et al., 2014; Hambate
et al., 2015; Sara et al., 2016), which is a threat because
it lowers the overall water resources balance. Access to
good quality water therefore remains big challenge for the
government and the people.

In the Far North Region, only 13.8% of households had
access to drinking water in 2011 (Djao et al., 2011). In
the district of Maga, only a few families are connected to
the water distribution network provided by Cameroon
Water Utilities Cooperation (CAMWATER). Majority of the
population in this area use well water and boreholes
whose qualities is not controlled. However, with a dense
rice activity and an intensification of market gardening,
the underground water resources can be threatened by
an uncontrolled use of agricultural inputs following
liberalization of the market supply of these chemicals.
Knowing that the pollution prevention of water is
preferable to the treatment of the latter for the supply of
drinking water (Mourey and Vernoux 2000), it is therefore
appropriate to monitor the variation and evolution of the
guality of water resource of the area. This study focuses
on the assessment of the physicochemical quality of
water captured by boreholes and wells in the irrigated
rice area of Maga for its domestic and agricultural use.

MATERIALS AND METHODS
Description of the study area

The rice-growing area of Maga is located between latitude 10°21'
and 10°51' N and between longitude 14°56' and 15°13' E. It is in the
Department of Mayo-Danay, Region of Far North Cameroon. This
area has about 7000 ha of developed arable land divided into four
compartments (Maga East, Maga West, Pouss and Guirvidig) and
more 2000 ha undeveloped (Figure 1). The climate that reigns there
is of the Sahelo-Sudanese type, characterized by a long dry season
that starts in October and ends at the beginning of May and a short
rainy season, from June to September marked by episodes rainy
violent. The average annual rainfall varies between 750 and 800
mm. The average annual temperature varies between 26 and 28°C
with a monthly average that can reach 34°C in April. The
morphology is dominated by a plain that before the development of
SEMRY's (Société de Modernisation de la Riziculture de Yagoua)
facilities in Maga remained flooded for 5 to 7 months the flood
waters of Logone (Seignobos and Moukouri, 2000; Ngounou et al.,
2007). On the plan geologic there are recent and ancient
quaternary formations consisting of alluvial clay-sandy deposits
generally between 50 and 70 m thick (Schneider and Wolff, 1992;
Biscaldi, 1970). The soils of the area are poorly developed soils,
Vertisols, and tropical ferruginous soils, hydromorphic soils and
halomorphous soils (Barbery and Gavaud 1980).

METHODOLOGY

Water samples for the study were collected in October 2017,
February and June 2018. 45 samples were collected during these
three campaigns. These samples collected in polyethylene bottles
with a capacity of 1.5 L, previously washed with 1 M nitric acid and
then with distilled water. Before sampling in the field, these bottles
are rinsed three times with the water to be taken. These samples

are subsequently transported in a cooler at 4°C for laboratory
analysis. Sampling points were located by their geographic
coordinates determined by a Garmin branded GPS. pH, the
electrical conductivity and temperature were measured in situ using
a probe Hanna HI 98130 brand multi-parameters. The probe was
submerged into the sampled water and readings taken when they
stabilized. The complete alkalimetric title was determined by
titrimetric in the field using a 0.02N H,SO, solution. Sodium (Na®)
and potassium (K*) were assayed by flame photometry. The other
parameters (Ca®*, Mg®", NHs;", NOs, CI, SO,* and PO,*) were
determined using a Hanna HI 83300 photometer.

Statistical analysis of the data obtained with the XLSTAT 2018
software. The results obtained are compared to the WHO guideline
values for physical and chemical parameters for the quality of
drinking water (WHO, 2008). The Gibbs diagram (1970) was used
to determine the origin of the mineralization of the waters, the
hydro-chemical analysis was carried out using the Software
Diagram 6.57 (Simler, 2007) and to assess water quality for
agricultural use, we used Wilcox (1948) and Richards (1954)
diagrams to perceive the risk of soil salinization and sodization.

