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ABSTRACT 
 

Located at 3°51’97” to 3°49’97” N and 11°28’85” to 11°29’89” E in the SW of Yaounde, the Biyémé 
upper stream catchment covers a surface area of 500 ha. It harbours a population of about 400,000 people 
whose major modes of water supply are wells and springs. The main objective of this research was to study the 
groundwater quality through combined piezometric and physicochemical and bacteriological data 
interpretations. From July 2008 to June 2009, 16 wells and 05 springs within the study area were selected and 
monitored on a bimonthly basis. Results showed low mean annual amplitude of the water table, which varies 
between 0.49 m for wells in lowlands to 1.30 m for wells in the ridge. Almost 97% of wells and 10% of springs 
had values of nitrates higher than the 11.36 N-NO3

- guideline recommended by WHO for drinkable water, 
especially during dry seasons. This underground water also revealed microbial contamination, with values of 
faecal indicators higher than the 0 UFC/100 ml recommended by WHO, but mostly during raining seasons. 
Anarchic urbanization and inadequate hygiene conditions are factors enhancing the sanitary risk of these water 
points. 
© 2014 International Formulae Group. All rights reserved. 
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INTRODUCTION  

Most of sub-Saharan Africa cities lack 
adequate access to basic services (water, 
electricity, refuse collection and 
rehabilitation). Among these services, a safe, 
reliable, affordable, and easily accessible 
water supply is essential for good health 
(Hunter et al., 2010). Yaounde, like other 
cities of developing countries, is subject to 

numerous stress factors at the rank of which 
pollution of water resources occupies a good 
position. Indeed, more than 75% of 
installations for the evacuation of excreta are 
deep traditional pit latrines, sometimes in 
contact with water table (Bemmo et al., 1998). 
Despite the efforts made by the authorities in 
place to supply the population with drinkable 
water, lots remain to be done. Djeuda 
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Tchapnga et al. (2001) reported that less than 
2/3 of the population had access to water 
distribution network of CAMWATER 
(Cameroon Water Utilities Corporation), the 
Cameroon National Water Utilities, for a 
population estimated at about two million 
inhabitants. Since 2008, CAMWATER hardly 
distributes 100,000 m3 of water per day, for a 
demand evaluated at more than 300,000 m3 
for a population nearly 2 million inhabitants. 
Hence, to meet up with this deficit, the 
populations generally seek recourse to 
alternative modes of drinking water supply 
such as springs and wells, which are not 
always of good quality. Underground waters 
have long been presented as unfavorable 
environments for bacterial life (Gounot, 
1994). Therefore, the origin of bacteria in 
these waters is frequently disputed. Frenchel 
(2001) suggests that they originate from 
anaerobic soil microorganisms that must have 
undergone mutation. The process of transfer 
of these microorganisms from the soil to 
underground water is complex (Abu-Ashur et 
al., 1998). It is regulated by the 
physicochemical and hydraulic properties of 
the collecting soil, the morpho-anatomical and 
physiological properties of the 
microorganisms, among others (Growe et al., 
2003; Sanin, 2004). Little knowledge exists 
on the mechanisms of transfer of pollutants 
from soils to aquifer in different 
environmental media. Some works have 
previously been carried out in sandy 
environment, in Togo and Niger (Baba-
Moussa, 1994; Chippaux et al., 2002 and 
Boubakar Hassane, 2010) or grit-sandy 
environment in Morocco (Saadia et al., 2007). 
The conclusions of these studies cannot 
however be generalized without bias in 
crystalline environment where there is a 
general water flow direction. In recent years, 
the World Health Organisation (WHO) has 
promoted the idea of Water Safety Plans 
(WSPs) (Davison et al., 2005). A WSP is a 
risk-based approach to public health achieved 
through water quality and catchment 
management strategies under the slogan 

‘‘managing drinking water quality from 
catchment to consumer’’. Although the WSP 
approach is widely used in urban piped supply 
water systems, there have been few attempts 
to implement the approach in rural settings, 
where distant water sources are the norm 
(Howard G. 2003; Mahmud et al., 2007). The 
present study is a characterization of the mean 
annual dynamics of the physicochemical and 
bacteriological pollution of aquifer in a 
fissured environment. It presents the pollution 
dynamics of underground waters of the study 
area in relation to seasonal pluviometric 
fluctuations. 

