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ABSTRACT

This work deals with the hydrogeochemical characterization of the Korama, the Continental Intercalary ,Terminal and
base aquifers groundwater, found in the local governments of Mirriah Tanout Kantché, Gouré and Magaria in Zinder
region in the Republic of Niger, West Africa. For that thirty (30) sampling points identified by GPS coordinates were
sampled in the periods from November to December 2013 and June-July 2014. In order to determine the status of these
waters during these times their facies were established on the basis of data previously calculated. Four types of facies
characterize the waters of these aquifers: the calcium chloride-type facies representing 10%, located in continental infill,
and terminal in the Manga, the sodium chloride-type facies located at continental, intermediate terminal Plinth and they
represent 16.67% those of calcium bicarbonate type are the most abundant with 50% and meet in four types of aquifers
i.e. the Korama, the continental infill, the continental terminal and the base and the Sodium bicarbonate type facies
representing 23.33% all located in the continental infill. This mineralization is mainly due to the dissolution of minerals,
anthropogenic contribution and exchange of water between aquifers.
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INTRODUCTION

Water is a scarce resource [1], which is common to all humanity. [2] This resource is unevenly distributed
throughout the world. [3] The largest liquid fresh water reserve of the planet consists of groundwater with
about 8 to 10 million km3, representing 98 and 99% of these waters. [4] Groundwater is in Niger,
particularly in the Zinder region the main source of drinking water. [5] In Niger characterization studies
are old and sometimes non-existent to this is added the lack of regular monitoring of the evolution of the
water quality of these [6] aquifers. This article discusses the hydrogeochemical characterization of
groundwater aquifers found in four of the five local governments in the Zinder region in the Republic of
Niger

MATERIALS AND METHODS

For purposes of the study we selected thirty (30) sampling points that already exist in the region. These
points are divided into two types: human cemented wells and boreholes motor equipped with a mini
drinking water supply (FWS).

The samples of water intended for physicochemical analyzes were conducted according to the rules
described by L-BARES [7]. A purge of one to two minutes is observed on these structures, since they are in
continuous operation prior to their sampling.

Physical, physico-chemical and chemical parameters that were subject of investigation in our study, are
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analyzed in the laboratory of the Zinder Regional Directorate of Water and Sanitation (ZRDWS)

Physical parameters such as electrical conductivity; the temperature and pH are measured in situ by
potentiometry and / or electrometry with a Wagtech WE 30200 and a Wagtech WE 30210
conductivitymeter. Cations such as sodium, potassium are analyzed by a Jenway PFP7 flame photometer,
the total calcium, magnesium hardness; carbonates and bicarbonates are measured by the digital
tetrameter and calcium and magnesium ions are deduced by simple calculation.

In the end colorimetry allows the determination of anions such as sulfate, nitrates, chlorides, fluorides,
nitrites ions and the total iron from the DR 2800 spectrophotometer. The diagram software (Roland
SIMLER Hydrology Laboratory of Avignon) and Microsoft excel enabled: to make the Piper diagrams,
determine the hydrochemical facies of waters and the mineral saturation indices. The Arc View 3.2
software helped to perform the geological and hydrogeological maps. The Microsoft excel software was
used to perform linear binary diagrams that allowed by simple correlation between major elements
determine the processes at the origin of the mineralization of the waters.

RESULTS
Representations of piper in different aquifers give us the following results:
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Figure 1: Different types of facies met at the Continental Intercalary
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Figure 2: Different types of facies met at the Continental Terminal
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Figure 4: Different types of facies met at the Base
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In the tables below follow the results of physical chemical and physicochemical tests,

Table I: Average parameters analyzed on the structures from 2013 to 2014

NAMES pH T° conductivity FeT Cl- F- NO;-
Garagoumsa 7.1 31.8 355 0.02 1.8 2.74 0.0132
Diota Haoussa 7.79 31.2 189 0.01 1.6 1.92 0.0693
Koundoumaoua 7.17 30.4 345 0.19 3 4.76 0.079
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Daouché 5.95 304 44 0.02 2.2 0 0.075

