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Abstract:

This study was carried out in order to characterize on the physico-chemical level the waters of Ebolowa Municipal
Lake. To study this hydrosystem, three sampling sites (S1, S2 and S3) were monitored throughout a seasonal cycle, to
identify the lake water typology based on the characteristics of effluents discharged in to it. Fifteen parameters were
measured in the field and in the laboratory on the three sites. The results obtained have been subject to multi-variate
statistical treatment via the Principal Component Analysis (PCA), and revealed that sampling sites S1 and S3 are the
most polluted, while site S2Z shows moderate pollution. Three distinct water typology groups were highlight : the first
one corresponding to waters of site S1, is the group of water rich in organic matter; the second one, group of
mineralized, deep and oxygen rich waters correspond to waters of site S2 ; and the last one corresponding to waters of
site S1 is the group of turbid waters rich in suspended matters. The anthropic activities developing near this water
body are undoubtedly the cause of this pollution.

Keywords: Water quality, physico-chemical analysis, principal component analysis, water typology, ebolowa
municipal lake

1. Introduction

The degradation of surface water quality is one of the major environmental problems facing humanity.
Freshwater resources such as rivers, lakes, reservoirs and wetlands are being degraded around the world as a result of
pollution from point and non-point sources ‘Zalewski and Wagner-Lotkowska, 2002 ; Adjia et al,, 2013”. Numerous studies
have been carried out on the effects of industrial and urban discharges on the evolution of surface water quality and the
pollution of continental aquatic ecosystems ‘Reggam et al., 2015”. Human activities (industrial and agricultural activities,
etc.) are some of the main causes of surface water pollution and the origin of stress in aquatic ecosystems ‘Njine et al,,
2007”. In recent years, many African countries have experienced a rapid increase in population accompanied by
unplanned urbanization and intensive industrial and agricultural developments. All this has led to an increase in the flow
of effluent discharged into water bodies, having undesirable effects on the various components of the aquatic
environment. Many water bodies have already been irreversibly damaged, particularly those located near large human
settlements ‘Zohary et al., 1996”. In Cameroon, several point sources of pollution have been identified but, considering the
whole country, the main problems of water pollution seem to be mainly due to the lack of a real waste management
strategy, with the consequence of the inexistence of sewerage systems. This institutional failure is coupled in the large
cities with the incivility of the population, who constantly deposit waste from all human activities in to the aquatic
environment. This situation has resulted in the pollution of urban water bodies, particularly lakes, whose multiple roles
(recreational, touristic, cultural and aesthetic) have been altered, leading to the loss of social and economic benefits ‘Ridhi
and Garg, 2015”. In the capital city Yaounde, several lakes and ponds are endangered due to anthropogenic eutrophication.
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The case of the Yaounde Municipal Lake no longer need to be demontrated. Since the beginning of 1980’s, this
hydrosystem is undergoing a strong agression due to untreated effluent discharge into it ‘Njine et al., 2007”. The Ebolowa
Municipal Lake (EML) is a case in point. Situated in the capital of the south region of Cameroon, the EML serves as a waste
dump for garbage and waste water from riverside households ; for the Central Market (CM) and the Ebolowa Regional
Hospital (ERH). Considering the large pollution load, there is no doubt that this aquatic ecosystem is disturbed. In the early
2000’s, this lake has been experiencing a notable degradation of the physico-chemical and biological quality of its waters
‘Ewane, 2005”.

The present work, based on the multivariate analysis, aims to characterize the EML waters at the physico-
chemical level. Specifically it is more about: (1) to carry out a physico-chemical analysis of the lake waters ; (2) to bring
out the typology of the lake waters, this by applying the Principal Component Analysis (PCA).

2. Materials and Methods

2.1. Présentation of the Study Area

Ebolowa Municipal Lake (Fig. 1) is an artificial lake, created in 1962 on the courses of two rivers, Mfoumou River
and Bengo'o River ‘Ewane, 2005”. Initially developed for water sports, fish farming and tourism, the lake was abandoned
for a long time, although artisanal fishing continued to be carried out. At the present, some recreational activities (boat
trips, swimming, fishing, etc) are being around the lake.