 
MATERIALS AND METHODS 
Presentation of study area 

This study was carried out in the 
Biyémé upper stream catchment located in the 
SW of Yaounde. It is part of the Mfoundi 
catchment. Yaounde covers a surface of 
approximately 256 km², ranging between 3o 
and 5o North and 11o and 12o East (Kamgang 
and Ekodeck, 1991). The population of 
Yaounde, evaluated at 1,800,000 inhabitants, 
undergoes a growth rate ranging between 3.5 
and 6.2% annually and density varies from 3.2 
to 5.69 inhabitants / km2 (Bucrep, 2005). The 
hydrographic network constitutes a set of 
perennial rivers. The geological substratum is 
composed of a set of fractured Precambrian 
formations, constituting aquiferous reservoirs 
exploitable through wells and boreholes 
(Nzenti, 1987). Yaounde is imbued with a 
strongly accidented relief with a mean altitude 
at 730 m. Soils are red and ferralitic in 
majority. The reigning climate is the 
equatorial type (Kamgang and Ekodeck, 1991; 
Sighomnou, 2004). The climate is of the 
equatorial type with two rainy seasons (April-
June and September-October) and two dry 
seasons (November-March and July-August) 
annually. Figure 1 shows the variations of 
monthly rainfall in the Yaounde town 
throughout the period from July 08 to June 09, 
done with meteorological data, recorded at the 
pluviometric station of 105 Air force base. 
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Choice of water points for the study of the 
contamination of the aquifer 

Criteria for the selection of water 
points were: -i) a good spatial distribution of 
water points on the study site, -ii) the relative 
importance for the user populations; a water 
point is more important when the volume of 
water carried is high and or if the water 
carried is preliminarily meant for human 
consumption -iii) the level of development of 
the water point and its topographic position in 
the basin (ridge, mid-slope or lowland), -iv) 
the disqualification of floodable wells in order 
to avoid the influence of artificial floods on 
the water point and -v) the initial water level 
in the well in order to monitor the eventual 
fluctuations of the water table. The above 
factors led to the retention of 16 wells (13.34 
%) and all the five springs in the area for 
follow-up. Figure 2 shows the distribution of 
selected wells and springs for study with 
respect to topographic levels of the catchment.  

 
Hydrodynamic characterization of aquifer 
Measure of flow rates 

The measure of flow rates of springs 
was determined by the gauging of 
standardized reservoirs method. This rather 
simple technique consists in measuring the 
time required to fill a graduated bucket of 
known volume, using a stop watch (Laborde, 
2009). 

 
Determination of the dynamic level of the 
water table 

This was done as follows (Figure 3): 
the experimenter holds a double decametre to 
which a suspensor is attached with the role of 
maintaining the rope stretched when it is 
plunged in the well. Reading is made when 
the suspensor tip touches the surface of the 
water, thereby provoking the formation of 
ripples. In order to minimize the effect of 
normal water carrying from the wells by the 
population, measures of the water table 
drawdown were done every middle and last 
day of each month (bimonthly) between 10 
am and 2 pm, throughout the study period. 
This time happens to be the period when little 

or no water drawing activity is carried out on 
the well. 