Zongo Algabit 7.25 32.6 156 0.14 11.6 0 0.036

Belbedji 8.67 33.2 390 0.004 14.4 4.48 0.033

Takiéta 6.59 31.9 188 0.11 6.16 0.15 0.085

Toudoun Agouwa |6.38 31.7 107 0.39 6.6 0.3 0.052

Dakouma Didiari |6.18 31.1 174 0.05 14.4 0.16 0.066

Dan Amanta 7.46 32,5 1209 0.07 417 0.21 0.056

Kelle 6.51 321 204 0.02 10 0.15 0.066

Gangara 8.94 38.2 337 0.03 3.6 1.22 0.013

Samia 8.92 334 274 0.02 6.8 0.23 0.119

Sabon Kafi 8.94 38.6 457 0.1 11.6 0.99 0.039

Yagagi 9.06 33.5 279 0.07 6.4 0.21 0.026

Bakin Birji 7.23 32.6 166 0 5.9 0.35 0.099

Ollellewa 8.54 37.7 221 0.02 1.6 0 0.082

Yaouri 4.83 29.1 22 0.01 4.2 0 0.0858

Kourni Koutchika |4.93 31.2 34 0.03 4 0 0.066

Sassoumbroum 5.09 32.5 13 0.02 3.2 0.27 0

Yékoua 5.74 32.1 804 0.04 8.6 0.19 0.033

Yari 7.32 33.3 358 0.15 9.8 0.25 0.059

Katofou 4.91 31.7 46 0.03 4.6 0 0.0726

Gomba 5.85 314 35 0.02 2.6 0 0.0891

Guidimouni 6.34 314 72 0.04 5.6 0.21 0.016

Dungass 6.42 314 83 0.01 2 0.05 0.013

Guéza Mahaman 7.44 34.2 465 0.02 7.5 0.33 0.0462

Dan Ladi 71 33.3 1507 0.01 68.6 0 0056

Birni Kazoé 7.42 33.2 2170 0 116.4 2.82 0.924

Gouna 7.42 32 130 0.05 4.4 0.23 0.053

Table I (continued)
NAMES NOs- S042 HCOs- Na+ K+ Caz+ Mg2+
Garagoumsa 8.36 38 55 26.8 19.8 4 0.486
Diota Haoussa 8.8 3 92 17.6 5 13.6 1.944
Koundoumaoua 3.52 29 61 16.8 16 12.8 0.972
Daouché 3.52 1 19.8 0.6 2.75 5.6 0.972
Zongo Algabit 1.76 31 32.7 28 2.75 3.2 0.243
Belbedji 4.4 32 95.5 60 0.6 11.6 0.243
Takiéta 1.76 90.28 5 5 21.6 5.832
Toudoun Agouwa 0.44 0 50 1.75 3.32 10.4 243
Dakouma Didiari 0.36 80 8.5 6.65 15.2 1.944
Dan Amanta 35.2 50 183 18.2 14.5 130.4 3.888
Kelle 24.2 10 61 5 6.65 19.2 6.318
Gangara 3.52 34 100.2 49.5 1.6 24 0
Samia 2.2 27 103 49.5 0.6 2 0.486
Sabon Kafi 5.72 88 86 68.6 0.6 8.48 0
Yagagi 5.28 17 131.5 49.5 0.6 6.44 0.486
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Bakin Birji 3.52 0 95 11.75 4 19.84 1.215
Ollellewa 2.2 0 102.6 28.6 0.6 8.24 0.243
Yaouri 7.04 0 19.5 4.9 0.6 4 1.944
Kourni Koutchika 7.48 0 24.2 4 0.6 3.2 2.916
Sassoumbroum 3.52 2 8.4 3.5 0.6 2.6 0.243
Yékoua 188.32 2 63.14 6.75 3.32 82.4 15
Yari 5.72 46 53 8.75 5 22.4 243
Katofou 7.04 0 18 3 0.6 6 0.484
Gomba 0.44 0 15 1.8 0.8 4.2 0
Guidimouni 8.8 7 48 2.5 2 19.2 0.486
Dungass 3.52 3 22 2.5 0.6 6.4 0.486
Guéza Mahaman 11.14 6 248 3 5 62.4 14.58
Dan Ladi 129.8 69 429.62 8.5 6.65 236 16.038
Birni Kazoé 264 345 305 52.8 5.5 24 13.22
Gouna 11.88 0 59.17 7.5 1.33 11.6 4.73

Figures 5, 6, 7 and 8 below show the variation of Caz*ions according to the HCOsions and varying the
ratio Mg / Ca based on the F- ions respectively in the waters of the Continental Intercalary, Continental
Terminal , the Korama and the base.
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DISCUSSIONS

The analysis of the piper diagram of all structures (Figures 1, 2, 3 and 4) reveals four types of facies that
characterize the waters of these aquifers: the calcium chloride-type facies, sodium chloride type facies ,
bicarbonate calcium type facies and sodium bicarbonate type facies. The presence of these facies in the
study area was reported by Rabe and Sandao [8, 9].Sodium bicarbonate types of facies (7) in number are
all located in the continental infill. The other three types are divided into three to four aquifers, reflecting
the importance of hydro-geochemical processes that control the mineralization of these waters. [10]
However the structures fifteen (15) in number with calcium bicarbonate type facies are the most
abundant.

In the Korama aquifer, the presence of calcium bicarbonate facies is related to the presence of [11]
gypsum in the table water, but also depending by the sector, the aquifer wall recent sands of the Korama
is constituted either by calcareous sandstone of the Continental Intercalary, or the Precambrian
basement. [9] In these waters the conductivity values are between 35 and 83uS/cm, it concerns a slightly
mineralized water [12, 13]. The pH are between 4,91et 6.42 pH units, are acidic.