The study area is located in the humid equatorial domain, which is under the influence of the ‘Guinean’ climate.
This climate is divided into four seasons : a long rainy season from mid-March to mid-July ; a short rainy season from mid-
August to mid-November ; a long dry season from mid-November to mid-March ; and a short dry season from mid-July to
mid-August. Annual rainfall in the area varies between 1500 and 2000 mm, with an annual temperature range of 2°C, for
an average temperature of 25°C ‘ERA-Cameroun, 2007”. This reservoir, whose surface area decrease over the years (16 ha
in 2005 for 13.25 ha in 2013), is located between the Angale, Nko'ovos I and Ekombite districts behind the Ebolowa
Regional Hospital (Fig. 1). In the NNW direction, it receives water from the Mfoumou River on the side of central market ;
while the Bengo'o River flows in to the lake in the NNE direction. The outlet of this lake is a concrete structure that
connects the city centre to the Angale district ‘Adjia et al., 2013; Ewane, 2005”.

Legend
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Figure 1: The Study Area and the Sampling Sites

2.2. Sampling and Field Measurements
Sampling was done based on the arc shape nature of the lake and also its recharge. To ensure a better coverage of
the study area, three sampling sites were selected (Table 1 ; Fig. 1).

Site GPS Coordinate Elevation (m) Description
1 02955.343'N ; 011209.290°E 581 Located at few meter.s frqm the entrance of the
Mfoumou River into the lake.
52 02°55.312'N ; 011209.478E 576 Located morfee‘?vrrf:tsei‘; g;‘;tfse;‘lfflzfthe lake, at
S3 | 02055.573N;011209.217E 578 Located a;feergé?jz‘feirfnr?ot?;eelggjnCe of the

Table 1: Georeferenced Position and Description of Sampling Sites
Source ‘Adjia et al, 2013”
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Fifteen physico-chemical parameters were measured in the field and/or in the laboratory, this at the three
selected sampling sites. Sampling was carried out on a bi- monthly basis, from February to September 2012, in order to
cover all the four seasons. Sampling was done on the surface and at 0.5m depth, as indicated for shallow lakes ‘Izydorczyk,
2004”. Temperature (Temp), Transparency (Tra) and Depth (Dep) were measured in the field. Water samples for physico-
chemical analysis were collected using the labelled 1L PVC bottles. At each sampling site, the bottles were rinsed three
time with the water to be analysed before sampling. The samples for analysis were then transported in a cooler, to the
Waste Water Research Unit of the Plant Physiology Laboratory of the University of Yaounde I.

2.3. Laboratory Analysis

The physico-chemical analysis methods described by the Afnor standards on ‘Water quality’, those of Rodier on
‘Water analysis’ and APHA ‘A.F.N.O.R,, 1997 ; Rodier, 2009 ; A.P.H.A,, 1998” are those used in this study for laboratory
analysis. The following physico-chemical parameters were analysed in the laboratory : Hydrogen Potential (pH), Electrical
Conductivity (EC), Turbidity (Tur), Total Dissolved Solids (TDS), Suspended Matters
(SM), Dissolved Oxygen (DO), Dissolved Organic Carbon (DOC), Nitrites (NO,™), Nitrates (NOs~), Ammonium (NH,*),
Ortho-phosphates (P0,3"), Silica (SiO2). All the equipment used for analysis were previously calibrated ‘A.F.N.O.R., 1997 ;
Rodier, 2009”. Table 2 gives a summary of the physico-chemical parameters analysed, their units and the analysis method
used.

