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Summary 

Keywords: Lake Chad Basin, Drinking Water, Microbial Analysis, Enterococci, Escherichia 
Coli 

 

In May to June 2013, during the dry season, the LCBC-BGR project carried out groundwater 
analysis of 52 boreholes equipped with hand pumps located within the city of N’Djamena. 
Furthermore, raw water of 13 boreholes of the local water supply company (STE) was tested. 
Main purposes of the sampling campaign were capacity building in microbial analysis of 
LCBC staff in the Lake Chad Basin and analysis of the aptitude of groundwater within 
N’Djamena to be used as drinking water. The latter covers the core question of the Joint 
Monitoring Program (JMP) of the World Health Organisation (WHO) and United Nation 
Children’s Fund (UNICEF), which aimed to evaluate the Millennium Development Goal N° 
7C: to halve the proportion of people without sustainable access to safe drinking water and 
basic sanitation by 2015. 

The investigation revealed that 40% of the 52 boreholes equipped with hand pumps, 
classified by the JMP as improved sources, are contaminated by faecal bacteria (E. coli 
and/or enterococci). Furthermore, 23% of the raw water sampled from STE, which distribute 
water to the households, contained faecal bacteria.  

Besides microbial contamination, some of the 65 samples show also high concentrations of 
nitrogen compounds, either nitrite (23%), ammonium (17%), and/or nitrate (4.6%), which are 
also an indicator for human induced pollution. According to the drinking water standard of the 
WHO the level of nitrate and nitrite in drinking water should not exceed 50 mg/l and 0.2 mg/l 
for long term exposure, respectively. High nitrate and nitrite concentrations are considered to 
cause death by asphyxia in infants due to methaemoglobinaemia. Furthermore, they are also 
considered as carcinogenic by long-term exposure. In N’Djamena four samples show 
elevated nitrate concentration between 25 mg/l and 50 mg/l but do not exceed the WHO limit. 
However, the nitrite concentration, which is more potent than nitrate with respect to 
methaemoglobinaemia, exceeds the limit for long term exposure in 25 % of the boreholes.  

High fluoride concentration in drinking water is another health hazardous component by long 
term exposure. It can cause dental fluorosis and skeletal osteoporosis. As already shown in 
other groundwater quality studies in the Lake Chad Basin (refer to Chapter 5.1.8), serious 
risk due to high fluoride concentration exist. In N’Djamena 40% of the samples show 
elevated fluoride concentration above 0.5 mg/l, but none of them exceeds the WHO limit of 
1.5 mg/l. 

A health risk due to high concentration of heavy metals such as aluminium, arsenic, lead, 
cadmium, copper, nickel, zinc was not detected in the drinking water. Nevertheless, 44.6% 
samples show high concentrations of iron (>0.3 mg/l) and/or manganese (>0.2 mg/l), which 
produces bad tasting of water, staining of laundry and clogging of pipes.  

Upon the results of this study, it is highly recommended to the national authorities, STE and 
LCBC, to propagate a better management and protection of the tubewells providing drinking 
water in N’Djamena as well as protection of groundwater against pollution. Furthermore, a 
sensitisation of the population in domestic water treatment, sanitation and hygiene 
improvement for reducing the health risk, is highly recommended.  
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1 Introduction 

The program “Sustainable Water Management of the Lake Chad Basin” is a technical 
cooperation program between the Lake Chad Basin Commission (LCBC) and the German 
Federal Ministry for Economic Cooperation and Development (BMZ). The program consists 
of three different components: “organisation development” and “climate change adaptation” 
performed by the GIZ and “groundwater management” executed by the Federal Institute for 
Geosciences and Natural Resources (BGR). 

The main goal of the BGR project is to strengthen the analysis and monitoring functions of 
the LCBC regarding groundwater and surface water in the basin. The technical cooperation 
started in 2007 with a first project that lasted until June 2011. The second project started in 
September 2011 and ended in December 2014. 

In order to improve the knowledge of the LCBC regarding groundwater quality in the Lake 
Chad Basin, the projects performed data collections and analyses in different regions of the 
Republic of Chad and Cameroun. This report concerns the drinking water analysis conducted 
from May to June 2013 in N’Djamena, the capital of Chad, with a focus on microbial 
contamination. It has been envisioned as case study for future analyses in the Lake Chad 
Basin. 

The Millennium Development Goal N° 7C aims to halve the proportion of people with no 
access to safe drinking water by the end of 2015. In order to measure this target, the World 
Health Organisation (WHO) and United Nation Children’s Fund (UNICEF) developed the 
Joint Monitoring Program (JMP) for Water Supply and Sanitation. The JMP has classified 
water sources in ‘unimproved’ and ‘improved’ as an interim measure for the drinking water 
safety (see Table 1). According to this table, the 65 tubewells or boreholes measured during 
this study are thus considered as ‘improved’ sources and should be counted as safe drinking 
water source. Unfortunately, this type of classification evaluates the access to types of water 
sources, but not to the quality of water sources. In compliance with the WHO, ‘safe’ means 
‘no significant risk to the health over a lifetime of consumption’ (WHO, 2011). 

Table 1 Classification of improved and unimproved sources of drinking water for the JMP developed 
by WHO and UNICEF (WHO and UNICEF, 2006). 

“Improved” sources of drinking-water “Unimproved” s ources of drinking-water 
Piped water into dwelling , also called a household 
connection, is defined as a water service pipe connected 
with in-house plumbing to one or more taps (e.g. in the 
kitchen and bathroom). 

Unprotected spring . This is a spring that is 
subject to runoff, bird droppings, or the entry of 
animals. Unprotected springs typically do not 
have a “spring box”. 

Piped water to yard/plot , also called a yard connection, is 
defined as a piped water connection to a tap placed in the 
yard or plot outside the house. 

Unprotected dug well . This is a dug well for 
which one of the following conditions is true: 1) 
the well is not protected from runoff water; or 2) 
the well is not protected from bird droppings and 
animals. If at least one of these conditions is 
true, the well is unprotected. 

Public tap or standpipe is a public water point from which 
people can collect water. A standpipe is also known as a 
public fountain or public tap. Public standpipes can have one 
or more taps and are typically made of brickwork, masonry 
or concrete. 
Tubewell or borehole  is a deep hole that has been driven, 
bored or drilled, with the purpose of reaching groundwater 
supplies. Boreholes/tubewells are constructed with casing, 
or pipes, which prevent the small diameter hole from caving 
in and protect the water source from infiltration by run-off 
water. Water is delivered from a tubewell or borehole 
through a pump, which may be powered by human, animal, 
wind, electric, diesel or solar means. Boreholes/tubewells 
are usually protected by a platform around the well, which 
leads spilled water away from the borehole and prevents 
infiltration of run-off water at the well head. 

Cart with small tank/drum . This refers to water 
sold by a provider who transports water into a 
community. The types of transportation used 
include donkey carts, motorized vehicles and 
other means. 
Tanker -truck.  The water is trucked into a 
community and sold from the water truck. 
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“Improved” sources of drinking-water “Unimproved” s ources of drinking-water 
Protected dug well  is a dug well that is protected from 
runoff water by a well lining or casing that is raised above 
ground level and a platform that diverts spilled water away 
from the well. A protected dug well is also covered, so that 
bird droppings and animals cannot fall into the well. 

Surface water  is water located above ground 
and includes rivers, dams, lakes, ponds, 
streams, canals, and irrigation channels. 

Protected spring . The spring is typically protected from 
runoff, bird droppings and animals by a “spring box”, which is 
constructed of brick, masonry, or concrete and is built 
around the spring so that water flows directly out of the box 
into a pipe or cistern, without being exposed to outside 
pollution. 

 

Bottled water  is considered an improved source of drinking-
water only when there is a secondary source of improved 
water for other uses such as personal hygiene and cooking. 
Production of bottled water should be overseen by a 
competent national surveillance body. 

 

Rainwater refers to rain that is collected or harvested from 
surfaces (by roof or ground catchment) and stored in a 
container, tank or cistern until used. 
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2 Principle of using faecal indicator organisms for  the microbial analysis of drinking 
water 

Drinking water should be adequate and safe for human consumption in order to minimize 
risks for the public health due to e.g. pathogens. It is commonly known that several illnesses 
like typhoid, enteritis, cholera, hepatitis, giardiasis and diarrhoea are caused by the infection 
with bacteria, virus, protozoa and parasites living/surviving in water.  

Up to now, it is technological impossible to detect all these pathogens in real time and in an 
economical reasonable manner but since most of the pathogens reach water due to faecal 
contamination, water which is not in contact with animal and/or human faeces should not 
have pathogens transmitted by faeces. 

Within the microbial drinking water analysis the principle of faecal indicator organisms has 
been established. That means that specific indicator bacteria which denote faecal 
contamination are representative for other microorganism. Several criteria for these faecal 
indicator organisms exist. They should be: 

• part of the normal intestinal flora of humans and animals 
• non reproductive outside of the digestive tract 
• more resistant in nature and against disinfection than pathogens 
• present in higher numbers than pathogens in contaminated water 
• in good correlation with pathogens 
• analysed in an easy, rapid and inexpensive manner 
• accurately interpreted in a quantitative manner 

So far, no indicators where found which fulfil the complete list of criteria. But some of the 
organisms satisfy the criteria sufficiently and thus have been used for several years now. The 
most commonly bacterial indicators of sewage contamination are:  

• total coliforms,  
• faecal coliforms,  
• Escherichia coli, and  
• Enterococci.  

2.1 Total Coliform 

Total Coliform bacteria are defined as gram-negative, non-sporing bacteria which can be 
found universally in large numbers, in soil and vegetation as well as the faeces of warm-
blooded animals, including humans (WHO, 2011). 