 
Physicochemical and biological 
characterization of aquifer 
Physicochemical determination  

Physicochemical parameters were 
measured according to standard methods for 
the examination of water and wastewater 
(Eaton et al., 2005). Parameters of interest 
were Temperature (T), Electrical Conductivity 
(EC) and pH measured in situ during the 
sampling operations with the aid of the Hach 
portable multi-meters models 11d and 14d. 
Ions ammonium (N-NH3

+), nitrate (N-NO3
+), 

sulphate (SO4
3-), chloride (Cl-), magnesium 

(Mg2+) and calcium (Ca2+) were determined 
by colored method with Hach 
spectrophotometer model DR 2010. Ions 
sodium (Na+) and potassium (K+) by 
excitation of atoms with flame photometer 
model Jenway PFP 7 while, ions carbonate 
(CO3

-) and hydro-carbonate (HCO3
-) by 

titration method with HCl 0,1N. Chemical 
features are described on the basis of chemical 
analyses on the water samples from the wells 
and springs studied in the catchment. These 
analyses were made at the Laboratory of 
Inorganic Chemistry and the Laboratory of 
Wastewater Research Unit (WRU), Faculty of 
Sciences, University of Yaounde I. Data 
collected were analyzed using XLSTAT and 
Microsoft Excel 2010 softwares. 

 
Determination of bio-indicators of faecal 
pollution 

The determination of faecal coliforms 
and streptococci was carried out by the 
membrane filtration method using appropriate 
media under sterile conditions (Rodier, 2009) 
at the WRU. The concentration of measured 
bio-indicators is expressed as colony forming 
unit (CFU) per unit volume of 100 ml as 
follows: 
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Figure 2: Location map of the 21 selected sampling wells and springs in the Biyémé upper stream
catchment. 
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RESULTS 
Hydrodynamic characteristics 
Wells in lowlands 

Wells in lowlands showed weak 
fluctuations during the study year. Mean 
seasonal fluctuations ( Figure 4a) show that 
the water table passes through a minimum 
level (1.69 m) in October (flood) and a 
maximum (2.31 m) in January (low water), 
indicating that the recharge of the aquifer 
occurs during the rainy season. Differences in 
water levels between high and low waters in 
these wells vary between 1.76 m and 1.27 m 
giving an annual mean amplitude of ∆1 = 0.49 
m. 
Wells in mid-slope  

In these topographic positions, the 
deepest water does not exceed 10 m. The 
mean seasonal fluctuations (Figure 4b) show 
that in these wells and contrary to the wells in 
lowlands, water attains its minimum level 
(6.34 m) in January and February (low water) 
and its maximum (7.24 m) in April (flood). 
Here, the water level differences between low 
and high waters vary between 6.74 m and 6.09 
m, thus representing a mean annual amplitude 
of ∆2 = 0.65 m. 
Wells in ridge 

In high altitudes, depths of water in the 
soil are quite important, reaching up to 17 m 
like in the well N°15 (Figure 4c). Here, the 
water table attains its minimum level (10.48 
m) in May and its maximum (11.78 m) in 
February for an annual mean amplitude of ∆3 

= 1.30 m.  
prings  

All the springs of this catchment are 
situated in slope-break areas of the catchment. 
Hence they are said to be springs of the 
resurgent type. They equally exhibited weak 
flow rates. The mean flow rates vary from 
0.12 L/s in January to 0.30 L/s in April 
(Figure 4d). Throughout the study, the 
weakest flow rates were recorded in S2 while 
S1 presented the strongest in the catchment. 

 
Physicochemical characteristics of aquifer 

During the aquifer contamination 
follow up period, temperatures of water 
presented mean monthly values that fluctuate 

around 27.0 °C. The pH remained generally 
acidic no matter the water point. Its mean 
values oscillated respectively around 4.8 to 
5.4 in wells, and 5.3 to 5.5 in springs. 
Mineralization in this aquifer depends on the 
nature of the water point, as witnessed by the 
conductivity values which vary from 29.1 to 
939.5 µS/cm. In springs however, this 
parameter falls between 31.8 and 295.5 µS/cm 
(Table 1). 