RESULTS AND DISCUSSION
Physicochemical quality of water

The average minimum temperature value for all
campaigns is 28.17°C while the average maximum value
is 32.03°C (Table 1). The average standard deviation
(SD) annual average (1.07) and the average coefficient of
variation (CV) (0.035) of the temperature that these
groundwaters are globally influenced by ambient
temperature (Kelly et al.,, 2013). This temperature
variation will have an influence on the reactions of the
chemical elements and pH of water (Larive, 1997). These
waters have a pH ranging from 6.65 to 8.19 (Table 1)
which is in the meantime recommended by WHO (6.5 -
9.5) for the quality of drinking water. These waters have a
low pH dispersion (SD equals 0.47) with values close to 7
can justify the strong presence of bicarbonate ions
(Guilhem, 1976). These pH values are in the range of
those obtained by Kristin et al. (2014) during the study of
quality Groundwater in the Lower Logone flood plains.

Electricity conductivity (EC) measurements across all
campaigns show values between 120 and 823.33 uS/cm
with an average of 409.33 uS/cm (Table 1). The
boreholes FO4 and F08 then the wells P02, PO3 and P06
have values conductivity range of 400 to 600 pS/cm
illustrating that these water points have a medium
mineralization (Table 2). Boreholes F05, FO9 and well
P05 have conductivity values between 600 and 1000
puS/cm indicating important mineralization. For the others
water points (FO1, F02, F03, F06, FO7, P01, PO04)
mineralization is observed to be weak to slightly
accentuated.

Total mineralization or TDS is the sum of cations and
anions. Charge is between 82.67 and 759.67 mg/L. With
the exception of the waters of points FO6 and F07, all the
other concentrations are characteristic of the
groundwater which is included in the range 100-1000
mg/L (Chebotarev, 1950; Hem, 1989). Considering this
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Figure 1. Location map of the study and sampling area.

mineral charge, 53% of waters are of excellent quality,
27% of good quality and 20% of fair quality (Table 3),
which reflects a weak anthropic influence exerted on
these waters.

Chemical quality of water

The major cations of the waters in the study area have
average concentrations variables according to the
chemical species sought. Of the 15 samples analyzed,
the mean values are in the range 0.33 to 36.33 mg/L and
then 4.33 to 19.67 mg/L for Ca** and Mg?*; from 6.27 to

183.01 mg/L then 2.07 to 5.47 mg/L and finally from 1.53
to 14.87 mg/L for Na*, K" and NH," respectively (Table
1). The ammonium concentration values of waters in the
study area for all seasons are greater than 0.5 mg/L
(Table 1), guiding value for drinking water (WHO, 2008).
However, considering separately subsurface waters
represented by wells and deep-lying waters represented
by boreholes, we note that the average concentrations of
calcium (10.06 mg/L) and magnesium (11.11 mg/L) are
higher in well water than in borehole water (5.22 and 9.15
mg/L, respectively), which reflects their contribution by
training from the soil in the seepage water by lixiviation
and by runoff. The average concentrations of the different
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Table 1. Results and statistical variables of physicochemical and chemical analyzes of water.