The following bacteria belong to the genera of coliform bacteria: 

• Escherichia- source: human and animal faeces 
• Enterobacter- source: environment 
• Klebsiella- source : environment 
• Citrobacter- source : environment 
• Serratia- source : environment 

2.2 Thermotolerant Coliform 

Thermotolerant Coliforms, also described as faecal coliforms, are a subset of the coliform 
group. They are defined as coliform bacteria that can grow at 44.5°C. They consist of the 
following species: 

• Escherichia coli 
• K. pneumoniae 
• Enterobacter spp. 
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Although faecal coliforms are predominantly found in the intestinal tract of humans and other 
warm-blooded animals, they constitute a mixed group of organisms and some of the bacteria 
in this group can be derived from other environmental sources. They may also multiply in 
water on occasions to give a false impression of faecal contamination (WHO, 2011). 

2.3 Escherichia Coli (E. coli) 

Escherichia coli (E. coli) are rod-shaped bacteria from the family Enterobacteriaceae which 
are commonly found in the intestines of warm blooded animals including humans. It is 
relatively straightforward and inexpensive to measure. Unlike the general coliform group this 
bacteria does not occur naturally in soil and vegetation. It is almost exclusively found in 
faecal matter and thus, when found in water, an effective confirmation of faecal 
contamination. It can survive for up to four to six weeks in untreated river water (temperature 
and nutrient availability dependent) and is thus a definite indication of recent faecal 
contamination (Flint, 1987). 

E. coli bacteria can be distinguished from most other coliforms by its ability to ferment lactose 
at 44°C and by its growth and colour reaction on certain types of culture media. As 
mentioned before most strains of E. coli are not harmful themselves, but they can act as 
carriers of micro-organisms which cause human diseases. It is unlikely that E. coli multiplying 
in water, except under some specific tropical and sub-tropical conditions, so that the number 
detected can be interpreted quantitatively (MFE, 2009 and Ashbolt et al., 2001). 

The advantage of using E. coli instead of faecal coliforms as an indicator of human health 
risk is that certain strains of coliforms (klebsiella, enterobacter and citrobacter), which are 
derived from vegetative sources, are able to grow under the conditions defined for 
thermotolerant coliforms (faecal coliforms). Hence, total faecal coliform count can be very 
high even when the actual pathogenic disease risk, as indicated more specifically by the 
E. coli count, is below guideline levels (MFE, 2009). 

2.4 Enterococci 

Enterococci are intestinal bacteria of humans and animals and belong to the family of 
streptococcaceae placed within the order of lactobacillales. They are gram-positive bacteria 
that often occur in pairs or short chains. They are capable of cellular respiration in both 
oxygen-rich and oxygen-poor environments. Furthermore, they are tolerant of a wide range 
of environmental conditions: extreme temperature (10-45°C), pH (4.5-10.0) and high sodium 
chloride concentrations, thus they are capable to survive in salt water (WHO, 2011). 

Due to excretion they can reach the environment where they can trigger severe wounds, 
meningitis and urinary tract infections, especially in humans with a weak immune system.  

Since enterococci are more resistant against disinfection and other environmental impacts 
than E. coli, the detection of enterococci may indicate faecal contamination which dates back 
much further.  

To sum up, total coliform, E. coli and enterococci have been analysed to indicate the present 
of faecal contamination (Ashbolt et al., 2001). According to the WHO all three bacteria should 
be absent in drinking water. 
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3 Study Area 

3.1 Location of the study area 

The study area covers the city of N’Djamena, the capital of Republic of Chad which is located 
south of Lake Chad between latitude 12° and 12.2° North and longitude 14.9° and 15.13° 
East (Figure 1) at the confluence of Chari and Logone River. N’Djamena is populated by 
around 1,174,531 habitants in 2012 (STE, 2013). According to the STE, 30% of the 
population of N’Djamena are connected to piped household water providing drinking water 
extracted by 22 boreholes, which are maintained by the STE (STE, 2013). Except one 
borehole, all are exploiting the Quaternary aquifer in a depth of up to 60 m. The raw water 
extracted by these wells is treated with calcium hypochlorite (Ca(ClO)2) before distribution in 
the pipeline connecting the households. Nevertheless, treatment equipment often fails to run 
due to power outage. Often the demand is too high and there is not sufficient time available 
for an effective treatment before distribution. Furthermore, the distribution system of the STE 
in some areas is rather old and the loss of water due to leakage in 2012 counted up to 20% 
(STE, 2013). 

The population, which has no piped household connection gains its drinking water mainly 
from tubewells equipped with manual pumps. These tubewells are drilled more or less 
uncontrolled either in private yards or in public areas (streets, places, and schools). Often 
they do not respect positioning regarding latrines, they are not properly constructed, and they 
are drilled generally to a shallow depth of about 20-40 m. 

N’Djamena city does not have a functioning public sewer system. Water from toilets is 
directed to traditional latrines which, due to economic reasons, are often constructed without 
any proper casing to impede the contamination of groundwater with faecal bacteria. This 
contamination and poor hygiene practices of the population cause serious diseases like 
diarrhoea, amoebiasis, typhoid, cholera and hepatitis A and E. Statistics from 2004 reveal that 
16.7% of the deaths were linked to the water, sewage and hygiene sector (Abdel-Nassir Cherif, 
2012). Furthermore, greywater from households is often directly poured into little trenches or 
fosses, which are located close to properties. This untreated greywater infiltrates, evaporates or 
accumulates in ponds of different sizes, detectable all around the city. Besides, a canal with a 
length of approximately 10 kilometres, locally known as Bouta d’ardebdjoumal, which is located 
in the city centre along a north-south axis, receives untreated sewage and greywater from 
households and industries. 
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Figure 1 Location of the study area in the Lake Chad Basin. 

3.2 Climate 

The climate in N’Djamena responds to two climatic driving forces: the Harmattan, a dry wind 
coming from the north, and the West African monsoon from the south. This leads to a 
sahelo-sudanian climate in the study area, which is characterised by a rainy season from 
June to end of September and a dry season that lasts from October to May (Figure 2). The 
annual average precipitation from 1980 to 2010, measured at the meteorological station at 
N’Djamena airport (latitude 12.3 North and longitude 15.03 East) is 580 mm. 

 
Figure 2 Long-term monthly average precipitation in the study area (1980-2010). 
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Figure 3 presents the long-term monthly average temperature for the period 1991 to 2003 in 
N’Djamena. The annual long-term average temperature is 28°C with a maximum value of 
33.5°C in April and minimum value of 23.4°C in January (Kadjangaba, 2007). 

 
Figure 3 Monthly average temperatures from 1991-2003 in the study area in Kadjangaba (2007). 

3.3 Geological Settings 

N’Djamena is located within the Lake Chad Basin in the Chari-Baguirmi region. In the 
following only a summary of the lithological aspects in the study area is given. For more 
information refer to BRGM (1988), Schneider et al. (1992) and Daïra (2000). Figure 4 shows 
a geological profile of the Lake Chad Basin illustrating the lithology that can be encountered 
in the area of N’Djamena. 

 
Figure 4 Geological profile from the Lake Chad Basin from Rig Rig in the North of Lake Chad to Goré 

(southern Chad) (Source: Schneider & Wolff, 1992). 

The depth to the bedrock in N’Djamena cannot be exactly determined since the deepest 
borehole realised in 1950 (with a depth of 356 m) did not attain the basement. However, with 
the help of seismological studies it has been estimated at around 550 m (BRGM, 1988). The 



oldest and deepest known sedimen
(Oligocene/Miocene) composed of sandstone 
Baguirmi, has a thickness of 80
River in Cameroon, the Continental Terminal has a thickness of about 200
to two succesive settings (Kushnir, 1993)

• 100 m of series of clayey sandstone intercalated with three different kind of sands an
• about 100 m detrital series of sandstone

Overlying the Continental Terminal
encountered. It is composed of 
composed of sands, but interbedded with sandy clay
a unpermeable massive layer of clays 

The uppermost layer is composed of Quaternary sands
in N’Djamena. 

Eight lithological profiles (Figure 
aquifer in the West and East 
Figure 7) show alternating sand and cl
presence of intermediate facies
thickness of the upper clay layer 
recharge of the underlying aquifer 

Figure 5 Borehole logs from N’Djamena
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oldest and deepest known sedimentary layer above the bedrock is the Continental Terminal 
(Oligocene/Miocene) composed of sandstone that, according to some boreholes in the Chari

ness of 80 m to 100 m. But, in N’Djamena on the other side of the Chari 
the Continental Terminal has a thickness of about 200

(Kushnir, 1993) as follows:  

m of series of clayey sandstone intercalated with three different kind of sands an
m detrital series of sandstone 

the Continental Terminal, the Lower Pliocene of several meter thickness 
is composed of fluvio-lacustrine sands. The overlying Middle Pliocene 

interbedded with sandy clay and the Upper Pliocene 
massive layer of clays with 200 to 300 m of thickness.  

The uppermost layer is composed of Quaternary sands with a thickness of 

Figure 5 and Figure 6) of boreholes drilled in 
st of N’Djamena (see locations indicated with BH in the map of 
sand and clay layers to a depth of up to 60-75
facies (sandy loam or loamy sand). A spatial variation of the 

thickness of the upper clay layer between 2 to 20 m can play an important role for the 
uifer and the protection of the groundwater.  

Borehole logs from N’Djamena (in Schneider & Wolff, 1992)

Continental Terminal 
according to some boreholes in the Chari-

the other side of the Chari 
the Continental Terminal has a thickness of about 200 m corresponding 

m of series of clayey sandstone intercalated with three different kind of sands and 

of several meter thickness is 
Middle Pliocene is also 

he Upper Pliocene is composed of 

with a thickness of some 60 to 70 m 

boreholes drilled in the Quaternary 
see locations indicated with BH in the map of 

75 m as well as the 
spatial variation of the 

can play an important role for the 
 

 
, 1992). 