The curves of variation of nitrates 
(Figure 5a) in the catchment show a slight 
retardation as compared to rainy events in the 
wells. Wells in lowlands showed a high 
vulnerability to nitrates. During low water 
periods, lowland wells registered maximum 
nitrate values in December (71.10 mg/l) and 
January (70.11 mg/l), while those of mid 
slopes were recorded in July (62.11 mg/l). 
Meanwhile, minimum values were recorded in 
July (9.69 mg/l) for ridge wells still during the 
same period. In springs, the dynamics of 
nitrates were synchronous to precipitation 
intensities and to the habitat density of the 
study area. Hence, the maximum 
concentration was observed during high 
rainfall (28.9 mg/l) in S3located in a densely 
populated environment while S5 located in a 
sparsely populated area, showed the weakest 
values even reaching 0.0 mg/l per place in the 
month of October (Figure 4a). The mean 
monthly values of nitrate elements in the 
Biyémé upper stream catchment for the 
considered period are comprised between 3.2 
and 53.2 mg/l in wells, and between 2.4 and 
10.2 mg/l in the springs. These nitrate 
contents that fluctuate proportionally with 
rainfall, increase considerably within the year, 
and mostly exceed WHO threshold values 
meant for human consumption (WHO, 2008; 
2004). 

Curves of Figure 5b for ammonium 
nitrogen dynamics in the area show a small 
overlap with regards to the rainfall 
occurrences no matter the topography in the 
wells. Thus, this excess in ammonia is brought 
about by reactions of the soil residual 
nitrogen. In lowland wells, the maximum 
concentration was observed in November 
(102.4 mg/l) and this during the low water 
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period, meanwhile the minimum value was 
recorded in ridge wells in December (0.6 
mg/l) still during the low water period (Figure 
5b). In springs, the evolution curves show a 
bimodal progression for S3: 17.8 mg/l in 
September (flood period) and 24.0 mg/l in 
February (low water), while S5 was the least 
polluted spring (Figure 5b). The mean 
ammonium nitrogen concentrations oscillated 
between 0.8 and 45.6 mg/l for wells and 
between 0.5 and 5.2 mg/l for springs. These 
values are largely above norms and represent 
a real danger for human health if used as 
drinking water. 

The results of chemical analyses of 
wells and springs water samples collected 
during the twelve campaigns from July 08 to 
June 09 were represented on a piper’s diagram 
(Figure 6). On the diagram, a strong 
dispersion of points indicated that several 
mineralization processes interact inside this 
aquifer. On the whole, underground waters of 
the Biyémé upper stream catchment show 
mainly carbonate features of calcium and 
magnesium in springs and sodium-chloride 
and potassium in wells. Two other features are 
weakly represented: sodium and potassium 
carbonate features as well as calcium and 
magnesium chloride /sulphate features. 

 
Bacteriological contamination of aquifer 

The values of bio-indicators contents 
of this pollution oscillated between 145 to 
7145 CFU/100 ml and 83 to 1954 CFU/100 
ml respectively for faecal coliforms and 
streptococci in wells; and between 622 to 
5255 CFU/100 ml, and 144 to 1707 CFU/100 
ml respectively in springs. The dynamics of 
faecal streptococci (FS) in wells showed a 
synchronous progression with rainfall 
occurrences (Figure 7b). The degree of 
contamination is linked to the topographic 
position of the well. Wells of high topography 
are most vulnerable with maximum values 
getting up to 24x102 CFU/100 ml obtained 
during low water periods (March 09) 
meanwhile those of middle and low 

topographies are less [Figures 7 (a,b) and 8]. 
Springs show important concentrations in S3 

(Figure 7a) is the most vulnerable with 
maximum values getting up to 3x104 CFU/100 
ml of FC obtained during flood periods. 

Contrary to the curve of faecal 
streptococci (FS) dynamics in the area of 
which the evolution does not reveal any 
remarkable form, that of faecal coliforms (FC) 
(Figure 7b) reveals a unimodal trend with a 
maximum peak at (2x104 CFU/100 ml) during 
flood periods (April 09) in wells of high 
altitude; while the evolution of bio-indicators 
in springs is almost similar to the FS in the 
area. Akin to FC, S3 presents a maximum FS 
concentration of 104 CFU/100 ml obtained in 
September. The studied points present a 
bacterial pollution of faecal origin. Wells 
show maximum concentrations while for 
springs; only S3 was most vulnerable to 
contamination by FS.  

