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Abstract: The Quaternary aquifer in N'Djamena region is made up of sand and clay formations. Being
the only aquifer that is exploited by N'Djamena Water Board and other private agencies for both domestic
and industrial uses, it is imperative to be sure of its chemical quality among others. 12 water samples
from boreholes were analyzed for pH, anions and cations in groundwater. pH varies from 5.40 to 7.70.
The range in concentrations, in milligrams per litre, for the ions is as follows:  Na+, 4.00 - 62.00; K+, 2.00
- 11.00; Ca2+, 3.00 - 104.00; Mg2+, 10.00 - 249; HCO3

-, 12.00 - 122; S04
2+, 0.00 - 19.00; N03

+, 0.00 -
83.00; and Cl-, 10.00 - 249. Bicarbonate hazard varies from 0.00 - 0.22 while sodium adsorption ratio
varies from 0.23- 2.66. The groundwater type is predominantly Ca- Mg- Cl- SO4 , but Na- K- Cl- S04

and Ca- Mg- HC03 waters are also present. It is soft to moderately hard. Based on these results the
groundwater is suitable for drinking and it is safe for irrigation.

Key words: Groundwater, Quaternary aquifer, Physical and Chemical Quality, NDjamena, Chad Republic.

INTRODUCTION

A large part of Chad Republic suffers from lack of
water due to its geographical location and also due to
its geology, as about 200, 000 km2 of land area is
underlain by preCambrian crystalline rocks. However,
some reasonable quantity of groundwater is available
from the areas underlain by the sedimentary formations.
At present, four main aquifers have been identified in
the country. These are the Continental Hamadien (an
important aquifer especially in the West African sub-
region), the Continental Terminal, the Lower Pliocene
and lastly, the Quaternary phreatic aquifer. The most
easily exploitable of these is the last named, and
because mean annual rainfall is small, water from this
aquifer is considered for domestic, agricultural and
industrial uses. But in certain locations in Chad water
from the lower aquifers has been found not to be
suitable for all of these uses. For this reason, it is
therefore necessary to assess the quality of the water
from this topmost aquifer for the various uses. This
paper is based on some preliminary data collected for
a broader investigation on the general hydrogeology of
Ndjamena region, sheet ND – 33 IV (Chad). These
data were provided by the Ministry of Water and
Environment on works sponsored by the European
Fund for Development (FED), and they cover the
physical and chemical information on the groundwater
in N’Djamena area.

The Study Area: N’Djamena town is situated mid way

between the northern and southern Chad Republic, at
the extreme west of the country. It is located at 12° N
and 15° E on Chari River, (Fig. 1). This study area
forms an important part of Chad Basin that extends
into northeastern Nigeria. Climatically, the city has a
tropical climate characterized by two seasons. A wet
season from June to September with a maximum
rainfall in August, an annual rainfall of about 500 mm,
and temperatures varying from 20°C and 25°C, and a
dry season characterized by a dry wind coming from
the east between October and May. Maximum
temperature is frequently above 40°C in dry season.

N'Djamena and environs are generally flat with an
altitude of between 293 m and 298 m above mean sea
level. The land slopes gently and generally towards
Lake Chad. The elevation gradually rises as one moves
to the northern and eastern parts away from the Lake.
The main drainage element in the area is River Chari. 

Geology of the Study Area: Sedimentary rocks form
the Tertiary and Quaternary terrains in N'Djamena[1].
The sediments which compose it result from the
accumulation of detrital  materials of variable grain
size carried by rivers and  streams coming from 
massif of Adamaoua (granite) in the south, Tibesti
(extrusive rocks and granite) in the north and Guera-
Mongo-Abou Deia (granite) in the centre. They are
particularly ancient sedimentary terrains that were
eroded and transported to produce alluvium and 
primary sandstone of Borkou-Tibesti-Ennedi and
Ouaddi. The thickness of sediments is variable, being
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thin in the vicinity of massifs but increases
progressively and reaches 400 m away from it.[2]

presents a succession of sedimentary rocks observed 
above the granitic basement in the east of the region
and northeast of N'Djamena as a series dominated by
clay of about 10 m thick in contact with the basement,
a series dominated by sand of about 50 m, a series
dominated by clay of 150 to 200 m and a series
dominated by sand of 50 m to 60 m.