Parameters Abbreviations Units Analytical Method
Temperature Tem °C Electrometry
pH pH pH Units Electrometry
Electrical Conductivity EC uScm-t Conductivity meter
Turbidity Tur FNU Turbidity meter
Transparency Tra cm Secchi disk
Depth Dep cm Secchi disk
Total Dissolved Solids TDS mg.L-1 Spectrophotometric
Suspended Matters SM mg.L1 Spectrophotometric
DissolvedOxygen DO mg.L1 Winkler method
Dissolved Organic Carbon DOC mg.L1 Titrimetric method
Nitrites NO,~ mg.L1 UV Spectrophotometric method
Nitrates NO3~ mg.L1 UV Spectrophotometric method
Ammonium NH,* mg.L1 UV Spectrophotometric method
Ortho-phosphates P0,3" mg.L1 UV Spectrophotometric method
Silica SiO, mg.L1 Colorimetric method

Table 2: Physico-Chemical Parameters, Abbreviation, Unit and Analysis Method

2.4. Data Processing and Principal Component Analysis (Pca)

The Principal Component Analysis (PCA) is a multi-variate analysis method allowing the simultaneous study of a
large number of variables, whose total information cannot be viewed because of a space of more than three dimensions.
With the aim of concentrating the information on a minimum number of axes ‘Mouissi and Alayat, 2016 ; Ayadi et al,,
2008”, the PCA provides information on the most significant parameters describing the data set, and summarizes the
statistical correlations between these parameters with minimal loss of original information ‘Ridhi and Garg, 2015”. Widely
used for hydro-chemical data interpretation ‘Abrid, 2015”, this method would allow to highlight the relationships between
the variables and the phenomena behind these relationships. PCA is therefore a tool that has the potential to simplify the
study of aquatic ecosystems and reduce costs by reducing the number of variables to be taken in account ‘Mouissi and
Alayat, 2016”. In this study, statistical analysis of the physico-chemical data was performed on a data matrix of 15
parameters distributed over three sampling sites. PCA made it possible to highlight the interrelationships between the
physico-chemical parameters of the EML waters, as well as their distribution in the three (03) sampling sites. The RStudio
interface of the statistical analysis software R was used for the statistical calculations ‘Husson et al., 2009”, as well as for
the Principal Component Analysis (PCA) ‘Lé et al., 2008”.

3. Results And Discussion

3.1. Main Sources of Water Pollution in Ebolowa’s Municipal Lake (EML)

The field observations have shown the existence of several activities developing near of the EML and highly
contributing to the pollution of the lake (Fig. 2). The presence of the Central market (CM), the Ebolowa’s Regional hospital
(ERH) and the riverside houses nearby the LME undoubtedly drain wastewaters into this watercourse. In addition to this
situation, there are uncontrolled garbage dumps, car washing and the use of fertilizers for crops (lettuce, nightshade...)
close of this hydrosystem. As a result of the increasing occupation of the surrounding space, all these urban discharges
unfortunately end up in the lake, and there is a visible degradation of the quality of its waters.
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Central Market garbage dump near the ‘Washing of cars and motorcreles at the entrance
Mfoumou river of the Bengo’o river into the lake

Figure 2: Inventory of A Few Sites near the Ebolowa Municipal Lake (EML)

3.2. Physico-Chemical Characterization of EML Waters

The physico-chemical indicators of water quality, are often subject to spatial and temporal variations induced by
anthropogenic activities that modify the water characteristics and affect its quality. Thus, measurements of these
parameters in a hydrosystem can provide informations on the waters pollution degree of this aquatic ecosystem ‘Reggam
etal, 2015”. The results of the physico-chemical analysis of EML waters are presented in Table 3.

Temperature (Tem) is an essential parameter in the water quality assessment and is one of the important factors
controlling almost all the physico-chemical and biological reactions in aquatic environments ‘Ayah et al., 2015; Chapman
and Kimstach, 1996”. EML water’s temperature shows slight vatiations for the three sampling sites (51, S2 and S3). Mean
temperature values range from (25.18 + 0.72°C) at sampling site S1, (25.09 + 0.87°C) at site S2 and (24.89 * 1.00°C) at site
S3. The shallow depth of the lake ensures that the water temperature in this lake remains more or less homogeneous
throughout the thickness of the water slice. These results are in line with two others studies carried out respectively at the
Yaounde Municipal Lake ‘Njine et al., 2007 ; Kemka and al., 2003” and at the Mopfou Dam ‘Djoko, 2007”, which showed
that at the epilimnion level of these water bodies, temperature variations are very small.