Figure 7 of the dynamics of 
Escherichia coli (Ec) shows the same trend 
both for FC and FS. The most vulnerable 
wells to this element are those of high 
topography with the maximum value of 2x103 

CFU/100 ml obtained in the month of 
September; and a minimum of 0 CFU/100 ml 
in the month of November. S3 remains the 
most vulnerable of all springs studied. The 
densities of Escherichia coli in the aquifer 
vary from 12 to 309 CFU/100 ml in wells 
while they are 30 to 304 CFU/100 ml in 
springs throughout the hydrological 
monitoring period considered in this research. 

Considering the mean values obtained 
for the ratios of the mean monthly maxima of 
the FC/FS content (Table 2) established in the 
different water points of the catchment, the 
most probable origin of faecal pollution in 
water supply points were established 
following the criteria of the American Agency 
for the Protection of Environment (Jagals et 
al., 1995). According to these criteria, the 
most probable origin of this pollution is 
human if the ratio is greater than 4; animal if 
the ratio is less than 0.7; human in a mixed 
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population if the ratio is between 2 and 4; 
animal in a mixed population if the ratio is 
between 0.7 and 1, and mixed if the ratio is 
between 1 and 2. In the Biyémé upper stream 
catchment, values are from 1.3 to 3.4 in wells 
from lowland, 0.2 to 2.7 in those of mid-slope 
and 1.4 to 2.9 in ridges. On the other hand, 

springs showed values from 1.5 to 3.1 with 
2.0 as average value in the whole catchment. 
According to the values obtained above, the 
origins of pollution in this study area vary 
with respect to type of water point and can be 
human mixed in general. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Variations of monthly rainfall in the Yaounde city (period of July 08 to June 09). 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Sketch of manual measurement of the despondencies of the water table in the well. 
W = Well; H = Piezometric level; Z = Topographic level; hp = Water depth in the well. 

 Flood Low water Flood 

Low 

water 

 

hp 

Z H 

W1 W2 

Double decameter 

Experimente
Topgraphic level 

Water level in the Ripple

Sea 



F. NTEP et al. / Int. J. Biol. Chem. Sci. 8(3): 1319-1335, 2014 

 

 1326 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Monthly average of the water lever in wells [Lowland(a) mid-slope(b) and ridge(c)] and 
the flow- rate of springs (d) in the Biyémé upper stream catchment (July 08 to June 09).    
W = Well;  S = Spring. 

 
 
DISCUSSION 

Less than 60% of the population of the 
city of Yaounde (2,100,000 inhabitants) 
(Bucrep 2005) actually have access to 
drinkable water; and the city is experiencing a 
serious drinkable water crisis for about three 
years now. The only remedy for the 
compensation of this deficit is wells and 
springs (Ewodo Mboudou et al., 2009). The 
results of physicochemical analyses presented 
in this work showed that the pH, temperature 
and conductivity of waters of this catchment 

can be considered as acceptable and do not 
present any incidence on human health. 
Hence, the mean values of pH (5.4), 
temperature (27.8 °C) and conductivity (291.2 
µS/cm) are compatible with the norms 
required for drinkable water. 

These results are in accord with those 
obtained by Chippaux et al. (2002) on water 
table of the alluvionary plain of Niamey in 
Niger, and Saadia et al. (2007), in the grit-
sandy aquifer of M’nasra in Morocco. 
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Figure 5: Monthly average variation of Nitrogen components concentration [N-NO3

- (a) and N-NH3 

(b)] in wells and springs in relation to the rainfall (July 08 to June 09). Pbf = Wells in lowland;  
Pmp = Wells of mid slope;  Ps = Wells of ridge. 
 