Physicochemical parameter Chemical parameters

Sample T°C oH EC TDS Ca? Mg Na* K* NH4* HCOx Cl (mglL) S0 PO NOsx

(4S/ecm) (mglL) (mglL) (mg/L) (mg/L)  (mglL) (mglL) (mg/L) (mglL) (mglL) (mglL)
FO1 29.61 7.20 323.33 417.33 1.67 8.00 106.20 2.20 1.57 292.37 0.50 0.67 0.57 3.33
F02 29.14 6.87 230.00 198.00 0.67 5.33 42.52 2.07 2.07 140.72 1.20 1.33 0.20 0.00
FO3 29.67 6.65 170.00 174.67 1.00 4.33 26.87 2,07 2.03 136.57 0.37 0.67 1.40 0.00
F04 30.51 7.04 413.33 292.67 1.00 11.33 56.75 2.57 2.03 216.68 0.90 0.67 0.43 0.00
F05 32.03 7.81 640.00 690.67 1.00 7.33 177.98 2.07 1.53 497.25 1.53 1.00 0.40 0.00
F06 31.97 8.18 173.33 82.67 433 5.33 8.29 2.07 1.57 59.11 0.40 0.67 0.20 0.00
FO7 29.70 8.19 120.00 95.33 0.33 8.33 6.27 2.27 5.83 70.85 0.73 0.33 0.03 0.00
F08 31.83 7.53 540.00 425.00 0.67 12.67 81.56 2.33 1.87 323.60 0.50 0.33 0.53 0.00
F09 28.17 7.02 823.33 668.67 36.33 19.67 71.79 5.47 14.87 516.91 0.73 1.67 0.00 0.00
P01 30.35 7.10 220.00 201.00 0.33 6.33 37.01 217 2.27 150.99 043 0.67 0.57 0.00
P02 30.28 7.53 536.67 384.67 0.67 13.67 41.39 247 3.20 318.87 0.87 0.33 0.50 2.33
P03 29.60 6.95 220.00 212.00 10.00 7.67 33.07 2.30 247 144.85 1.00 9.67 0.23 0.00
P04 30.33 7.80 360.00 221.67 11.33 10.33 15.26 2.27 2.27 177.23 0.80 0.33 0.30 0.00
P05 30.07 7.71 783.33 759.67 15.33 12.33 183.01 3.37 5.73 44512 23.37 22.00 0.03 47.93
P06 30.63 747 586.67 424.33 22.67 16.33 4497 2.80 3.27 33149 1.63 0.33 0.17 0.00
Minimum 28.17 6.65 120.00 82.67 0.33 4.33 6.27 2.07 1.53 59.11 0.37 0.33 0.00 0.00
Maximum 32.03 8.19 823.33 759.67 36.33 19.67 183.01 547 14.87 516.91 23.37 22.00 1.40 47.93
Average 30.26 740 409.33 349.89 7.16 9.93 62.20 2.56 3.50 254.84 2.33 2.71 0.37 3.57
Standard Deviation 1.07 0.47 229.84 216.04 10.54 4.39 55.10 0.87 342 148.63 5.83 5.82 0.34 12.31
Coefficient of Variation % 3.52 6.41 56.15 61.74 147.30 44.19 88.60 34.11 97.74 58.32 250.19 214.96 93.15 344.58
WHO (2008) 6.5-9.5 1300 1000 100 150 200 200 0.5 / 250 250 0.5 50

T: temperature; EC: Electrical conductivity; TDS: Total Dissolved Solid; Ca?": Calcium; Mg®*: Magnesium; K': Potassium; NH,": ammonium; HCOj3: Bicarbonates; CI': Chlorides; SO4*: Sulphates;
PO4*: Phosphates; NO3: Nitrate.

Table 2. Relationship between conductivities and mineralization.