S1 S2 S3
Min Max Mean Sd Min Max. Mean Sd Min. Max. | Mean Sd
Tem | 24.00 | 26.20 | 25.18 | 0.72 | 23.10 | 2590 | 25.09 | 0.87 | 22.85 | 26.00 | 24.89 | 1.00
pH 6.71 7.35 6.97 0.19 6.89 7.38 7.06 0.16 6.40 7.40 6.78 0.39
CE | 12735 | 357.45 | 28291 | 78.41 | 124.85 | 359.35 | 281.29 | 77.85 | 120.85 | 353.55 | 278.96 | 77.18
Tur | 25.50 59 46.06 | 10.95 | 46.00 69.5 55.69 | 6.60 | 58.50 | 65.50 | 62.00 | 2.44
Tra | 20.00 | 40.00 | 30.50 | 7.15 | 38.00 | 49.00 | 40.88 | 3.60 | 28.00 | 63.00 | 43.38 | 14.24
Dep | 44.50 | 80.00 | 66.44 | 12.78 | 100.00 | 142.00 | 119.44 | 13.80 | 50.00 | 110.50 | 73.38 | 21.73
TDS | 28.25 | 97.45 | 58.23 | 24.70 | 2546 | 83.35 | 46.29 | 20.20 | 16.95 | 69.55 | 33.43 | 17.09
SM 16.50 | 38.00 | 25.84 | 6.62 8.00 47.00 | 24.86 | 11.99 | 5.00 17.50 | 13.06 | 3.94
DO 1.10 2.40 1.71 0.48 1.20 3.00 2.49 0.57 0.70 1.90 1.22 0.44
DOC 8.66 22.80 | 12.31 | 4.75 5.14 17.50 8.86 4.10 9.10 27.00 | 16.43 | 6.58
NO,” | 0.00 0.07 0.02 0.02 0.00 0.06 0.01 0.02 0.00 0.06 0.01 0.02
NO;~ | 0.20 6.40 3.04 2.02 0.00 8.90 3.61 2.80 0.00 7.00 3.74 2.50
NH,* | 0.71 2.61 1.50 0.64 0.53 1.84 1.07 0.37 0.50 1.47 0.85 0.38
PO,*" | 0.11 1.24 0.58 0.37 0.03 0.47 0.22 0.16 0.10 1.24 0.36 0.36
Si0; 1.30 3.40 2.71 0.72 0.80 2.90 2.23 0.69 1.20 3.20 2.40 0.84
Table 3: Summary of the Physico-Chemical Parameters Analysed at the EML (Minimum and Maximum Values, Mean and
Standard Deviation) According to the Sampling Sites

The Hydrogen Potential (pH) measures the concentration of hydronium ions (H+), and results from the
mobilization of the carbon dioxide by the water photosynthetic activity ‘Adjia et al.,, 2013”. The mean pH values of the EML
range from (6.97 * 0.19) for site S1, (7.06 * 0.16) for site S2 and (6.78 = 0.39) for site S3. The season has an influence on
the the water pH because during the rainy season for example, there is dilution of the different ions in the water leading to
a decrease in pH values. These values, which fluctuate around neutrality, indicate that EML waters are slightly acidic to
slightly alkaline ‘Madjiki, 2013”.
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Electrical conductivity (EC) refers to the ability of water to conduct electricity. Mean EC values at the EML varied
from (282.92 + 78.41 puS.cm-1) for site S1, (281.29 + 77.85 uS.cm-1) for site S2 and (278.96 + 77.18 uS.cm-1) for site S3.
The minimum values are obtained during the rainy season, a consequence of the ions dilution in solution and also because
the effluents pourred in to the lake contained organic matters known for their ability to change the conductivity
‘Stodddard et al., 1999”. From the EC values obtained, we can say that EML waters are moderately mineralized, this
because in the aquatic environment the EC is proportional to the water mineralization degree ‘Madjiki, 2013”.

Turbidity is the measure of the more or less turbid aspect of the water. Closely related to water transparency,
which evaluates the depth of disappearance of a white Secchi disc in the water, turbidity is caused by the presence in the
water of various particulate or colloidal materials composed of silts, clays, organic or inorganic compounds as well as
plankton and other microorganisms. The mean turbidity values for the three sampling sites are (46.06 + 10.95 FNU) for
S1; (55.69 = 6.60 FNU) for S2 and (62.00 + 2.45 FNU) for S3. These turbidity values vary according to the sampling site
with a minimum value of 25.50 FNU and a maximum value of 69.50 FNU for the lake taken as a whole. .