 
The results obtained confirm the 

general pollution of the water table of 
Yaounde to diverse degrees with respect to the 
location of the water point in the catchment, 
the depth of the aquifer as well as the rainfall 
variation in the course of the year. Water 
points located in the lowlands are generally 
the most contaminated. This is in accord with 
the findings of Nola et al. (2000, 2001). 
Contrary to wells, the results of bacterial 
pollution of springs of perennial emergence 
that do not suffer from the instantaneous 
human action inform more on the intrinsic 
quality of underground waters for a given 
region (Boubakar Hassane, 2010). Thus, 

springs of the Biyémé upper stream catchment 
gives a better indication on the status of the 
contamination of this aquifer. 

The values of the faecal bio-indicator 
obtained in the present study corroborates 
those obtained by Nola et al. (2001) in wells 
and springs in the whole region of Yaounde 
and Ewodo Mboudou et al. (2009) of the 
Mingoso catchment, which is a neighbour to 
ours (20 > 10,000 CFU/100 ml for FS and 
FC). These high values of concentration of 
faecal pollution of well waters for domestic 
use in a densely urbanized site are a witness of 
the direct action of the anthropization of the 
water table. 
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Figure 6:  Piper diagram of the Biyémé upper stream catchment groundwater from the period of 
July 08 to June 09. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Monthly average variation of the feacal bio-indicators [FC (a) and FS (b)] in wells and 
springs with respect to rainfall and the topography in the catchment. Pbf = Wells in lowland;  
Pmp = Wells of mid slope;  Ps = Wells of ridge; S = Spring. 
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Figure 8: Monthly average variation of Escherichia coli (Ec) content in wells and springs according 
to the rainfalls and the topography in the catchment.  
Pbf = Wells in lowland; Pmp = Wells of mid slope;  Ps = Wells of ridge; S = Spring.. 
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Table 1: Monthly average concentration of physicochemical pollution in the selected wells and 
springs for the study in the Biyémé upper stream catchment. 
 
 

Water points Studied parameters 

Type Location Code pH T (˚C) E.C. (µS⁄cm) Aquifer 

W13 5.0 27.9 112.1 Alluvial  
W20 5.4 27.8 650.6 Alluvial 

W22 5.3 27.8 522.0 Alluvial 

W30 4.8 27.8 431.3 Alluvial 
Lowland 

W51 5.0 27.4 387.8 Alluvial 

W1 5.6 27.9 939.5 Alteritic 

W49 4.9 27.5 271.9 Alteritic 

W6 5.0 27.8 54.4 Alteritic 

W11 5.1 27.8 520.2 Alteritic 

W26 4.9 27.8 182.4 Alteritic 

W28 4.9 27.7 238.3 Alteritic 

W36 4.9 27.8 112.7 Alteritic 

Mid-Slope 

W42 4.7 27.7 255.4 Alteritic 

W7 5.4 28.0 29.1 Alteritic 

W32 4.8 27.9 162.6 Alteritic 

W
el

ls
 

Ridge 

W15 4.8 27.8 201.8 Alteritic 

 S1 5.4 27.9 54.3 Re-emergent 

 S2 5.5 27.8 116.7 Re-emergent 

 S3 5.4 27.8 97.1 Re-emergent 

 S4 5.3 27.8 295.5 Re-emergent S
p

ri
n

g
s 

 S5 5.3 27.8 31.8 Re-emergent 

WHO 
Standard

  6.5 – 8.5 25.0 < 100  

            W = Well;  S = Spring. 
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Table 2: Monthly report of average concentration of bio-indicators in wells and springs and the 
probable origin of faecal pollution in the Biyémé upper stream catchment. 
 