Figure 6 Borehole logs from N’Djamena

3.4 Hydrogeological Settings

The Quaternary is an unconfined regional aquifer of medium to fine sands which are locally 
interlaid by clay leading to superposed aquifers of semi
Kadjangaba (2007) mentioned
an impermeable to semi-impermeable 
by traditional wells, whereas 
tubewells. This clay layer was
thickness of up to 40 m (BRGM
from STE and F21 in Schneider
intermediate clay layer (Figure 
lower aquifer mentioned by Kadjangaba
from the upper and lower Quaternar

Information about the hydrogeological characteristics 
coefficient of the Quaternary aquifer 
regionally for the upper aquifer in
(UNESCO/UNDP, 1970). After this 
1.3x10-3 m²/s and the storage coefficient is about 0.14
aquifer. However, the hydrogeological characteristics of
measured in 1967 at six boreholes 
(Kadjangaba, 2007) show transmissivities between 3.1x10
storage coefficient between 4x10

Former groundwater flow studies in N’Djamena can be found 
Kadjangaba (2007) and Daïra
water table close to the banks
northwards to approximately 16
aquifer in N’Djamena is recharged 
precipitation during the rainy season. 
revealed seasonal fluctuation
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Borehole logs from N’Djamena. Data provided by STE in 2014

Settings  

The Quaternary is an unconfined regional aquifer of medium to fine sands which are locally 
interlaid by clay leading to superposed aquifers of semi-confined character.

mentioned that the entire Quaternary aquifer in N’Djamena
impermeable clayey layer into a superficial aquifer

 the underlying lower aquifer is exploited by boreholes and/or 
was locally detected at a depth of around 20

BRGM, 1967). However, three geological profiles 
chneider & Wolff (1992) do not confirm the presence

Figure 5 and Figure 6). Thus, the separation in 
Kadjangaba (2007) exists only locally and an exchange of waters 
uaternary aquifer can be assumed.  

the hydrogeological characteristics like transmissivity and storage 
uaternary aquifer in N’Djamena is rare. They have been 

aquifer in a former study conducted in the Lake Chad Basin 
. After this study the transmissivity value lies between 2x10

orage coefficient is about 0.14, which indicates a
However, the hydrogeological characteristics of the deeper quaternary layers 

measured in 1967 at six boreholes (Schneider et al., 1992) and in 1991 at five boreholes 
show transmissivities between 3.1x10-3 m/s and 5.5x10

storage coefficient between 4x10-4 and 10-3 that corresponds to a confined aquifer.

Former groundwater flow studies in N’Djamena can be found among others 
ra (2000) and in the study conducted by BRGM (1988)

close to the banks of the Chari River is about 7 m below surface
to approximately 16 m below surface. Furthermore, it has been 

recharged mainly by the Chari River and by the infiltration of 
precipitation during the rainy season. Water table observations near the river 
revealed seasonal fluctuations of 2-4 m, whereby at a distance of 3.4 

 
provided by STE in 2014. 

The Quaternary is an unconfined regional aquifer of medium to fine sands which are locally 
confined character. By contrast, 

in N’Djamena is divided by 
clayey layer into a superficial aquifer, which is tapped 
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the presence of an 
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transmissivity and storage 
. They have been estimated 

in the Lake Chad Basin 
the transmissivity value lies between 2x10-4 and 

which indicates an unconfined 
the deeper quaternary layers 
and in 1991 at five boreholes 

and 5.5x10-2 m/s and a 
to a confined aquifer. 

among others in the thesis of 
BRGM (1988). Mean 

m below surface, increasing 
has been shown that the 

by the infiltration of 
near the river (~200 m) 

 km from the Chari 
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River almost no fluctuations were observed. Groundwater flow in the north-eastern border of 
N’Djamena is from northeast to southwest towards the centre of the city, where a 
groundwater depression is located. However, starting from the river in the southern border of 
the city, a south-west to north-east direction could be indicated (Figure 7). Here groundwater 
flows also towards the depression zone. 

 
Figure 7 Groundwater flow in N’Djamena created from average water level data (2001 to 2004) which 
were taken from Kadjangaba (2007).  

Kadjangaba (2007) reported that three types of groundwater could be detected in N’Djamena 
from samples taken in open wells and tubewells distributed over the city. Most of the 
groundwater is of bicarbonate-calcium type with an electrical conductivity that varies between 
197 µS/cm and 1,535 µS/cm and sometimes elevated concentrations of nitrate, chloride, and 
potassium. The second group is of bicarbonate-sodium and potassium type, which was 
detected near the canal, the river and some points arbitrary distributed over the city area. 
They show an electrical conductivity between 172 µS/cm and 2,450 µS/cm whereby the 
majority of high values are detected in open wells. The electrical conductivity in tubewells 
varied between 205 µS/cm and 540 µS/cm.  

The pH-values measured for tubewells vary between 6.88 and 7.35 (Kadjangaba, 2007). 
Besides the chloride and nitrate contaminations, mainly due to a missing sewer system and 
agricultural practices, it was also reported that some measurement points showed elevated 
concentrations of heavy metals (mercury, barium, manganese, nickel) that exceed the 
suggested limit for drinking water of the WHO. These high concentrations are caused by 
metals, tanneries, thermometers and batteries, which are arbitrary thrown away due to 
missing facilities for waste disposal. 
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4 Materials and Methods 

During a 13 day field campaign that took place between May and June 2013, 65 water points 
have been visited. Except one water sample (NDJ 38 from a deeper STE borehole that taps 
the Upper Pliocene) all samples correspond to the Quaternary aquifer (Figure 8). Sample 
points with coordinates are listed in Annex 1. 

 
Figure 8 Sample locations for microbial and chemical analysis of drinking water in N’Djamena.  

4.1 Chemical Analysis 

Samples for complete anion and cation species were taken in 250 ml and 100 ml acidified 
PET-bottles, respectively. Samples for stable isotopes (18O) and deuterium (2H) were also 
taken, but their interpretation is not part of this report. The complete anion and cation 
analyses and heavy metals have been done by the BGR laboratory in Hanover. Analyse 
methods are listed in Annex 2.  

In situ parameters such as pH, temperature [°C], electrical conductivity [µS/cm], dissolved 
oxygen [mg/l] and HCO3

- [mg/l] were measured by means of a flow cell in order to reach 
laminar flow and avoid contact of groundwater with oxygen (Figure 10). The parameters were 
calculated by means of a titration apparatus (Figure 9) and digital multi-sensor set (WTW-
Multi 3430) (Figure 11) with the following sensors: 

• pH, temperature: Sentix 940 
• specific electrical conductivity: TetraCon 925 
• Oxygen: FDO 925 

The coordinates of hand-dug wells and boreholes from the STE were registered by a hand 
held GPS. 
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Figure 9 Titration of inorganic carbon species in the field (Photo: Seeber, 2013). 

 
Figure 10 Flow cell used for the measurements 
of in-situ parameter (Photo: Seeber, 2013). 

 
Figure 11 Installation of the flow cell at a tubewell 
in N’Djamena and measurement of in-situ 
parameters with the sensor set WTW-Multi 3430 
(Photo: Seeber, 2013). 

4.2 Microbial Analysis 

The LCBC-BGR project provided the LCBC with IDEXX Quanti-Tray equipment in order to 
perform microbial analysis of drinking water. 

To avoid contamination of the sample equipment, disposable gloves and disinfection fluids 
were used during sampling and sample preparation. All outlets were sterilised by a flame 
before sampling into non-refillable sterile 100 ml PET-bottles (see Figure 12 and Figure 13). 
The bottles were analysed the same day for total coliform, E. coli as well as enterococci with 
the IDEXX Colilert-18 and Enterolert Test Kits in the laboratory of the LCBC in N’Djamena.  
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Figure 12 Sterilisation of the outlet of a tubewell 
by a flame before sampling for microbial analysis 
(Photo: Seeber, 2013).  

 
Figure 13 Sampling for microbial analysis in 
sterile non-refillable 100 ml bottles (Photo: 
Seeber, 2013). 

4.2.1 IDEXX Colilert-18 and Enterolert System 

Colilert-18 detects either simultaneously total coliforms and Escherichia Coli or faecal 
coliforms in water. Enterolert detects enterococci, such as E. faecium and E. faecalis. One 
pack of the specific substrates (Colilert-18 or Enterolert) is added to a 100 ml water sample 
and shaken until it is dissolved. These substrates suppress the occurrence of other bacterial 
flora during the incubation and make this method more robust.  

When coliform bacteria metabolise Colilert-18’s nutrient-indicator ONPG (o-Nitrophenyl-β-D-
Galaktopyranosid) into the yellow o-Nitrophenol and ß-D-Galaktopyranosidrest, the sample 
turns yellow (see Figure 14). The additional substance MUG (4-Methylumbelliferyl-β-D-
Glucuronide) present in the substrate can be only metabolise by E. coli with ß-Glukuronidase 
in ß-D-Glucuronide and the under UV-light fluoresces enzyme 4-methyl-umbelliferon (see 
Figure 15). Colilert-18 can simultaneously detect coliform total and E. coli at 1 cfu/100ml 
within 18 hours incubation at 35°C+-0.5°C. 

 

Figure 14 Principle of metabolisation of Colilert-
18’s nutrient-indicator by coliform bacteria. 

 

Figure 15 Principle of metabolisation of Colilert-
18’s nutrient-indicator by E. coli bacteria. 

When enterococci utilise their ß-glucosidase enzyme to metabolise Enterolert’s nutrient-
indicator to 4-methyl-umbelliferyl ß-D-glucoside, the sample fluoresces. Enterolert detects 
enterococci at 1cfu/100ml sample within 24 hours incubation at 41°C+-0.5°C. 
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4.2.2 IDEXX Quanti-Tray Enumeration Procedure 

To quantify coliform total, E. coli, and enterococci bacteria, the IDEXX Quanti-Tray-System 
was used. It is based on plastic components with hollows which take up the mixture of water 
sample and nutrition-indicator (see Figure 16). After sealing the plastic bags (Figure 17) and 
subsequently incubation the single compartments in which a colour change or which 
fluoresces can be counted and the amount of coliform total, E. coli or enterococci can be 
determined by MPN “most probable number”. Dependent on the hollows in the plastic bag 
counts up to 200 in 100 ml or 2419 in 100 ml without dilution can be determined (Figure 18 
and Figure 19). 

 
Figure 16 Filling up mixture of sample and 

specific substrate into Quanti-Tray plastic bags. 