The transparency of the EML does not exceed 65 cm for the three sampling sites. The mean transparency value for
the lake as a whole is (38.25 * 10.66 cm), with extreme values of 20.00 cm and 63.00 cm respectively.

Depth values recorded in the field ranged from 44.50 to 80.00 cm for the sampling site S1; 100.00 to 142.00 cm
for site S2 and 50.00 to 110.50 cm for site S3. The average depth value for the lake is about (86.42 + 28.79 cm).

These results show that the sampling site S2 is the one presenting the highest depth values, this probably because
of its position more or less in the centre of the lake, quite far from the various sources of pollution of this water body.

TDS represents the total concentration of dissolved solids in the water, often composed of inorganic salts and some
organic matters. Average TDS values in EML waters are quite low for all the three sampling sites. These values are of
(58.23 + 24.70 mg.L-1) for site S1, (46.29 + 20.20 mg.L-1) for site S2 and (33.43 + 17.09 mg.L-1) for site S3.

SM originates from mineral and organic particles washed by rain erosion and carried by water, or re-suspended
during water recirculation phenomena. Throughout the sampling period, sampling sites S1 and S2 had the highest values
of SM. The mean concentrations for the three sites are (25.84 * 6.62 mg.L-1) for site S1 ; (24.88 + 12.00 mg.L-1) for site S2
and (13.06 * 3.94 mg.L-1) for site S3. The average value for the lake is of about (21.26 * 9.85 mg.L-1). The low levels of
TDS and SM at the sampling site S3 can be explained by the fast circulation of the Bengo'o River waters as it enter the EML,
thus preventing the deposition of these materials near the sampling site.

Dissolved oxygen (DO) is one of the most important parameters in water quality assessment, as it affects the
survival and distribution of aquatic flora and fauna. DO content is important for the needs of many organisms because it
affects the solubility of many nutrients, as well as the productivity of the aquatic ecosystem ‘Ridhi and Garg, 2015; Wetzel,
1983”. DO in surface waters comes from the atmosphere and the photosynthetic activity of aquatic plants ‘Arrignon, 1991”.
In EML, the average DO content is of (1.71 * 0.48 mg. L-1) for site S1; (2.49 £ 0.57 mg.L-1) for site S2 and (1.22 + 0.44
mg.L-1) for site S3. The lake waters appears to be oxygenated however, the very low DO levels for all the three sampling
sites indicates the poor quality of the water. As a matter of fact, when the dioxygen (02) concentration is below 2.00 mg. L-
1 (as in the case for sites S1 and S3), many aquatic organisms die as a result of the decomposition processes that reduced
DO levels ‘Cunningham and Saigo, 1997”. The low DO levels observed at these two sampling sites in particular may be
assigned to effluents discharged by riverine populations in to the Mfoumou and the Bengo'o rivers located near these two
sites and which supplied the LME.

Closely related to the DO content, the Dissolved Organic Carbon (DOC) content go in the opposite direction to that
of DO because, during the photosynthesis process, carbon dioxide (CO2) is consumed and dioxygen (02) is released. The
mean DOC values for the the three sampling sites are of (12.31 * 4.71 mg. L-1) for site S1, (8.86 + 4.10 mg.L-1) for site S2
and (16.43 + 6.58 mg.L-1) for site S3.

Nitrite ions (NO,~) comes from incomplete oxidation of ammonia or reduction of nitrate (NO3™) by denitrifying
bacteria. The average NO,™ levels in the EML waters are low and are of (0.02 + 0.02 mg. L-1) for site S1, (0.01 + 0.02 mg.L-
1) for sites S2 and S3.