Water points Studied parameters 
Type Location Code FC FS FC/FS Origin of faecal pollution 

W13 1522.0 1203.0 1.3 Human mixed 

W20 3367.0 1954.0 1.7 Mixed 

W22 1127.0 512.0 2.2 Human mixed 
W30 1101.0 328.0 3.4 Human mixed 

Lowland 

W51 407.0 188.0 2.2 Human mixed 
W1 554.0 554.0 1.0 Human mixed 

W49 174.0 174.0 1.0 Animal mixed 

W6 684.0 344.0 2.0 Animal mixed 

W11 223.0 117.0 1.9 Mixed 

W26 174.0 83.0 2.1 Human mixed 

W28 491.0 181.0 2.7 Human mixed 

W36 1234.0 458.0 2.7 Human mixed 

Mid-Slope 

W42 145.0 775.0 0.2 Animal 

W7 658.0 230.0 2.9 Mixed 

W32 7415.0 1544.0 4.8 Human mixed 

W
el

ls
 

Ridge 

W15 821.0 603.0 1.4 Human 

 Mean on wells 1256.1 578.0 2.1 Human mixed 

 S1 422.0 144.0 2.9 Human mixed 

 S2 892.0 503.0 1.8 Mixed 

 S3 5255.0 1707.0 3.1 Human mixed 

 S4 964.0 625.0 1.5 Mixed S
p

ri
n

g
s 

 S5 622.0 266.0 2.3 Human mixed 

 Mean on springs 1631.0 649.0 2.5 Human mixed 

Catchment mean 1443.5 613.5 2.0 Human mixed 
   W = Well;  S = Spring; 

 
 
A longitudinal projection of water 

points confirms the seasonal variation and 
stability of the phenomenon throughout the 
year. Nonetheless, the latter is more rapid in 
springs than in wells. This difference in 
reaction of water table throughout the water 
points is directly linked to the more or less 
fissured nature of the basic substratum. 
Springs that are situated in depressions and 

zones of abrupt rupture of the slope of the 
catchment showed a quick response to the 
water table following rainfall occurrences. 
Hence, the characteristic curves of the 
dynamics of pollutants in springs showed 
maximum concentration peaks with maximum 
intensity of precipitations wells responding 
only later (Figures 5, 6 and 7). However, 
analyses of these graphics show that the 
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contamination process in wells, especially 
those located in lowlands are constant in their 
progression throughout the year. In lowlands 
zones, bacteria are allochtonous and originate 
from the propagation of infiltrated 
microorganisms subsequent to the pollution of 
underground waters by runoff (surface 
wastewaters), the transfer of microorganisms 
in the soil occurring by means of vertical and 
horizontal infiltrations of the surface waters 
(Mayer et al., 1997; Dzeda et al., 1998). 
Hence, the risks of chemical and biological 
pollution depend partly on the characteristics 
of infiltration waters and on the natural 
properties of the geological layers that 
separate water table from the soil surface. 
Wastewaters, therefore, constitute the main 
“vector” for the transfer of microorganisms in 
the soil. Boutin (1987) mentioned that the 
aquifer is more vulnerable when the ceiling of 
the water table is close to the soil surface, 
when the overcoming fields of the aquifer are 
permeable and/or when the superficial 
pollution sources are important. If the sources 
of pollution of wells located in the lowlands 
of the catchment can be easily identified, it is 
however, difficult to understand the 
mechanisms of transfer of pollutants for those 
of the catchment ridge. Bouvier et al. (1986) 
showed that the infiltration speed at the 
surface of the soil is weak of the order of 5 
mm.h-1 by reason of the generalized of 
superficial crusts in the first centimeters, 
which limits the direct vertical recharge of the 
water table by rainfall. Leduc et al. (1997) 
consider that the recharge of the water table 
occurs at precisely localized zones of water 
accumulation, notably pools fed by 
consecutive runoffs following rainfall 
occurrences. Hence, the concentration of 
pollutants at the surface is advantageous for 
their treatment as compared to diffuse sources. 
The underground water of the study site also 
presents high nitrate concentration. Saadi et 
al. (1999) mentioned that nitrates in the soil 
could be due to the texture of the surface and 