 
Figure 17 Seal the Quanti-Tray in the Quanti- 

Tray Sealer before incubate sample. 

 

 
Figure 18 Count positive wells (yellow) for total 

coliform and refer to MPN table. 

 
Figure 19 Count fluoresce wells for E. coli and 
enterococci under 365nm UV light and refer to 

MPN table. 

The sample needs incubation over 18/24 hours before analysis. During incubation very often 
power outage occurred so that a generator had to be used as electricity supply. 
Unfortunately, with the use of the generator it was difficult to get a stable temperature of the 
incubator probably caused by voltage fluctuation. This unstable temperature may have 
influenced the results of the microbial analysis.  
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5 Results and Interpretation 

5.1 Hydrogeochemical Water Analysis 

Water sampling was performed at 65 points. All points except one borehole of the STE (NDJ 
38) extract water from the Quaternary Aquifer. For the analysis and interpretation only 
groundwater from the Quaternary aquifer was considered (n=64). Descriptive statistics 
measurements like average, minimum, maximum and standard deviation of the analysed 
parameters are reported in Annex 3. Additionally, the World Health Organization drinking 
water standard limits are listed. Furthermore, two rain water samples from July and August 
2014 in N’Djamena and one surface water sample from Chari River at N’Djamena TP 
discharge station (longitude 15.033° East and latitude 12.1173° North), sampled in 
September 2013, are included in the interpretation. Analyses results are presented in Annex 
4- 

5.1.1 Total Dissolved Solids (TDS) 

Total dissolved solids (TDS) indicate the mineralisation of the water and comprised inorganic 
salts and small organic matter dissolved in water. The palatability of water with TDS values 
of less than about 1,500 mg/l is generally considered to be good; drinking-water becomes 
increasingly unpalatable at TDS levels greater than about 1,500 mg/l.  

Although higher TDS values do not seem to cause any health problems, the WHO suggests 
drinking water (classified as fresh water) not to have more TDS than 1,500 mg/l.  

Within the study area the TDS concentrations of the Quaternary aquifer vary between 
134 mg/l and 757 mg/l with an average value of 330 mg/l. No value above 1,500 mg/l was 
detected. The sample points NDJ 28 and NDJ 53 located in Diguel (8th district) show slightly 
elevated TDS of 646 mg/l and 757 mg/l, respectively. NDJ 28 is located near an urban trench 
filled by garbage and sewage and thus may be influenced by it. 

Figure 20 demonstrates that TDS concentrations in the study area correlate well with 
bicarbonate (HCO3

-) concentrations meaning that TDS are mainly caused by this ion. 

 
Figure 20 Correlation of TDS with bicarbonate 
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5.1.2 Piper Diagram 

Water hydrochemistry can be rapidly interpreted by means of a Piper diagram (PIPER, 
1944). This graph visualises major cation and anion contents as triangles on the left and 
right, respectively. The rombus in the centre of the picture represents the composition of both 
anions and cations. The diagram also enables to classify the type of water.  

Chari River water in the Lake Chad Basin, and thus recharge water, is of calcium magnesium 
bicarbonate type. This is consistant with the surface water analysis by VASSOLO & DAIRA 
(2010).  

Figure 21 presents the Piper diagram for the 64 sample points of N’Djamena.  

 
Figure 21 Piper diagram for the 64 water samples with eliminated Nitrate anion. 

Most of the groundwater in N’Djamena show bicarbonate-calcium and magnesium type with 
a mineralisation lower than 500 mg/l.  

The samples which show a replacement of calcium and magnesium by sodium and 
potassium (NDJ 3, 6, 8, 9, 10, 11, 28, 34, 50, 53, 57, 61) are located mainly in the center of 
the city in the sourrounding of the canal discribed in chapter 3.1 and confirms the finding 
from Kadjangaba (2007). It can be assumed that this change of water type is due either to a 
contamination from the canal, which collects industrial and greywater, or to a the longer 
residience time of groundwater which that from the river into the centre of N’Djamena (where 
the canal is located). 

Furthermore, there is one sample (NDJ 64) showing water of sulphate-bicarbonate-sodium-
calcium type, which is located in Zaraf district in the western outskirt of N’Djamena. 

5.1.3 pH 

The pH-value does not have any health impact on consumers. However, it is an essential 
control parameter for many hydrochemical reactions. The pH-value is one of the most 
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important operational quality parameter and always measured in situ. Many hydrochemical 
reactions depend on the pH-value, for example the lime/carbonic acid equilibrium, the 
dissolution of minerals like iron, manganese and aluminium as well as the surface charge of 
many minerals and thus their sorption capacity. The control of pH value is necessary to 
ensure water clarification and disinfection (the pH-value should be preferably less than 8 for 
effective disinfection with chlorine) and to minimize corrosion of pipes (the pH-value should 
not be less than 7). 

WHO has set a range of validity for pH between 6.5 and 8.5 (WHO, 2011), but the range can 
be extended to 9.5 in the absence of distribution systems.  

The pH-values of the Quaternary aquifer in N’Djamena vary from 5.7 to 7.8 with an average 
value of 7.0 (Figure 22 and Figure 23). 

 
Figure 22 Histogram of the pH-values detected in the 
quaternary groundwater aquifer in N’Djamena 2013. 

 
Figure 23 Box-Whisker-Plot of the pH-values 
detected in the quaternary groundwater 
aquifer in N’Djamena 2013. 

The spatial distribution of pH in the study area is presented in Figure 24.  
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Figure 24 pH distribution of groundwater in N’Djamena, analysed in 2013.  

The majority (86%) of the recorded pH-values are within the acceptable range of 6.5 to 8.5. 
In seven cases (red dots), mainly located in the northern outskirts of N’Djamena, pH is below 
6.5 and indicates acid groundwater. This value makes groundwater more susceptible for the 
mobilisation of heavy metals from soil and more corrosive.  

5.1.4 Water Hardness 

Hard water is mainly caused by high content of calcium and magnesium minerals. Hard 
water is not harmful for the human body, but it can cause serious technical problems due to 
the precipitation of carbonates in pipes, water extraction and treatment plants, and 
household devices. On the other hand, aggressive carbon acid can cause corrosion of 
cement and metallic materials in carbon undersaturated waters. Total hardness (GH) in 
degree German hardness (°d) is measured based on the concentrations of the hardener 
salts calcium and magnesium with following formula: 

GH [°dGH] = (CaO + 1.4*MgO)/10  [mg/l]     (F 1) 

The values of total hardness can be classified after Klut-Olzewski (Langguth & Voigt, 2004) 

in five hardness ranges. 

Table 2 Classification of hard and soft water after Klut-Olzewski (Langguth & Voigt, 2004) 
Classification Hardness d°  mmol(eq)/l Ca2+   
very soft 0 < d°< 4 0      –   1.43 
soft 4 < d°< 8 1.43 –   2.86 
Medium-hard 8 < d°< 12 2.86 –   4.28 
slightly hard 12 < d°< 18 4.28 –   6.42 
hard 18 < d°<  30 6.42 – 10.72 



The following Figure 25 show
N’Djamena.  

Figure 25 The percentage distribution of the total groundwater hardness (°dGH)

More than 90% of the samples are classified as soft and very soft waters. This low hardness 
of water refers to a low buffering c

5.1.5 Nitrogen Compounds (

The nitrogen compounds nitrate
water hygiene. Nitrogen compounds reach the groundwater by inadequate use of 
agriculture activities and sewage disposal. The occurrence of the different compounds is a 
good indicator for the redox milieu
ammonium reductive conditions, while nitrite is an intermedia
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Ammonia (NH3 and NH4+) 
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species are usually present in sewage and animal faeces
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has not set any limitation for this compound.

The spatial distribution of ammoni
26. The concentration varies between the detection limit 
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shows the percentage distribution of the ground

The percentage distribution of the total groundwater hardness (°dGH)
N’Djamena 2013. 

More than 90% of the samples are classified as soft and very soft waters. This low hardness 
of water refers to a low buffering capacity against acid deposition.  

Nitrogen Compounds ( Nitrate/ Nitrite/ Ammonia) 

nitrate, nitrite and ammonia are important for the evaluation of the 
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milieu of the groundwater. Nitrate occurrence shows oxic and 
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Figure 26 Ammonium distribution of groundwater in N’Djamena, analysed in 2013.  

Elevated values above 0.2 mg/l are encountered in 11 samples (17%) scattered over the 
study area including two tubewells in the 3rd district, called Sabangali (one is located at the 
schoolyard of the technical high school), four in Diguel, two in Ndjari, two in Amtoukui, and 
one in Nagai. It can be assumed that these wells are influenced by sewage infiltration due to 
nearby located latrines. Furthermore, elevated ammonium concentration indicates reductive 
redox milieu of the groundwater otherwise ammonium would have been oxidized to nitrate. 

Nitrate NO3 

Naturally the nitrate concentration in groundwater is very low and does not exceed 10 mg/l 
(WHO, 2011 and UNEP, 2004). Concentrations higher than natural levels are caused by 
human activities such as agriculture, industry, and domestic effluents. High nitrate 
concentration is considered as carcinogenic for adult persons, if exposure is permanent. It is 
also known as the cause for the so called "blue baby disease”, due to the decreased oxygen 
carrying capacity of haemoglobin in babies that leads to asphyxia because of lack of oxygen 
in blood. Therefore, the upper limit accepted by the WHO norms is fixed at 50 mg/l 
(expressed as nitrate NO3

-). However, the guide value for nitrate concentration in the 
European Drinking Water Directive in 1996-1998 is 25 mg/l which is considered as value 
from which protection measures should be taken (Vassolo & Daïra, 2010).  

The nitrate concentration in the study area varies between the detection limit and 48.3 mg/l 
with an average of 5 mg/l. The following Figure 27 presents the spatial distribution of nitrate 
concentrations in the study area. 
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Figure 27 Nitrate distribution of groundwater in N’Djamena, analysed in 2013.  