Electrical conductivity (uS/cm) Mineralization
<100 Very weak

100 a 200 Weak

200 a 400 Not very accentuated
400 a 600 Medium

600 & 1000 Important

> 1000 Excessive

Source: Detay (1993).
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Table 3. Relationship between TDS and water quality.
TDS (mg/L) Quality Samples %
< 300 Excellent F02, FO3, F04, F06, FO7, P01, P03, P04 53.33
300 a 600 Good FO1, FO8, P02, P06 26.66
600 a 900 Fair FO5, F09, P05 20
900 a 1200 Poor
> 1200 Unacceptable
Source: WHO (1984).
Table 4a. Statistical variables of physicochemical and chemical parameters of boreholes water.
Variable Physicochemical parameters Chemical parameters
T°C pH EC TDS Ca Mg Na* K* NH4* HCOs CI- S$04#  PO&  NOsy
Min 2817 6.65 120.00 82.67 0.33 4.33 6.27 2.07 1.53 59.11 0.37 0.33 0.00 0.00
Max 3203 819 82333 690.67 36.33 19.67 17798 547 14.87 51691 1.53 1.67 1.40 3.33
Average 3029 739 38148 338.33 5.22 9.15 64.25 2.57 3.71 250.45 0.76 0.81 0.42 0.37
Std-dev 138 056 24263 229.12 11.72 4.81 54.16 1.10 4.39 171.03 0.39 0.44 0.42 1.11
CV% 456 770 63.60 67.72 22456  52.61 8430 4287 11858  68.29 5143 5454 100.59 300
Table 4b. Statistical variables of physicochemical and chemical parameters of wells water.
Variable Physicochemical parameter Chemical parameters
T°C pH EC TDS Ca Mg Na* K* NH4* HCO3 Cl- S04 PO NOs
Min 2960 6.95 220 201 0.33 6.33 15.26 217 2.27 144.85 043 0.33 0.03 0.00
Max 3063 7.80 78333 759.67 22.67 16.33 183.01 3.37 5.73 44512  23.37 22.00 0.57 47.93
Average 3021 743 45111 36722 10.06 1.1 59.12 2.56 3.20 261.42 4.68 5.56 0.30 8.38
Std-dev 0.34 033 22413 21470 8.61 3.75 61.56 0.45 1.31 122.33 9.16 8.86 0.20 19.40
CV% 1.15 4.52 49.68 5846  85.67 33.81 104.14 17.68 41.22 46.79 19561 15958  67.40 231.57

cations are a little more homogeneous at the wells than
the boreholes according the standard deviations that are
higher in boreholes than wells (Table 4a and b).

Anionic concentrations in the study area are subject to
important values variation between different sampling
points. Bicarbonates have a average value of 254.84
mg/L with a maximum value of 516.91 mg/L and a
minimum value of 59.11 mg/L with a standard deviation
of up to 148.64 mg/L (Table 1). For the chlorides the
average value is 2.33 mg/L with a minimum value of 0.37
mg/L and a maximum value of 23.37 mg/L. Chlorides are
more concentrated in wells with average values of 4.68
mg/L than in boreholes with concentrations of 0.76 mg/L
(Table 4a and b). Sulphates are weakly present with an
average concentration of 2.71 mg/L with minimum and
maximum values of 0.33 to 22 mg/L respectively. The
phosphates and nitrates have minimum and maximum
concentrations of 0.00 to 1.4 mg/L then from 0.00 to
47.93 mg/L with general averages of 0.37 and 3.57 mg/L
respectively. At the sight of the standard deviations

obtained, it appears that the average concentrations of
the different anions are more homogeneous (low
standard deviations) in boreholes than in wells (Table 4a
and b).

Origin of the mineralization of water

Tracing of water can allow an evaluation of the origin of
dissolved ions considering the variation of the ratio of
(Na+K)/(Na+K+Ca) and CI/(CI+HCOg3) as a function of
TDS. The projection of the different results obtained on
the Gibbs diagram shows that the mineralization of our
water is ensured on the one hand by the process of
evaporation of rainfall (Figure 2) for the presence of
alkalis (Na" and K*) and on the other hand the dissolution
of the minerals contained in the rock by the process of
interaction water-rock for the concentration of
bicarbonates. NPK elements are the main types of
fertilizer used for fertilization in the area. They can
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Figure 2. Gibbs diagram showing the origin of the mineralization of the different water samples.

migrate from the surface to end up in the deep waters.
The presence of NH," in a concentration greater than the
value allowed in the water of consumption (Table 1) can
be explained by the reduction of nitrates according to the
equation:

NOg- — N02 — NH4+

and also, by the fact that at the level of the upper layers
of the soil, the microorganisms involved in degradation of
organic ng phosphate fertilizers or pesticides (Rodier,
2009). Considering the results of the works of matter
produces nitrogen compounds (Tapsoba, 1995). The
phosphate levels are on average not insignificant in our
waters with an average peak of 1.40 mg/L. The presence
of phosphates in groundwater is linked to discharges
industrial and domestic industries, or the leaching of land
containi Bateman and Kelly (2007), the second
hypothesis seems the most plausible in our case study.