Nitrogen water pollution can be estimated by measuring nitrate (NO;~) and ammonium (NH,*) ions in water.
NO;™ ions represent the most soluble form of nitrogen, its presence in surface waters is linked to the intensive use of
chemical or organic fertilizers ‘Njine et al., 2007 ; Lgourna et al,, 2014”. The average concentrations of NOs™ in the lake
varies between (3.04 + 2.02 mg. L-1) for the S1 site, (3.61 + 2.80 mg.L-1) for the S2 site and (3.74 * 2.50 mg.L-1) for the S3
site. The agricultural activities carried out by the riverside populations could be able to explain the observed
concentrations of nitrate in the lake waters.

Coming from anaerobic conditions in ecosystems, the ammonium (NH,*) ion is the main form of nitrogen in the
nature ‘Njine et al., 2007”. At the LME, the mean concentrations of NH,* range from (1.50 + 0.64 mg.L-1) for point S1, (1.07
+0.37 mg.L-1) for point S2 and (0.85 * 0.38 mg.L-1) for point S3.

Phosphorus is one of the most important biogenic elements in nature, essential for the growth of algae, bacteria
and protozoa ‘El Oumlouki et al., 2014”. Eutrophication problems in water start when the concentrations of this element
range from 0.34 to 0.70 mg.L-1 ‘Ayah et al., 2015” On the EML, mean concentrations of ortho-phosphates (P0,>") are
higher at sites S1 (0.58 + 0.37 mg.L-1) and S3 (0.36 * 0.36 mg.L-1) compared to site S2 (0.22 + 0.16 mg.L-1). This is the
consequence of the activities carried out by riverine populations of the two rivers that supply the lake. The use of
fertilizers for crop cultivation is a common practice in the area where the Mfoumou River waters enters in to the lake.
Coupled to household waste dumps and waste from the CM, these could probably be the origin of the degradation of water
quality at the sampling site S1. At site S3, effluents from the ERH and the intense vehicles washing activities in the Bengo'o
River could be the source of pollutant enrichment (particularly phosphates) of water at this site. This could explain the
intense proliferation of macrophytes at sites S1 and S3. It also explains the presence of particular phytoplanktonic groups
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which are characteristic of eutrophic to hyper-eutrophic waters such as the Cyanobacteria (blue-green algaes) present in
this lake ‘Madjiki, 2013”.

Variations in silica (SiO2) fluxes are dependent on lithology, erosion rate, climate and diatoms production ‘Mouissi
and Alayat, 2016”. In EML, SiO2 levels are relatively low (2.71 * 0.72 mg. L-1) for site S1; (2.23 £+ 0.69 mg.L-1) for site S2
and (2.40 * 0.84 mg.L-1) for site S3. Although sites S1 and S3 have the highest mean concentrations. The low values of Si02
at the EML can be explained by the intense assimilation of this element by Diatoms, a large phytoplanktonic group present
in this lake ‘Madjiki, 2013”.

3.3. Principal Component Analysis (PCA)

The Pearson’s Correlation Coefficient was used in order to determine the relationships between the fifteen water
quality parameters of the EML. The study of the linear bi-variate correlations between the studied parameters, provides
information on the strength of possible associations between them ‘Benchaar, 1999’. Correlation matrix of the 15
parameters is presented in Table 4. Significant and positive correlations are observed between Tem and EC (r = 0.53) ;
Tem and SiO; (r = 0.50) ; pH and EC (r =0.51) ; ECand TDS (r = 0. 50) ; Tur and Tra (r = 0.52) ; Dep and DO (r = 0.57) ; TDS
and SM (r=0.65) ; TDS and NH,* (r = 0.66) and between DOC and NO,(r=0.50).
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Table 4: Correlation Matrix of Physico-Chemical Parameters Studied at the EML.
Values in Bold Are Significantly Different from 0 at a Level Alpha=0.05
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Significant and negative correlations are also observed between Tem and NO,™ (r = - 0.64); EC and NO,™ (r = -
0.80); DO and PO,* (r = - 0.50); NO,™ and SiO; (r = - 0.53) and between NO;~ and P0O,3" (r = - 0.50). There is not
correlation between the nitrogenous compound (NO;~, NO3~ and NH,*).