Most of the water samples show nitrate concentrations below the WHO limit, but in three 
cases (4.6%) concentrations above 25 mg/l were measured. These are one borehole of the 
water supplier STE GD8 (NDJ 36) located in the 2nd district in the centre of N’Djamena, one 
tubewell in Diguel (NDJ 53) at the eastern outskirt, and one tubewell in Chagua (NDJ 20). 
The limited occurrence of elevated nitrate concentrations compared to elevated ammonium 
concentrations reflects a rather reductive milieu within the groundwater aquifer.  

Nitrite NO2 

As mentioned before, nitrite occurs as intermediate product within the reduction process of 
nitrate. Concerning human health, nitrite is 10 times more potent than nitrate with respect to 
the blue baby disease. The WHO has set a limit of 0.2 mg/l for long-term exposure, and 
3 mg/l for short-term contact.  

Within N’Djamena nitrite concentrations of the Quaternary aquifer vary from the detection 
limit up to 1.79 mg/l. The average value is 0.16 mg/l. Fifteen samples (23.4%), including 
seven boreholes of the STE, show elevated concentrations between 0.2 and 3 mg/l. 

The spatial distribution of nitrite in the study area is presented in Figure 28. 
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Figure 28 Nitrite distribution of groundwater in N’Djamena, analysed in 2013.  

5.1.6 Heavy Metals 

A health risk due to high concentration of heavy metals such as aluminium, arsenic, lead, 
cadmium, copper, nickel, and zinc was not detected in the drinking water. 

In contrast, high concentrations of iron (>0.3 mg/l) and/or manganese (>0.2 mg/l) could be 
detected in 44.6 % of the samples (Figure 29 and Figure 30). In an oxidized form (Fe(III), Mn 
(III, IV)) iron and manganese occur as solid oxide, but in groundwater with a low redox 
potential the oxides are dissolved and iron and manganese appear in soluble form as Fe2+ 
und Mn2+. Once in contact with oxygen, iron and manganese precipitate producing reddish-
brown colouring, bad tasting of water, staining of laundry and clogging of pipes. 

Mercury which was detected in groundwater of N’Djamena in 2003 (Kadjangaba, 2007) was 
not detected during this study. 
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Figure 29 Iron distribution of groundwater in N’Djamena, analysed in 2013.  

 
Figure 30 Manganese distribution of groundwater in N’Djamena, analysed in 2013.  

5.1.7 Sulphate 

High concentration of sulphate in water can cause clogging of the heater (when it comes 
from gypsum) and secondly has laxative effects in unaccustomed users. Therefore, the WHO 
has set a limit of 500 mg/l in drinking water.  
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All tested groundwater samples, except one sample with a sulphate concentration of 
232 mg/l in the western outskirt of N’Djamena (NDJ 64), show rather low concentration and 
thus do not exceed the WHO limit. 

5.1.8 Fluoride 

High fluoride concentration in drinking water can cause another health risk by long term 
exposure. As already shown in other groundwater quality studies in the Lake Chad Basin, 
serious risk due to high fluoride concentration exist in the region (Fantong et al., 2010; 
Vassolo & Daïra, 2012; and Vassolo et al., 2014). 

The recommended drinking water limit for fluoride concentration by the WHO of 1.5 mg/l was 
not exceeded, but 23 samples (40%) show elevated fluoride concentrations above 0.5 mg/l 
which can cause dental fluorosis under long term exposure. Fluoride distribution in the study 
area is presented in Figure 31. 

 
Figure 31 Fluoride distribution in groundwater in N’Djamena, analysed in 2013. 

5.2 Microbiology  

5.2.1 Total coliform and E. coli 

Thirty-seven tubewells out of a total of 52 tested (71%) were contaminated by total coliform, 
which indicates contamination by human and animal faeces (see Figure 32). Since some 
coliform bacteria also derive from other sources, E. coli is a better indicator for pollution of 
the drinking water points with human and animal faeces. Out of the 52 water points, five 
(9.6%) show the presence of E. coli (Figure 33). 



Figure 32 Pie chart showing the proportion of 
total coliform bacteria detected in 5

N’Djamena. 

From the 13 tested drinking water wells of the water supplier STE
presence of total coliform (Figure 
(Figure 35). 

Figure 34 Pie chart showing the proportion of 
total coliform bacteria detected in the raw water 

of 13 boreholes of the STE.
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Figure 36 Pie chart showing the proportion of 
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faecal bacteria. It is supposed that the contamination of the groundwater aquifer in 
N’Djamena by E. coli and enterococci is due to the direct pollution of the water points. 
Reasons are either the infiltration of sewage from nearby located latrines or drainage of 
greywater, the bad constitution of the boreholes (leaking tubewells), the application of 
manure on agriculture land close to the borehole, and leakage of contaminated surface water 
(e.g. near the canal or refuse pits) (see Figure 39 to Figure 44). 

It has to be mentioned that the presence of total coliform, E. coli and enterococci are 
determined based on a single sampling campaign. In order to identify a systematic 
contamination of the Quaternary aquifer of N’Djamena, the water points should be sampled 
repeatedly and in different seasons. 

 
Figure 39 Unprotected borehole Milezi (NDJ 32) of the 
STE, where coliform total bacteria was detected. The 
red arrow indicates activity of agriculture close to the 
borehole. 

 
Figure 40 Unprotected borehole GD 8 (NDJ 
36) of the STE, where E. coli and 
enterococci were detected.  

 
Figure 41 Tubewell (NDJ 60) close to a site used for 
refuse pits with positive coliform total detection. 

Figure 42 Tubewell (NDJ 4) in Moursal 
nearby households with greywater drainage, 
highly contaminated by faecal bacteria. 

 



29 

 
Figure 43 Tubewell (NDJ 24) in Ndjari contaminated 
by faecal bacteria. 

 
Figure 44 Tubewell (NDJ 19) at a private 
yard in Chagua with positive detection of 
enterococci.  
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6 Conclusions and Recommendations 

The results of this study show that 37% of the 65 tested water points in N’Djamena, are 
contaminated by faecal bacteria. The contamination was detected in three boreholes 
belonging to the water provider STE and in 21 tubewells equipped with hand pumps. 
Tubewells with hand pumps provides 70% of the population of N’Djamena with drinking 
water.  

Furthermore, some samples show elevated concentrations of ammonium (17%), nitrate 
(4.6%) or nitrite (23%). The latter two are considered to cause death by asphyxia in infants 
and are carcinogenic by long-term exposure. Ammonium is not hazardous for human health, 
but can be quickly oxidized to nitrate under oxygenated conditions.  

High fluoride concentration in drinking water is another health risk by long term exposure. In 
N’Djamena 40% of the samples show elevated fluoride concentration above 0.5 mg/l, which 
can cause dental fluorosis by long term exposure. 

The definition of improved drinking water source by the JMP is based on the assumption that 
certain technologies, due to the nature of their construction, are more likely to protect the 
source from outside contamination. However, the study has shown that this classification is 
incomplete. Which type of access to groundwater is used does not indicate whether the 
water source is ‘safe’. Other aspects such as the construction of the borehole or tubewell and 
its (protection)-management regarding the geological and hydrogeological setting (sanitation 
inspection) have to be taken into account when defining a ‘safe’ access to drinking water. 
Furthermore, if possible, the water quality according to the WHO standards should be 
regularly monitored. 

It is recommended that the LCBC informs the Chadian authorities and the population about 
the results of this report. Intervention programs should be implemented in their activities to 
prevent and solve the drinking water quality concerns. Measures such as better construction 
of the borehole and tubewell head, management of the infrastructure, setting and control of 
protection zones for each device, sanitation and hygiene improvement, and domestic water 
treatment (boiling instructions, disinfection, and filtration) before consumption should be 
implemented.  

This study was based on a single sampling campaign. In order to identify a systematic 
contamination of the Quaternary aquifer of N’Djamena, the water points should be sampled 
repeatedly and in different seasons, especially during and after the rainy season. Rainfall can 
enhance microbial contamination in source waters and waterborne outbreaks are often 
detected after rainfall (WHO, 2011). 

Furthermore, it is recommended to include tap water in the measurements for comparison 
with tubewells.  
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Annex 1 Sample points 

ID District X Y 
Electrical 

conductivity in 
situ ( µS/cm) 

Temperature 
in situ (°C) 