In the Continental Intercalary and terminal aquifers the calcium bicarbonate facies is related to the
dissolution of minerals such as gypsum and limestone present in these aquifers. [11] Continental
Terminal in the correlation coefficient between fluoride ions and Mg / Ca is good (Figure 6) which means
that there is a relationship between the presence of dolomite and the presence offluorspar [14]
solutionization of these minerals is to cause of this type of facies and high levels of fluoride ions and
calcium). In these waters the conductivity values are between 13 and 804 pS/cm, it is about water with a
mineralization ranges from very low to very strong [12, 13]. The pH, between 5.74 4,83et pH units, is
acidic.

In the aquifer base, the conductivity values are between 130 and 2170 uS/cm, it concerns a moderately to
excessively mineralized water [12, 13]. The pH is between7.1 and 7.44 pH units, are neutral to slightly
basic. In these waters the correlation coefficient between fluoride ions and Mg / Ca is quite good (figure:
8) as is the case for example of the aquifer of the Carboniferous of the Moscow basin [15] or for the
Paleocene water table in Senegal [16, 17, 18] Thus there is a relationship between the presence of
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dolomite and the presence of fluorspar [14]. Thus the presence of water with calcium bicarbonate facies
is due to the dissolution of dolomite, but also by the arrival of continental infill waters which is a table
water that uncomfortably overlies the base [9] through multiple cracks of the latter. The high levels of
fluoride ions are linked to the dissolution of fluorspar.

In the Continental Intercalary aquifer facies sodium bicarbonate is related to the presence of a reservoir
layer which is made of calcareous sandstone [19] and sodium chloride salt [11]. The relatively high levels
of chloride ions, sodium and calcium confirm the setting solution of those minerals. In these waters the
conductivity values are between 44 and 1209 pS/cm, it concerns water with a mineralization ranges from
very low to excessively [12, 13]. The pH between 5.95 and 9.06 pH units varies from slightly acid to
alkaline.

In the Continental Intercalary and terminal aquifers the presence of Calcium chloride facies is related to
minerals such as gypsum and sodium chloride salt present in these aquifers [11].
In Continental Intercalary and Terminal aquifers the sodium chloride facies is related to the presence of
sodium chloride salt and silty fraction. The silty fraction comprises minerals such as illite and chlorite.
[20] The relatively high levels of chloride and sodium ions are observed, confirming the dissolution of the
ions from these deposits [10].

The base aquifer being neither consisting of salt or silty fraction, the presence of sodium chloride-water
facies is related to the flow of water exchange with the Continental Intercalary and Terminal aquifer by
natural leakage through multiple fractures of the base [9].The total iron contents observed in the
Continental Intercalary and Terminal, come from the dissolution of the oolitic laterite iron [11],
ferruginous sandstone [21] and siderolithic sandstone [9].

The base formations are covered in the Southern part by sedimentary series and sandy covering deposits
up to the height of the line Matamey - Bande. Following this line, the base formations rise to reappear
along the border of Nigeria and around the city of Zinder. In the part where the base is flushed with the
waters of the Continental Intercalary and terminal receive high levels of fluoride ions from granitoids and
metamorphic formations of the base through its cracks and fractures [9].

Changes in HCO3ions based on CO; + in the waters of the base, the Continental Terminal and the Korama
(Figures 6, 7 and 8) show that these parameters can have the same origin.
Bicarbonate ions are largely derived from the CO; dissolution in water according to the following
equations [10]:

CO2+H20 == H,CO3

H,CO3 = H* +HCO3" Kh2c03=10-6:35

HCOs #?H* +C032  Kpcoz =10-10.25

these ions mainly originate from the dissolution of inorganic carbonates whose presence is demonstrated
in the [11] area.

The calcium source can be related to the dissolution of gypsum whose presence is demonstrated in the
[11] area. This dissolution would also be cause the presence of sulfate ions.
The high levels or contents of nitrate (264 mg / 1) are observed in the aquifer base and the Continental
Terminal (Table I), may be related to the infiltration of waste water from the watering of livestock spaces
located around these structures or irrigable areas, through fractures that contains the base [9], only in
this area the fertilizer are weakly used, suggesting the presence of organic matter in these aquifers but
also by direct introduction of water following the rainy season floods, cemented wells in human motor.

CONCLUSION

Aquifers of the Korama, the Continental Intercalary, Terminal, and base are the main sources of drinking
water that are exploited in the Zinder region.

Relatively high concentrations of parameters such as chloride, fluoride, nitrate, sulfate, bicarbonate and
calcium were observed. These concentrations are related to the dissolution of minerals, the exchange of
water between the different layers across multiple invoices and crack the base and anthropogenic inputs
from the surface in areas where the base is flushed. We distinguish four types of facies: those of calcium
chloride-type, sodium chloride-type of calcium bicarbonate type and sodium bicarbonate type. Sodium
bicarbonate type facies are all located in the continental infill. The three other types of facies are divided
into three to four aquifers, reflecting the importance of hydro-geochemical processes that control the
mineralization of these waters.

This mineralization is mainly due to the dissolution of minerals, anthropogenic contribution and
exchange of water between aquifers.
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