Methodology: Results of a total number of twelve (12)
borehole water samples analysed for their physical and
chemical characteristics were obtained from the
Ministry of Water and Environment. The distribution of
the boreholes is shown on Fig. 2. The pH, conductivity
and total carbonate of each sample were confirmed to
have been measured on the field while analyses for the
ionic composition were carried out in the Ministry of
Water and Environment laboratory in N'Djamena. Then
ionic balance was computed for each sample results to
ensure completeness of analyses before interpretation.
These were found to be generally acceptable as the
sum of the equivalents of the major ions balance
within about 5%. From the results the groundwater was
classified into types using the [3] trilinear diagram, and
the suitability of the water for other uses was
determined by computing bicarbonate hazard [(HCO3 –
(Ca + Mg)], and sodium hazard. The sodium hazard
was based on sodium adsorption ratio as proposed by
the[4].

RESULTS AND DISCUSSION

The results of the physical and chemical analyses
of the water samples are presented in the Table 1. 

The conductivity of the water samples varies
between 50 µS/cm and 1000 µS/cm. The highest
conductivity value of 1000 µS/cm was recorded in
Chari Baguirmi specifically in Al Makbat (sample 5)
while the lowest conductivity (50 µS/cm), was
measured in Hager Lamis (sample 1). The average
conductivity in the area is 366 µms/cm and falls within
the[5] permissible limit.

pH, a measure of acid – base equilibrium, ranges
from 5.40 - 7.70 (slightly acidic to slightly alkaline).
Low level of photosynthesis on account of generally
poor vegetation favours concentration of carbon
dioxide, and is believed to be responsible for the low
pH of some of the samples.

The hardness of the water samples varies from 7
mg/1 to 364 mg/1. Based on the classification proposed
by[6] (Table 2) seventy five (75%) of the water is soft
water, sixteen (16.6%) is moderately hard, while the
remaining (8.3%) is very hard. Therefore the water in
the study area could be described as generally soft to
moderately hard.

The analyzed major cations in the water were Na+,
K+, Ca2+ and Mg2+ while the anions were  HCO3

-, SO4
-,

NO3
-and Cl-. Na+ concentration ranges from 4 – 62

mg/l. The presence of sodium is thought to be the
result of reactions between calcium ions present and
sodium ions adsorbed by clay particles of argillaceous
units of the Quaternary formation. Potassium has low
concentration, 2 – 11 mg/l,  in the samples because it
forms a component of insoluble salts[7] and it is readily
absorbed by argillaceous rocks. Ca2+ ranges from 3 –
104 mg/l. This low level of concentration in a
sedimentary formation is due to the general absence of
carbonate rocks, gypsum or anhydrites as components
of this Quaternary formation aquifer. The quantity of
magnesium in groundwater is generally lower than that
of calcium[8]. This trend can be observed in the results,
Table 1. Although the source of magnesium is similar
to that of calcium, magnesium salts are less soluble
than those of calcium, hence its generally lower
concentration in groundwater.

For the anions, HC03
- ranges from 12 - 122 mg/l.

It is believed to have been derived from dissolved
species of carbonic acid which can exist in
groundwaters at pH below 6[9] especially when carbon
dioxide is available. Sulphate concentration varies from
0 – 19 mg/l. The sulphate in the water could have
been derived from rain water passing through the
atmosphere on contact with dust particles containing
sulphate minerals or from the oxidation of sulphur
dioxide in the soil/aquifer. The concentration of nitrate
is low, ranging from 0 – 83 mg/l. Most nitrate is
known to come from organic sources indicating that
nitrogeneous compounds have been completely
oxidized, and other sources are from industrial disposal
and agricultural chemicals while a minor source is from
nitric oxides produced by lightening discharges.
Pollution of groundwater from these sources is minimal
in this place. Chloride concentration varies from 10 -
249 mg/l. The source of chloride is mainly from rain
water. Chloride concentration is expected to increase
with residence time of the water in the aquifer. The
present concentration may indicate short residence and
hence can be a pointer to the source/rate of recharge to
the aquifer.

The classification of the water based on these
results was attempted using the Piper (1944) diagram
(Fig. 2).  The water types are Ca – Mg – Cl - S04

(66.67%), Na – K – Cl - S04 (25%), and Ca – Mg -
HC03 (8.33%) indicating generally that strong acids
exceed weak acids and, non carbonate hardness exceeds
50%  while non carbonate alkalies exceed 50%. The
water is essentially soft to moderately hard, Table 2.
Generally, the chemical quality of the groundwater falls
within the[5] International Standards for drinking water.
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Fig. 1: Map of the Study Area showing Sample Locations.
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Fig. 2: Piper Trilinear Diagram of Groundwater Types in N’Djamena Region

Table 1: Physical and Chemical Characteristics of Groundwater in N’Djamena Region
S/No. Location Conduct-ivity pH Total Na+ K+ Ca2+ Mg2+ HCO3