pH in 
situ 

NDJ1 Sabangali1 15.0538 12.0962 251 30.1 6.77 

NDJ2 Sabangali LyceeTechnique 15.0613 12.0951 239 31.2 7.4 

NDJ3 Ardep Djoumal 15.0652 12.101 248 32 7.5 

NDJ4 Moursal 15.0679 12.1007 364 30.8 6.8 

NDJ5 Sabangali 2 15.0693 12.0947 161.9 30.6 6.9 

NDJ6 ParisCongo1 15.0691 12.104 186.8 30.9 7.4 

NDJ7 ParisCongo 2 15.0679 12.1063 219 30.9 7.2 

NDJ8 ParisCongo 3 15.0717 12.1063 186.9 30.6 7.1 

NDJ9 Champ de fille 15.068 12.1125 211 31 7.3 

NDJ10 Paris Congo 4 15.0656 12.1063 255 31.3 7.2 

NDJ11 Ridina1 15.0649 12.1082 287 31 7.3 

NDJ12 Ridina 2 15.0627 12.1148 383 30.7 7.1 

NDJ13 Amriguebe Ecole Coranique 15.0651 12.1161 404 31.4 7.1 

NDJ14 NagaiI 15.0611 12.1219 467 30.5 6.7 

NDJ15 Amriguebe Lycee Sanauia AlIlmi 15.0677 12.1236 459 31.1 7.2 

NDJ16 Amriguebe Mosquée 15.0734 12.1246 461 31 7 

NDJ17 Chagua 1 15.0809 12.0959 181.9 29.5 7.8 

NDJ18 Chagua Ecole Primaire 15.0883 12.0976 261 30.9 7.5 

NDJ19 Chagua 2 15.0868 12.1029 267 31.5 7.4 

NDJ20 Chagua 3 15.0799 12.1027 320 31.6 7.8 

NDJ21 Dembé 1 15.0926 12.1055 125 31.4 6.8 

NDJ22 Dembé 2 15.0868 12.1102 271 31.5 7.1 

NDJ23 Dembé 3 15.0921 12.1144 102.7 31.2 6.3 

NDJ24 Ndjari 15.0859 12.1205 416 31.8 7.3 

NDJ25 Diguel 1 15.0757 12.1371 437 29.8 6.6 

NDJ26 Diguel Est 1 15.0805 12.1359 377 28.1 6.7 

NDJ27 Diguel 2 15.0834 12.1426 404 30.9 6.7 

NDJ28 Diguel Nord 15.0779 12.1519 636 31.2 7.2 

NDJ29 Diguel Est 2 15.0928 12.1294 226 30.5 7.4 

NDJ30 Station STE Forage GDB 15.0418 12.1192 346 29.7 6.8 

NDJ31 Station STE Forage GD21 14.998 12.1294 219 32.6 6.8 

NDJ32 Station STE Forage Milezi 14.9896 12.1134 216 28.3 7.3 

NDJ33 Station STE GD26A 15.057 12.1426 544 30.3 6.9 

NDJ34 Station STE GD25A 15.0802 12.107 361 31.3 7.5 

NDJ35 Station STE Jumele 15.0476 12.1285 395 29.9 6.7 

NDJ36 Station STE GD8 15.0453 12.1189 402 30.7 7.2 

NDJ37 Station STE Marche Central 15.0508 12.109 404 30.1 7.2 

NDJ39 Station STE GD22A 15.0692 12.0947 229 34.6 7.3 

NDJ40 Station STE GD23 15.057 12.1426 546 31.3 7.1 

NDJ41 Station STE Beguinage 15.0399 12.1175 297 29.4 6.9 

NDJ42 Station STE GD1 15.0415 12.1236 298 30.3 6.9 

NDJ43 Diguel Gozator 15.0629 12.1611 335 33 6.18 
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ID District X Y 
Electrical 

conductivity in 
situ ( µS/cm) 

Temperature 
in situ (°C) 

pH in 
situ 

NDJ44 Diguel Ngabo4 15.0798 12.1649 412 32.8 7.14 

NDJ45 Diguel Ngabo3 15.0853 12.1725 233 33.8 6.3 

NDJ46 Diguel Ngabo1 15.0928 12.1739 246 32 6.32 

NDJ47 Diguel Ngabo2 15.095 12.1591 391 30.9 6.8 

NDJ48 Ndjari Darassalam 5 15.1081 12.1477 474 33 7.08 

NDJ49 Ndjari 1 15.0996 12.1222 124 31.3 6.5 

NDJ50 Ndjari 2 15.0965 12.1246 152 30.7 6.9 

NDJ51 Ndjari Darassalam4 15.1057 12.1319 260 33.2 6.7 

NDJ52 Ndjari Darassalam4 15.1232 12.1378 373 31.3 6.4 

NDJ53 Diguel Koudou 15.1245 12.1501 772 33 7.2 

NDJ54 Ndjari 3 15.0888 12.1251 378 31.8 7.09 

NDJ55 Abena 15.1031 12.0959 126.5 31.6 6.7 

NDJ56 Atron 15.1246 12.0986 202 31 7.4 

NDJ57 Amtoukoui 15.1186 12.1144 254 31 7.1 

NDJ58 Amtoukoui 15.1175 12.125 444 30.4 7.1 

NDJ59 Lycee Amtoukoui 15.1034 12.1151 121.5 32.2 6.5 

NDJ60 Amtoukoui 15.1019 12.1078 109.7 31.8 6.7 

NDJ61 Goudji 15.043 12.1587 241 31.3 6.8 

NDJ62 Goudji 15.0529 12.1679 179.7 30.9 5.7 

NDJ63 Amsemene 15.0239 12.1784 186.5 32.5 6.1 

NDJ64 Zaraf 14.9614 12.1416 814 32.4 7 

NDJ65 Farcha 14.9926 12.1245 344 32.2 7 

 



34 

Annex 2 Analyses methods  

Analytical Methods of the BGR laboratory B 2.3, Han over (02.2011) 

Number Analytical Method Producer 
Device type Parameter Underlying 

standards 

1 Automatic Titration 

 

SCHOTT 

Titroline alpha plus 

HCO3, CO3, OH  

2 Photometer 

 

UNICAM 

UV 300 

NH4 DIN 38406-5 

3 Ion chromatography (IC) 

 

DIONEX 

ICS - 3000 

F, Cl, NO2, Br, NO3, 

SO4 
EN ISO 10304-4 

4 ICP-OES 

 

SPECTRO 

Ciros CCD 

K, Na, Mg, Ca, Cl, 
SO4, Br, PO4, Fe, Mn, 
Al, As, BO2, Ba, Be, 
Cd, Co, Cr, Cu, Li, Ni, 
Pb, Sc, SiO2, Sr, Ti, V, 
Zn 

DIN EN ISO 

11885 

5 TOC/TIC/TNb-Analysator 

 

ELEMENTAR 

highTOCII 

TIC, TOC (NPOCLD), 
DOC, TNb 

EN 1484 

DIN 38409 H3 

ISO 8245 

EPA 415.1 
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Annex 3 Statistics of hydrogeochemical and physical  data 

Parameter Unit WHO 
limit 

Min imum 
concentration 

mg/l 

Maximum 
concentration 

mg/l 

Average  
concentration 

mg/l 

Standard 
deviation 

pH   5.7 7.8 7 0.4 

EC µS/cm  103 814 316 147 

T °C  28.1 34.6 31.2 1 

K+ mg/l  2 10.7 5.12 2 

Na+ mg/l 
 

3.4 119 20.65 20 

Mg2+ mg/l  1.5 17.8 7.93 4 

Ca2+ mg/l  8.11 66.6 31.38 15 

Cl- mg/l  0.022 39.2 5.51 8 

SO4
2- mg/l  0.031 232 9.93 29 

HCO3
- mg/l  59 394 173.28 76 

NO3
- mg/l 50 DL 48.3 4.64 10 

NH4 mg/l  DL 1.19 0.14 0 

NO2
- mg/l 3 DL 1.79 0.16 0 

PO4
2- mg/l  0.03 0.82 0.16 0 

F- mg/l 1.5 0.016 1.21 0.49 0 

Fe(II) mg/l  0.003 7.86 0.73 1.3 

Al2+ mg/l 0.9 DL 0.049 0.007 0 

Mn mg/l  0.001 0.618 0.114 0.2 

Cu mg/l 0.2 DL 0.021 0.0006 0 

Br- mg/l  DL 0.221 0.0197 0.030 

As mg/l 0.01 DL DL DL  
Sr mg/l  0.082 0.602 0.289 0.149 

Cd mg/l 0.003 DL DL DL 
 

Ni mg/l 0.07 DL 0.006 0.000 0.001 

Pb mg/l 0.01 DL DL DL  
Ba mg/l 0.7 0.03 0.446 0.1673 0.098 

NOTE: DL = Detection limit 
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Annex 4. Chemical analyses results 

ID Nom 
TDS 
mg/l 

K 
mg/l 

Na 
mg/l 

Cl 
mg/l 

Mg  
mg/l 

Ca 
mg/l 

SO4 
mg/l 

HCO3 
mg/l 

Fe(II) 
mg/l 

Mn 
mg/l 

NO3 
mg/l 

Br 
mg/l 

NH4 
mg/l 

NO2 
mg/l 

F 
mg/l 

PO4 
mg/l 

Al 
mg/l 

As 
mg/l 

BO2 
mg/l 

Ba 
mg/l 

Be 
mg/l 

Cd 
mg/l 

Co 
mg/l 

Cr 
mg/l 

Cu 
mg/l 

Li 
mg/l 

Ni 
mg/l 

Pb 
mg/l 

Sc 
mg/l 

SiO2 
mg/l 

Sr 
mg/l 

Ti 
mg/l 

V 
mg/l 

Zn 
mg/l 

NDJ 1 N'DJAMENA SABANGALI 1 268 3.7 6.1 7.52 4.92 31.3 1.03 136 1.250 0.232 0.038 0.021 0.72 0.006 0.119 0.21 0.003 -0.02 0.02 0.215 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 74.9 0.224  -0.001  0.004  0.008  

NDJ 2 
N'DJAMENA SABANGALI LYCEE 
TECHNIQUE 265 3.6 4.5 0.874 7.08 30.3 0.376 149 0.033 0.016 0.040 0.008 0.21 0.004 0.283 0.19 -0.003 -0.02 0.02 0.106 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 68.2 0.301  -0.001  0.007  0.242  

NDJ 3 N'DJAMENA ARDEP DJOUMAL 269 4.1 36.4 0.907 2.64 12.2 1.37 153 0.012 0.049 0.009 0.006 -0.01 -0.003 1.13 0.16 -0.003 -0.02 0.02 0.091 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 57.4 0.101  -0.001  0.013  0.111  

NDJ 4 N'DJAMENA MOURSAL 332 5.3 7.7 22.3 10.1 43.7 8.19 170 0.172 0.089 0.585 0.035 -0.01 1.100 0.513 0.07 -0.003 -0.02 0.04 0.227 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 61.5 0.402  -0.001  0.005  0.114  

NDJ 5 N'DJAMENA SABANGALI 2 185 3.6 5.2 0.652 3.68 19.4 0.12 97.9 0.497 0.080 0.218 0.006 0.09 0.229 0.098 0.07 0.003 -0.02 0.02 0.096 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 52.7 0.152  -0.001  0.004  0.044  

NDJ 6 N'DJAMENA PARIS CONGO 1 215 4.1 21.0 1.95 2.80 12.1 1.19 109 0.022 0.006 -0.003 0.007 -0.01 -0.003 1.21 0.07 0.004 -0.02 0.02 0.063 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 61.3 0.115  -0.001  0.011  0.070  

NDJ 7 N'DJAMENA PARIS CONGO 2 238 4.4 13.1 3.57 4.49 22.6 2.4 126 0.027 0.003 0.076 0.008 0.17 0.003 0.738 0.15 0.003 -0.02 0.03 0.178 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 60.2 0.203 -0.001  0.010  0.168  