The eigenvalues (Variances) of the correlation matrix, allow to measure the percentage of the expressed variance
by each dimension or factorial (Table 5). This table shows that the first three dimensions represent 56.47% of the total
inertia, with 26.02% for the first dimension (Dim-1), 17.29% for the second dimension (Dim-2) and 13.16% for the third
dimension (Dim-3). These three dimensions seems to be sufficient to express the essential of this inertia, meaning that, the
representation of the data in these three dimensions provides adequate information on the proximity of the elements.
Dimensions 1, 2 and 3 thus selected, highlight their correlations with the various studied variables (Table 6). In order to
facilitate the understanding of the expressed variability by the dimensions, attention is focused on the variables having a
strong contribution to the dimension or to the principal component, as presented in (Fig. 3 : 3a, 3b, 3c). The red dashed
line on the graph indicates the expected average contribution (threshold contribution).

Dim-1 Dim-2 Dim-3 | Dim-4 | Dim-5 | Dim-6 | Dim-7 | Dim-8
Valeur propre 3.90 2.59 1.97 1.58 1.29 1.14 0.64 0.54
Variabilité (%) 26.02 17.29 13.16 10.55 8.62 7.59 4.23 3.59
% cumulé 26.02 43.31 56.47 67.02 75.64 83.23 87.46 91.08

Table 5: Eigenvalues and Percentages of Expressed Variances by Dimensions

For a given dimension, a variable with a contribution above this threshold may be considered important for

contributing to the dimension ‘STHDA, 2017”.

Variables Dim-1 Dim-2 Dim-3
Tem 0.72 -0.05 -0.35
pH 0.44 0.12 0.19
EC 0.77 -0.09 -0.34
Tur -0.14 0.37 -0.42
Tra -0.04 0.57 -0.38
Dep 0.06 0.61 0.17
TDS 0.75 0.06 0.34
SS 0.47 -0.06 0.70
DO 0.24 0.71 0.39
DOC -0.68 -0.41 -0.06
NO, -0.75 0.13 0.53
NOs3 0.34 0.51 -0.28
NH4* 0.55 -0.08 0.37
PO,43 0.25 -0.76 0.12
Si0; 0.49 -0.44 -0.24

Table 6: Correlations between Variables and the Main Dimensions

The variables that have a contribution greater than or equal to the expected average contribution are :
EC (14.95%), TDS (14.50%), NO,™ (14.28%), Tem (13.45%), DOC (11.74%) et NH," (7.76%) for the first principal

component (Dim-1) ;

e P0,* (22.47%), DO (19.66%), Dep (14.21%), Tra (12.34%), NO;~ (10.04%) et SiO, (7.36%) for the second
principal component (Dim-2) ;

e SM (24.94%), NO,~ (14.35%), Tur (9.07%), DO (7.89)%, Tra (7.33%), et NH,* (7.07%) for the third principal
component (Dim-3).
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The graphs of the Principal Component Analysis (PCA) for variables and for individuals in the three factorial
planes (Dim-1-2, Dim-2-3 and Dim-3-4) presented as correlation circles (for variables) and as confidence ellipses (for
individuals) highlight groupings, oppositions and directional trends.

For variables, each of the three factorial planes exhibit two poles (Fig. 4, 5, 6) :
e The first principal component (Dim-1), which displays 26.02% of the expressed variance (Fig. 4), defines an axis
of mineralization with an inorganic salts enrichment. It opposes the EC, TDS, Tem, NH,* (variables positively
linked to the axis) to NO,™ and DOC (variables negatively linked to the axis) ;

INDIVIDUALS FACTOR MAP (PCA) : Dim-1-2 (43.31%)

VARIABLES FACTOR MA_P [PCA) : Dim-1-2 (43.31%) Conflidence ellipses around the cltfgurin of Sampling Point

e

Dim 2 (17.29%)

F)
= 81

Dim 2 (17.29%)

Dim 1 (26.02%) Dim 1 (26.02%)

Figure 4: Projection of Variables and Individuals on the First Factorial Plane Dim-1-2

e The second principal component (Dim-2), which represent 17.29% of the information (Fig. 5), characterizes an
erosion axis with organic matters pollution from organic matters. It opposes DO, Dep, Tra and NO3~ (variables
positively linked to the axis) to PO, and SiO; (variables negatively linked to the axis) ;
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Confidence ellipses around the eategories of Sampling Point
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Figure 5: Projection of Variables and Individuals on the Second Factorial Plane Dim-2-3

e The third principal component (Dim-3) which shows 13.16% of the expressed variance (Fig. 6), reflects an axis of
suspended matters enrichment, with more or less turbid waters. It opposes SM, NO,~, DO and NH,* (variables
positively linked to the axis), to Tur and Tra (variables negatively linked to the axis).