- SO4
2- NO3

- Cl-

(Lat/Long) (µS/cm) Hardness
1 12o 05’ 53” N 50 5.40 7.0 19.0 2.0 4.0 2.0 36.0 0.0 0.0 85.0

15o 17’ 44” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2 12o 03’ 55” N 110 5.60 9.0 4.0 4.0 7.0 4.0 18.0 3.0 9.0 28.0

15o 43’ 39” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3 12o 03’ 16” N 154 6.40 16.0 6.0 6.0 7.0 4.0 18.0 1.0 19.0 38.0

15o 45’ 26” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4 12o 05’ 29” N 66 5.90 8.0 10.0 5.0 3.0 1.0 12.0 0.0 8.0 49.0

15o 42’ 23” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5 12o 08’ 21” N 1000 6.50 25.0 62.0 11.0 18.0 14.0 38.0 8.0 23.0 249.0

15o 36’ 09” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6 12o 08’ 52” N 510 7.40 80.0 24.0 7.0 72.0 54.0 122.0 4.0 14.0 71.0

15o 31’ 55” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7 12o03’ 24” N 136 6.40 9.0 4.0 8.0 6.0 3.0 24.0 5.0 7.0 18.0

15o 36’ 25” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8 12o 06’ 18” N 610 7.10 71.0 26.0 9.0 49.0 38.0 16.0 0.0 19.0 19.0

15o 29’ 01”E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9 12o 10’ 20” N 280 7.20 41.0 18.0 4.4 27.0 19.0 18.0 0.0 10.0 36.0

15o 48’ 43” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 12o 10’ 42’ N 810 7.50 364.0 27.0 4.0 104.0 97.0 18.0 19.0 83.0 112.0

15o 48’ 24” E
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Table 1: Continue
11 12o 13’ 32” N 420 7.70 7.70 33.0 6.0 19.0 13.0 12.0 8.0 22.0 16.0

15o 48’ 14” E
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 12o 00’ 17” N 240 7.20 31.0 9.0 2.0 25.0 19.0 16.0 7.0 9.0 10.0

15o 50’ 04” E

Table 2: Groundwater Classification, (After Hem, 1970)
Hardness Ca + Mg carbonate (ppm) Water classification Result (%)
0 – 60 Soft water -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
61 – 120 Moderately hard -
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
121 – 180 Hard 53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
>180 Very Hard 47

Table 3: Bicarbonate Hazard and Sodium Hazard of Groundwater in N’Djamena Region
S/No. Bicarbonate Hazard Sodium Hazard
1. 0.22592 1.9370
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2. 0.00 0.2987
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3. 0.00 0.4481
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4. 0.00 1.2773
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
5. 0.00 2.6640
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6. 0.00 2.0043
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7. 0.00 0.3329
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8. 0.00 0.6777
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9. 0.00 0.6484
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10. 0.00 0.4577
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11. 0.00 1.4293
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12. 0.00 0.3303

The suitability of water for other uses was checked
by computing bicarbonate hazard and sodium hazard.
Bicarbonate hazard calculated ranges from 0.00 to 0.23
meq/l as negative values are recorded as zero, and
those of the sodium hazard range from 0.2978 –
2.6640 (Table.3). On the basis of bicarbonate hazard
(less than 1.25 meq/l), the water is suitable for
irrigation[10]. The low values of sodium adsorption ratio
(less than 10.0) means that the water is suitable for
irrigation, and the water is of medium salinity (250 –
750 mmhos/cm) except for samples 5 and 10. 

Conclusion: This study has shed some light on the
chemical quality of groundwater in Ndjamena area. Ca
– Mg – Cl -  SO4, Na – K - Cl – SO4, and Ca – Mg
– HCO3 waters are present in the area. The water is
soft to moderately hard and it is therefore suitable for
drinking. The water is also suitable for irrigation
because of its low sodium hazard and the low

bicarbonate associated with low salinity.
This paper provides the present status of chemical

quality of groundwater in this area and this can also
serve as baseline information for future work. But,
because the Quaternary aquifer is generally phreatic it
is necessary that in future bacteriological quality as
well as minor or trace elements such as lead, arsenic,
cynide, cadmium, mercury and selenium from
anthropogenic sources be investigated too. According
to Pano et al. in[11] the groundwater type, CaMgHCO3

, with low concentration of Cl and fairly low SO4

indicate rapid recharge from the surface, that is,
rainfall. But the predominant water type here is the
CaMgClSO4.Therefore, recharge to the aquifer from
rainfall is low and so water abstraction from this
aquifer should be regulated. It will also be useful to
determine the total dissolved solids for the groundwater
in future to enable the estimating of rate of recharge.
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