the lithology; strong precipitations and the 
absence of plant cover contribute to the rapid 
lixiviation of nitrates towards the water table. 
Once in the soil and under oxidizing 
conditions, nitrogen gets nitrified. Ammonium 
nitrogen stocked in the soil by absorption 
during the rainy season gets oxidized 
progressively with the corresponding drop in 
the water level and the progression of the non-
saturated zone in the dry season. Nitrogen of 
nitrate being a very mobile form in contrast to 
ammonium nitrogen quickly gets to the water 
table. The most documented impact of nitrates 
on human health is the risk of formation of 
methemoglobine, a stable oxidized form of 
haemoglobin which is unable to release 
oxygen to the tissues. Potential risks of 
cancerogenicity and teratogenicity can also be 
associated to the ingestion of nitrates 
(Laferriere et al., 1995). The presence of 
pollutants especially bacterial pollutants in the 
water points located in the ridge of the 
catchment is more disturbing and could 
signify a general insalubrity of underground 
waters of the city of Yaounde. The ratios of 
mean monthly maxima of FC/FS contents 
established in the different water points of the 
catchment scale between 1.4 and 2.5 for a 
general average of 2.1 (Table 2). These ratios 
testify that the waters of the wells and springs 
of water supply from the Biyémé upper stream 
the catchment presented a faecal pollution of 
diverse origins which can either be human 
mixed to human strictly. 

 
Conclusion 

Several results of studies carried out 
since the days of Bemmo et al. (1998), then 
those of Nola et al. (2000, 2001), underlined 
the pollution of the Yaounde aquifer, with its 
consequent potential sanitary risk. But it was 
difficult then to evaluate the importance and 
most especially the spatio-temporal dynamics 
of the latter, because the methodology used 
for these studies were on a large scale area 
with a quite high error margin. Our research 
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allows, from this point of view, for the 
precision of the importance of the pollution 
and its potential origins in a closed and 
reduced surface. Hence, wells of low depth 
and frequently influenced by floods and 
dryness of the draining water course of the 
catchment appear to be strongly contaminated 
by organic matter of human and animal origin. 
This pollution is directly linked to the 
insufficiency of sanitation infrastructures 
and/or domestic waste collector systems. The 
springs on the other hand did not present a 
strong contamination throughout the study and 
the few registered peaks in the months of 
September and April, are most often nothing 
but the result of an instantaneous soiling 
especially when surface wastewaters are not 
well drained. In qualitative terms, the analyses 
of piper’s diagram reveals that no matter the 
season, two major types of features and an 
evolution towards a third feature are 
characteristic of these underground waters. 
These are calcium and magnesium 
bicarbonates for waters from springs, and 
chlorides of sodium and potassium with an 
evolution towards a sodium sulphate features 
for wells. This result shows that geological 
processes in majority are the ones controlling 
the mineralization of groundwater in this 
catchment; and these latter are strongly 
influenced by water-rock interactions. 
Nevertheless, anthropic contributions 
considerably modify the mineralization of 
these underground waters. The relation 
between seasonal piezometric fluctuations and 
seasonal variations of the total mineralization 
in the different aquifers strengthen this 
conclusion. Nitrates here are non- negligible 
by reason of their great spatial variability. In 
effect, more than 53% of the sampled water 
points showed nitrate concentrations higher 
than the WHO norm of (11.36 mg/l N-NO3

-) 
for the safety of drinkable water. Urbanization 
is the factor favouring an increase in the 
mineralization of underground waters. This is 
justified by the fact that the quality of water 

varies considerably between neighbouring 
wells and reveals a punctual pollution 
character. The degree of pollution observed in 
wells, especially those situated in high 
topographies of the catchment, confirms that 
this catchment presents a potential sanitary 
risk especially as these waters are used by the 
populations for all purposes. Also, more 
studies should be conducted to monitor the 
evolution of pollution in the water table and 
appropriate measures taken to protect this 
natural resource. In perspective, it should be 
appropriate to establish a vulnerability map of 
the catchment showing more vulnerable areas. 
This mapping should take into account, 
among other parameters, the aquifer depth; the 
effective recharge; the nature of the aquifer; 
soil type; the topography of the well; the 
impact of the non-saturated and hydraulic 
conductivity. 
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