VARIABLES FACTOR MAP (PCA) : Dim-3-4 (23.71%) INDIVIDUALS F Pf‘f TOR MaP (PCA) - D;'l:hi;ﬁf[? 1%)

round the categories of Sai

Dim 4 (10.35%)
Dim 4 (10.58%)

Dim 3 {13.16%) Dim 3 (13.16%)

Figure 6: Projection of Variables and Individuals on the Third Factorial Plane Dim-3-4

The projection of individuals in the three factorial planes (Dim-1-2, Dim-2-3 et Dim-3-4) shows that :

e (Dim-1) opposes individuals 15, 10, 9, 16 (having a positive coordinate on the axis) sharing high values for DO,
NO3~, Dep and low values DOC ; to individuals 20, 12, 21, 4 (having a negative coordinate on the axis) sharing high
values for NO, ™~ and low values for EC, Tem, pH, SiO2 and TDS. For this main component, the confidence ellipses of
the Sampling Point modality, shows that there is no significant difference in the position of the sampling sites S1
and S3 in the main plane, as these overlap.

e (Dim-2) opposes individuals 6, 5, 3, 22 (having a positive coordinate on the axis) sharing high values for SiO2 and
low values for Tra and NO,~; to individuals 4, 12, 15, 24 (having a negative coordinate on the axis) sharing high
values for Tur, OD and low values for NH,*. For this dimension, there is a significant difference in the position of
the three sampling sites (S1, S2, S3) in the main plane, as there is no overlap between the different confidence
ellipses.

e (Dim-3) contrasts individuals 12, 4, 10 (with a positive coordinate on the axis) sharing high values for NO,~, NH,*
and low values for EC; to individuals 24, 19, 18 (with a negative coordinate on the axis) sharing high values for the
variable Tur and low values for MES. For this principal component, there is no significant difference in the
position of sampling sites S1 and S2, as their confidence ellipses overlap.

e The Principal Component Analysis (PCA) of the variables and individuals in the three factorial planes (Dim-1-2,
Dim-2-3 and Dim-3-4), allows us to highlight the existence of three distinct typology groups of the EML waters :

o first typology : the group of waters rich in organic matter, indicating anthropogenic pollution and corresponds to
the waters of site S1;

e second typology : the group of mineralized, deep and OD-rich waters, corresponds to the waters of site S2 ; and

e third typology : the group of turbid waters rich in MS, corresponds to the waters of the site S3.

4. Conclusion

The Application of Principal Component Analysis (PCA) for the physico-chemical characterization of Ebolowa
Municipal Lake (EML) waters has revealed a degradation of the water quality of this hydrosystem. This pollution
originates from the input of effluents of anthropic origin discharged by the riverine populations in to the Mfoumou and
Bengo'o rivers that feed this water body. PCA identified a typology dominated by three water groups. Sampling sites S1
and S3 are the most affected by pollution, due to their proximity to these two rivers. Sampling site S2, due to its position
close to the centre of the lake and far from the two rivers, is characterised by deep water, fairly well oxygenated. The
correlation between NO3- and PO,3- (-0.50), highlights the anthropogenic origin of the pollution of the LME waters. There
is an urgent need to put in place measures to fight against this pollution, as this aquatic ecosystem provides goods and
services to the riverine populations (fishing. swimming. eco-tourism...etc), and is a suitable habitat for several flora and
fauna communities. Good management of this hydrosystem depends first and foremost on raising the awareness of the
people living along the shores of this lake. Constant monitoring of the lake waters should also be considered, the aim here
being to regularly assess its pollution level and enable it to increase its resilience.
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