Hydrochemical facies

The analysis of the Piper diagram (1953) of all the
samples shows that: ten samples, four wells and six
boreholes have facies of the sodium and potassium
carbonate type and meet in the cultivated areas of the
irrigated perimeter of Maga East and West; the waters of

two well samples (P04 and PO06) and three boreholes
samples (F06, FO7, F09) have a facies of calcium and
magnesium bicarbonate type. They characterize the
facies of on both sides of the large rice-growing area of
Maga East and West.

In these two facies of water there is a dominance of
weak acids with for the calcium and magnesium
bicarbonate facies dominance of the alkaline earths
(Figure 3, zone 5) and dominance of the alkalis on the
alkaline earths (Figure 3, zone 8) for the carbonate facies
sodium and potassium. Thus, the waters irrigated area
are enriched with sodium and potassium, while
bicarbonates remain the dominant anion. In contrast, in
the area on both sides of the large perimeter facies do
not present dominant ions. The order of importance of
representatives of the major ions in the waters studied is
as follows: Na* > Mg®* > Ca** > NH,* > K" for cations, and,
HCO3; > NO3; > SO, > CI for anions.

State of groundwater quality for agricultural use

Market gardening and small-scale farming are gaining
momentum in the study area where groundwaters are
greatly solicited through the development of private wells
and boreholes. A high concentration of sodium in the
irrigation water in this case leads to absorption
of these ions by the clay particles by displacing the Mg2+
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Figure 3. Hydrochemical classification of groundwater.

and Ca* ions. This process of exchange reduces the
permeability of the soil and these soils become either
anabolic, saline or compacted (Bauder et al., 2008;
QOualid et al., 2018). The values of the conductivity (at
25°C) and those of the sodium absorption ratio (SAR)
given by the equation.

[Na™]
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\ 2
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are used to identify this risk in order to assess the
suitability of water for irrigation. The clues SAR and
values of conductivities at 25°C projected on the
Richards diagram (Figure 4), show that 40% of the
waters are in class S1C1, and 40% in the class S1C2
indicating that the waters are of excellent quality and
good for irrigation. However, borehole F09 is in class
S1C3 and borehole FO5 in class S3C2 indicating water of
poor quality for irrigation with a danger of sodicity and
salinity (Bauder et al., 2008). The quality of groundwater
for agricultural purposes can also be assessed using the
Wilcox diagram (Figure 5) based on electrical
conductivity and percentage of sodium (% Na*) which is
calculated as follows (Wilcox, 1955):

Na*

Natth = — =
° T Ccatt + Mg?** + Na*

Referring to the classification of WILCOX, the waters
belong to the classes "excellent" (FO2, FO3, F04, FO06,
FO7, P01, P02, P03, P04, P06), "good" (F09), "allowable"
(FO1, FO8, P0O5) and for a "mediocre" sample (F05). As in
the case of classification from Richards (1954), the best
quality waters are those with low mineralization. For in
the "allowable" class, waters may be allowed to irrigate
crops that are tolerant to salt on soil with good
permeability.

Conclusion

The hydrochemical study of the groundwater of the
irrigated perimeter of Maga allowed us to characterize
this resource. The analysis of the physical parameters
shows that the water has a pH which is near the neutral
with medium mineralization. Chemically these waters
have facies of the carbonate, sodium and potassium
types in the perimeters of Maga East and West, then
bicarbonate calcium and Magnesium characteristics
located on either side of Maga’s large perimeter. The
mineralization comes from two sources: on the one hand
by the hydrolysis of ions contained in the rock by the
water-rock interaction process and on the other hand by
the degradation of organic matter resulting from
agricultural activities giving rise to nitrogen compounds.
Ammonium ions, orthophosphates and to a lesser extent
Nitrates are the polluting elements of our waters. Overall,
the water in our area remains acceptable for its use in
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irrigation in view of the data obtained on the diagrams of

Richards and Wilcox.
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