NDJ 8 N'DJAMENA PARIS CONGO 3 202 3.6 20.0 3.39 1.98 11.1 0.644 88.8 0.046 0.001 6.670 0.008 0.01 0.033 1.06 0.15 -0.003 -0.02 0.02 0.055 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 64.5 0.093  -0.001  0.012  0.017  

NDJ 9 N'DJAMENA CHAMP DE FILLE 243 2.1 33.0 1.06 1.50 10.9 2 127 0.018 0.003 0.799 0.005 -0.01 0.028 1.17 0.28 -0.003 -0.02 0.03 0.076 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 62.6 0.084  -0.001  0.008  0.309  

NDJ 10 N'DJAMENA PARIS CONGO 4 287 4.4 32.9 1.67 2.62 17.4 1.35 158 0.043 0.003 0.016 0.007 -0.01 -0.003 1.16 0.19 -0.003 -0.02 0.02 0.051 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 67.0 0.117  0.001  0.007  0.118  

NDJ 11 N'DJAMENA RIDINA 1 307 4.0 31.6 3.09 3.69 22.8 2.29 173 0.017 0.004 0.265 0.010 0.08 -0.003 1.14 0.12 -0.003 -0.02 0.03 0.082 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 64.9 0.164  0.001  0.012  0.230  

NDJ 12 N'DJAMENA RIDINA 2 382 5.3 32.9 3.79 7.90 34.0 18.2 215 0.150 0.006 0.020 0.026 0.08 0.156 0.681 0.16 -0.003 -0.02 0.04 0.162 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 63.1 0.344  0.001  0.008  0.099  

NDJ 13 
N'DJAMENA AMRIGUEBE ECOLE 
CORANIQUE 400 5.3 38.0 2.77 8.32 33.9 24 224 0.213 0.002 0.020 0.020 0.02 -0.003 0.669 0.27 0.003 -0.02 0.03 0.118 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 62.3 0.347  -0.001  0.006  0.038  

NDJ 14 N'DJAMENA NAGAI I 423 4.1 23.1 20.8 15.6 45.5 16.8 239 1.300 0.176 1.050 0.046 1.19 0.232 0.846 0.26 -0.003 -0.02 0.04 0.361 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 53.6 0.500  -0.001  0.003  0.050  

NDJ 15 
N'DJAMENA AMRIGUEBE LYCEE SANAUIA 
AL ILMI 457 6.1 21.1 5.75 12.6 51.9 7.06 257 0.106 0.003 19.200 0.015 0.20 0.014 0.498 0.04 -0.003 -0.02 0.05 0.122 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 75.6 0.486  -0.001  0.006  0.062  

NDJ 16 N'DJAMENA AMRIGUEBE MOSQUÉE 442 5.0 23.5 8.02 11.9 51.5 15.7 253 0.130 0.049 9.890 0.024 0.17 0.042 0.644 0.05 -0.003 -0.02 0.06 0.290 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 61.8 0.543  -0.001  0.007  0.258  

NDJ 17 N'DJAMENA CHAGUA 1 190 5.1 4.2 0.301 5.16 21.0 0.031 112 0.008 0.006 0.029 0.007 0.08 0.004 0.07 0.04 -0.003 -0.02 0.02 0.076 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 41.4 0.219  -0.001  0.005  0.044  

NDJ 18 N'DJAMENA CHAGUA ECOLE PRIMAIRE 290 7.3 4.7 0.498 7.79 31.4 0.284 164 0.007 0.002 0.028 0.013 0.17 0.004 0.347 0.05 -0.003 -0.02 0.03 0.171 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 73.1 0.372  -0.001  0.010  0.077  

NDJ 19 N'DJAMENA CHAGUA 2 283 4.8 4.9 0.249 4.72 40.5 0.336 168 0.035 0.058 0.004 0.009 -0.01 -0.003 0.487 0.18 -0.003 -0.02 0.02 0.137 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 59.0 0.203  -0.001  0.004  0.010  

NDJ 20 N'DJAMENA CHAGUA 3 282 6.6 8.1 24.0 8.11 38.0 11.6 100 0.033 0.027 38.400 0.045 -0.01 0.500 0.224 0.05 -0.003 -0.02 0.02 0.194 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 45.6 0.371  -0.001  0.038  0.011  

NDJ 21 N'DJAMENA DEMBÉ 1 143 3.1 6.0 0.304 3.22 12.3 0.152 74.0 0.185 0.024 0.045 0.005 0.11 -0.003 0.877 0.12 -0.003 -0.02 0.02 0.065 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 42.4 0.108  -0.001  -0.003  0.536  

NDJ 22 N'DJAMENA DEMBÉ 2 283 3.2 23.6 0.214 5.58 24.9 0.551 175 0.117 0.002 0.019 0.006 -0.01 -0.003 0.231 0.22 -0.003 -0.02 0.03 0.120 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 49.3 0.241  -0.001  0.006  0.049  

NDJ 23 N'DJAMENA DEMBÉ 3 134 3.5 6.3 0.445 2.57 8.11 0.313 59.0 0.348 0.016 0.627 0.006 0.01 0.049 0.161 0.22 -0.003 -0.02 0.03 0.039 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 51.8 0.082  -0.001  -0.003  0.077  

NDJ 24 N'DJAMENA NDJARI 411 6.4 20.2 7.66 10.3 45.5 5.38 233 0.076 0.003 11.500 0.020 -0.01 0.119 0.627 0.07 -0.003 -0.02 0.04 0.256 -0.0005 -0.002 -0.003 -0.003 0.004 -0.003 -0.003 -0.02 -0.001 69.5 0.426  -0.001  0.006  0.338  

NDJ 25 N'DJAMENA DIGUEL 1 438 7.5 14.1 4.48 14.3 48.5 12.6 255 1.560 0.122 0.151 0.028 0.47 0.017 0.334 0.11 -0.003 -0.02 0.04 0.261 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 78.7 0.477  -0.001  -0.003  0.251  

NDJ 26 N'DJAMENA DIGUEL EST 1 398 5.7 6.6 1.14 14.1 46.3 2.43 239 0.049 0.071 1.600 0.010 -0.01 -0.003 0.327 0.07 -0.003 -0.02 0.04 0.275 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 79.8 0.486  -0.001  0.003  0.007  

NDJ 27 N'DJAMENA DIGUEL 2 401 4.2 10.0 2.74 13.0 51.6 4.33 248 0.502 0.538 4.640 0.007 0.12 0.333 0.571 0.04 -0.003 -0.02 0.04 0.319 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 60.3 0.526  0.001  0.003  0.144  

NDJ 28 N'DJAMENA DIGUEL NORD 646 8.7 82.3 4.75 11.6 38.4 17.5 392 1.000 0.017 0.011 0.032 -0.01 -0.003 0.708 0.15 0.003 -0.02 0.04 0.159 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 88.0 0.395  -0.001  0.006  0.015  

NDJ 29 N'DJAMENA DIGUEL EST 2 244 3.6 6.8 0.82 7.82 27.3 0.949 137 0.056 0.112 0.424 0.003 0.39 0.362 0.658 0.03 0.049 -0.02 0.03 0.150 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 58.2 0.276  -0.001  0.007  0.202  

NDJ 30 N'DJAMENA STATION STE FORAGE GDB  341 4.5 18 16.1 9.51 34.9 10.8 143 0.010 0.128 23.700 0.038 -0.01 0.008 0.299 0.10 0.009 -0.02 0.03 0.174 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 79.6 0.318  -0.001  0.006  0.019  

NDJ 31 N'DJAMENA STATION STE FORAGE GD 21 262 4.9 15 1.17 5.84 20.3 5.03 127 0.018 0.022 0.586 0.016 0.05 0.088 0.246 0.13 0.005 -0.02 0.02 0.090 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 81.7 0.185  -0.001  0.004  0.013  

NDJ 32 
N'DJAMENA STATION STE FORAGE 
MILEZI 251 4.1 11 0.38 6.06 22.5 3.65 128 0.013 0.050 0.065 0.010 -0.01 1.370 0.245 0.12 0.008 -0.02 0.01 0.133 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 73.4 0.211  -0.001  0.006  0.012  

NDJ 33 N'DJAMENA STATION STE GD 26A 526 6.9 28 12.1 16.5 62.7 23.5 300 0.008 0.271 4.640 0.041 -0.01 0.385 0.516 0.21 0.004 -0.02 0.03 0.446 -0.0005 -0.002 -0.003 -0.003 -0.003 0.003 -0.003 -0.02 -0.001 69.7 0.575  0.001  0.004  0.055  

NDJ 34 N'DJAMENA STATION STE GD 25A 364 5.2 42 7.59 6.47 26.2 8.58 192 0.005 0.005 10.900 0.021 -0.01 0.013 0.991 0.09 0.004 -0.02 0.02 0.133 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 63.7 0.240  -0.001  0.008  0.004  

NDJ 35 N'DJAMENA STATION STE JUMELE 382 5.7 22 21.1 11.5 37.6 13.9 159 0.009 0.047 22.900 0.044 -0.01 0.798 0.388 0.06 0.008 -0.02 0.04 0.193 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 86.4 0.360  -0.001  0.004  0.014  

NDJ 36 N'DJAMENA STATION STE GD 8 378 4.6 19 24 10.3 43.8 7.87 162 0.011 0.618 26.200 0.044 -0.01 0.473 0.476 0.12 0.015 -0.02 0.03 0.363 -0.0005 -0.002 -0.003 -0.003 0.021 -0.003 -0.003 -0.02 -0.001 77.9 0.355  0.001  0.003  0.080  

NDJ 37 
N'DJAMENA STATION STE MARCHE 
CENTRAL 407 6.7 24 16.9 8.83 45.5 10.8 209 0.008 0.097 0.708 0.044 0.10 0.055 0.502 0.05 0.005 -0.02 0.03 0.293 -0.0005 -0.002 -0.003 -0.003 0.003 -0.003 -0.003 -0.02 -0.001 83.0 0.376  -0.001  0.009  0.049  

NDJ 38 
N'DJAMENA STATION STE MARCHE A 
MILL 631 6.6 144 32.9 3.91 8.16 48.2 310 0.083 0.468 0.121 0.206 -0.01 5.670 0.66 0.43 0.003 -0.02 1.07 0.095 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 69.2 0.069  -0.001  -0.003  0.051  

NDJ 39 N'DJAMENA STATION STE GD22A 249 4.5 17 4.34 4.6 22.2 4.53 127 0.055 0.022 0.868 0.012 -0.01 0.092 0.357 0.08 -0.003 -0.02 0.02 0.093 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 62.9 0.180  -0.001  0.007  0.029  
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NDJ 40 N'DJAMENA STATION STE GD 23 527 6.7 31 11.9 17.1 59.3 16.7 299 0.011 0.009 12.600 0.029 -0.01 0.683 0.59 0.06 0.007 -0.02 0.04 0.253 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 71.0 0.539  -0.001  0.005  0.012  

NDJ 41 N'DJAMENA STATION STE BEGUINAGE 306 4.3 15 11.2 8.76 32.5 6.68 143 0.003 0.012 11.300 0.064 -0.01 0.103 0.28 0.10 -0.003 -0.02 0.02 0.123 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 72.0 0.293  -0.001  0.003  0.025  

NDJ 42 N'DJAMENA STATION STE GD 1 315 4.7 21 12.7 8.16 27.6 10.3 133 0.019 0.387 12.200 0.029 0.01 0.387 0.469 0.12 -0.003 -0.02 0.03 0.212 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 84.4 0.234  -0.001  0.006  0.164  

NDJ 43 N'DJAMENA DIGUEL GOZATOR 361 7.7 18 0.17 11.3 33.9 6.74 213 3.650 0.261 0.084 0.004 0.26 0.002 0.233 0.11 0.017 -0.02 0.03 0.141 -0.0005 -0.002 -0.003 -0.003 -0.003 0.003 -0.003 -0.02 -0.001 65.7 0.323  -0.001  -0.003  0.317  

NDJ 44 N'DJAMENA DIGUEL NGABO 4 444 6.5 10 0.46 11.5 56.2 8.4 255 2.390 0.023 0.051 0.007 0.20 0.006 0.273 0.13 0.019 -0.02 0.06 0.321 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 91.7 0.491  -0.001  0.003  0.011  

NDJ 45 N'DJAMENA DIGUEL NGABO 3 286 4.4 8.5 0.64 6.06 29.6 2.46 142 0.120 0.140 0.206 0.006 0.09 -0.003 0.148 0.22 0.004 -0.02 0.04 0.133 -0.0005 -0.002 -0.003 -0.003 0.004 0.005 -0.003 -0.02 -0.001 91.8 0.193  -0.001  -0.003  0.481  

NDJ 46 N'DJAMENA DIGUEL NGABO 1 279 5.6 8 0.41 8.37 27 3.24 150 0.124 0.371 0.038 0.005 0.85 0.003 0.226 0.39 0.01 -0.02 0.04 0.195 -0.0005 -0.002 -0.003 -0.003 -0.003 0.003 -0.003 -0.02 -0.001 75.2 0.254  0.001  -0.003  1.160  

NDJ 47 N'DJAMENA DIGUEL NGABO 2 429 9.2 12 0.02 14.7 45.7 3.57 253 2.840 0.028 0.027 0.006 0.14 -0.003 0.27 0.20 0.018 -0.02 0.04 0.204 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 86.7 0.428  -0.001  -0.003  0.026  

NDJ 48 N'DJAMENA NDJARI DARASSALAM 5 490 6.9 40 1.14 12.8 45.1 5.7 305 0.174 0.261 0.066 0.011 -0.01 -0.003 0.734 0.09 0.009 -0.02 0.05 0.265 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 71.3 0.422  0.001  -0.003  0.429  

NDJ 49 N'DJAMENA NDJARI 1 186 3.9 5.6 0.36 3.2 11.6 1.3 72.3 2.700 0.023 0.025 0.005 -0.01 -0.003 0.198 0.35 0.027 -0.02 0.05 0.055 -0.0005 -0.002 -0.003 -0.003 -0.003 0.003 -0.003 -0.02 -0.001 84.4 0.105  -0.001  0.003  0.025  

NDJ 50 N'DJAMENA NDJARI 2 199 3.2 15 1.33 3.1 11.4 0.884 88.6 0.612 0.165 0.043 0.005 0.11 0.030 0.919 0.44 0.004 -0.02 0.05 0.063 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 73.3 0.101  -0.001  -0.003  0.029  

NDJ 51 N'DJAMENA NDJARI DARASSALAM 4 288 4.5 13 1.24 7.3 26.1 4.54 149 2.570 0.053 0.938 0.010 0.01 0.142 0.468 0.26 0.009 -0.02 0.05 0.096 -0.0005 -0.002 -0.003 -0.003 -0.003 0.003 -0.003 -0.02 -0.001 77.8 0.229  -0.001  -0.003  0.062  

NDJ 52 N'DJAMENA NDJARI DARASSALAM 4 412 6.8 14 3.44 11.5 41.2 9.78 226 3.620 0.373 0.044 0.017 0.85 -0.003 0.224 0.26 0.019 -0.02 0.06 0.376 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 94.5 0.410  -0.001  -0.003  0.025  

NDJ 53 N'DJAMENA DIGUEL KOUDOU 757 11 119 17.8 9.5 42.5 25.1 394 0.052 0.010 48.300 0.076 0.02 -0.003 0.379 0.05 0.01 -0.02 0.03 0.240 -0.0005 -0.002 -0.003 0.006 -0.003 0.003 -0.003 -0.02 -0.001 89.4 0.420  -0.001  0.012  0.218  

NDJ 54 N'DJAMENA NDJARI 3 402 5.8 9.9 2.08 13.4 48.1 6.12 245 0.809 0.325 2.990 0.007 0.27 -0.003 0.136 0.03 0.016 -0.02 0.04 0.309 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 66.6 0.478  -0.001  0.007  0.019  

NDJ 55 N'DJAMENA ABENA 142 2.3 3.4 2.13 3.9 12.8 1.16 65.9 1.840 0.283 0.013 0.006 -0.01 1.790 0.07 0.82 0.015 -0.02 0.01 0.072 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 45.4 0.124  -0.001  -0.003  0.009  

NDJ 56 N'DJAMENA ATRON (ALTER PUNKT) 236 3.4 5.2 0.06 6.35 27.1 0.069 126 0.041 0.008 0.083 -0.003 -0.01 0.466 0.405 0.08 0.009 -0.02 0.02 0.119 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 66.3 0.292  -0.001  0.008  0.087  

NDJ 57 N'DJAMENA AMTOUKOUI (ALTER PUNKT) 299 4.9 28 0.22 5.5 18.6 1.45 161 0.067 0.008 0.002 -0.003 -0.01 -0.003 0.789 0.17 0.006 -0.02 0.03 0.080 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 78.5 0.171  -0.001  0.003  0.014  

NDJ 58 N'DJAMENA AMTOUKOUI 470 5.4 45 1.54 8.9 39.7 10.4 278 2.270 0.132 0.044 0.010 0.22 0.029 0.714 0.19 0.007 -0.02 0.04 0.233 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 77.7 0.335  -0.001  0.004  0.006 

NDJ 59 N'DJAMENA LYCEE AMTOUKOUI 168 4.1 8.7 0.23 2.98 10.7 0.72 74.9 0.765 0.007 0.200 0.003 0.07 -0.003 0.211 0.43 0.013 -0.02 0.04 0.054 -0.0005 -0.002 -0.003 -0.003 -0.003 0.003 -0.003 -0.02 -0.001 64.2 0.093  -0.001  -0.003  0.577  

NDJ 60 N'DJAMENA AMTOUKOUI 139 2 5.5 0.07 3.01 10.5 0.36 63.9 0.464 0.254 0.028 0.004 1.02 -0.003 0.647 0.43 0.016 -0.02 0.02 0.123 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 51.3 0.088  -0.001  -0.003  0.050  

NDJ 61 GOUDJI 299 5 35 0.24 4.1 12.2 3.8 148 0.100 0.026 0.125 -0.003 -0.01 -0.003 0.445 0.23 0.02 -0.02 0.04 0.054 -0.0005 -0.002 -0.003 -0.003 -0.003 -0.003 -0.003 -0.02 -0.001 89.1 0.113  -0.001  0.004  1.350  

NDJ 62 GOUDJI 212 4 8.7 0.2 3.39 13.8 17.8 81 7.860 0.374 0.240 0.004 0.01 -0.003 0.042 0.06 0.028 -0.02 0.04 0.180 -0.0005 -0.002 0.007 -0.003 -0.003 0.003 0.006 -0.02 -0.001 74.1 0.124  -0.001  -0.003  0.478  

NDJ 63 N'DJAMENA AMSEMENE 193 5.2 9.4 3.09 4 16.6 6.02 75.5 2.380 0.019 20.100 0.011 0.03 0.201 0.016 0.03 0.013 -0.02 0.04 0.076 -0.0005 -0.002 -0.003 -0.003 -0.003 0.005 -0.003 -0.02 -0.001 50.3 0.109  -0.001  -0.003  2.460  

NDJ 64 N'DJAMENA ZARAF 689 8.3 80 39.2 17.8 66.6 232 158 0.815 0.559 0.418 0.221 -0.01 0.005 0.445 0.08 0.015 -0.02 0.08 0.030 0.0006 -0.002 -0.003 -0.003 0.005 -0.003 -0.003 -0.02 0.002 84.3 0.602  0.002  0.005  0.061  

NDJ 65 N'DJAMENA FARCHA 366 6.8 9.1 1.2 11.3 41.6 2.2 211 1.990 0.227 0.040 0.008 0.08 -0.003 0.174 0.08 0.024 -0.02 0.05 0.265 -0.0005 -0.002 -0.003 -0.003 0.003 -0.003 -0.003 -0.02 0.001 80.3 0.376  0.001  0.004  0.010  

 


