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pended particle matter, nitrate and phosphate contribute to the fluctuation of
surface water quality parameters upstream of the estuary while downstream
salinity, pH, and ammonium contribute the most to the fluctuation of surface
water quality. This study shows us the usefulness of multivariate statistical
techniques used in assessing water quality data sets that would help us in un-
derstanding seasonal and spatial variations of water quality parameters to
manage estuarine systems.
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1. Introduction

According to [1], estuaries is a semi-enclosed coastal body of water which has a
free connection with the open sea, with extending upriver up to the tidal influ-
ence limit, and within which sea water is measurably diluted with fresh water
derived from land drainage. In natural conditions, they are biologically more pro-
ductive than the rivers and the adjacent ocean, due to their high nutrient con-
centration which stimulates primary production.

These are places where various fish, birds and animals congregate to feed, find
refuge, grow to adulthood, and/or stage migration. They also play a major role in
supplying domestic water, and supporting industrial, agricultural, and aquacul-
ture activities [2].

Estuaries are unique places, strongly affected by tidal actions, where land,
river and sea merge into a dynamic natural complex. These ecosystems receive
large quantities of land—based nutrients and other pollutants from agriculture,
industrial activities, human exploitation of water resources (domestic and in-
dustrial) and urban runoff which strongly affect water quality [3] [4] [5] [6]. Be-
sides these anthropogenic activities, poor water quality could also be due to pre-
cipitation rate, weathering, and soil erosion. Aquatic life, biodiversity and water
availability for human utilization are under the control of the quality of water in
terms of nutrient enrichment, physical and chemical parameters. As it is estab-
lished, environmental conditions such as salinity, oxygen, temperature, light,
electrical conductivity, turbidity, and nutrients influence the composition, dis-
tribution and growth of organisms, therefore monitoring water quality in aqua-
tic ecosystems and, especially in estuaries is essential for their sustainable man-
agement.

During water quality monitoring, it is very important to assess the physico-
chemical parameters of water in space and time. Biogeochemical variables and
biotics data are usually gathered; several techniques have already been imple-
mented to analyze water quality data, such as data reduction techniques [7] [8]
[9] [10] [11], water quality index (WQI) [12] [13] [14] [15], univariate data analy-
sis method, and estuary health index (EHI) [16]. Data reduction techniques usual-
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ly used to simplify the process of interpreting large datasets. This technique has
advantages and disadvantages, which are specific to each method. Many authors
have adopted the use of water quality indices. The latter, highlights some speci-
ficities depending on the type of pollution and the geographical area; their uni-
versal application remains therefore limited. Univariate methods are also used
for water quality analysis although they would not always bring out the similari-
ties and differences for large data sets. The official method for determining eco-
logical water requirements is an estuarine health index (EHI) for assessing the
actual conditions of an estuary [16]. To evaluate estuary health conditions, this
method need a large datasets [16] [17]. For an area with no historical data avail-
able, such as the Nyong estuary, multivariate statistics is the most appropriate
method to provide an overview of temporal conditions as well as seasonal and
geographical evolution of the ecosystem [18] [19].

The multivariate statistical approach have been mostly used recently for a
better understanding of water quality and ecological status, due to its ability to
treat large volumes of spatial and temporal data from a variety of monitoring
sites. On the other hand in scientific literature, a different statistical technique
was used for this kind of study which is that of the principal component analysis
(PCA) because it is able to assess temporal and spatial variations in river water
quality so as to identify potential sources of water contamination [20]-[28].

The Nyong river is the second most important river fully included in Came-
roon’s territory, it flows approximately 690 km into the Gulf of Guinea and due
to its navigation possibilities and its hydroelectric potential has long attracted
administrative authorities and technical ministerial departments [29]. Its lower
course crosses the Douala—Edea Terrestrial and Marine Park, where active fishing
is developed in mangrove area. Intensive agriculture is practiced on the banks of
its middle course, while offshore oil and gas activities are developed in the vicin-
ity [15].

These anthropogenic activities associated to mangrove and rainforest have in-
creased nutrient input and as such excessive nutrient loading has accelerated
primary production (eutrophication), accumulation of organic matter, increased
turbidity, and excessive oxygen consumption. For the purpose of understanding
the functioning of the Nyong river, several hydrological, geochemistry and bio-
logical studies have been performed upstream [30] [31] [32] [33] [34]. For the
downstream section which is influenced by tidal dynamics research works are
recent [15] [35]. Therefore, regular monitoring and evaluation of the quality of
the river waters are required for the integrated management of this water re-
source.

The aim of the present study is to evaluate the actual status of water quality in
the Nyong estuary and conclude on the main sources of pollution. This study will
explore the seasonal changes of water quality and determine the contribution of
river and marine influx on spatial distribution of environmental variables and con-

sequently on estuarine water quality.
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2. Material and Method
2.1. Study Area and Sampling Stations

The Nyong estuary is part of the Campo-Nyong hydrosystem of the Atlantic Me-
ridional Coast of Cameroon. Unlike rivers located in the North coast and like all
rivers located in Cameroon’s South Atlantic the Nyong river like is less watered
and subject to an equatorial climate with four seasons which are the long rainy
season (LRS), short rainy season (SRS), the long dry season (LDS) and short dry
season (SDS) [15] [29] [36]. Climate is influenced by Southwest monsoon, li-
mited on average speed to 10km/h because of the highly developed rainforest
[29].

The region is naturally covered by a large and very diverse humid forest cha-
racterized by several subsets such as: mangrove forest, coastal rain forest, me-
dium Atlantic forest with dense foliage, rare herbaceous plants, and many vines.
The geological substratum is Precambrian and the relief is formed by the coastal
plain with altitudes below 350 m which is mostly constituted of weakly undulate
sedimentary plains, with a coastal alluvial part [37] [38] [39] [40]. Geological
formation is altered to produce more or less thick essentially ferrallitic yellow
and red soils crossed in certain places by hydromorphic soils [41] [42].

Four stations were set up at different positions of the estuaries (Figure 1). The
first marine station (station N1), was set 1 km off the mouth of the estuary, the
second station N2 was set in the middle of the river, while the third and fourth
station N3 and N4 were set at 1.5 km and 4 km upstream respectively from N2
station. So as to have global characteristics of the estuary. N1 was at marine sta-
tion, while N2 was inside the mouth behind a sandbar giving the mouth a lagoon
aspect. The N3 and N4 stations were positioned respectively in the mangrove
creeks and at the entrance of the mangrove islands upstream.

All seasons were covered during eight (08) surveys: the long dry season (LDS)
in December 2018 and December 2019, the short dry season (SDS) in June 2018
and July 2019, the Long rainy season (LRS) in September 2018 and September
2019 and the short rainy season (SRS) in March 2018 and April 2019. For each
survey, two samplings were carried out at each station during low and high tide
respectively. Surface water (50 cm) was sampled using a 1.7 L Niskin bottle. Wa-
ter samples stored in 1.5 L double-capped polyethylene bottles were transported
to the laboratory in an adiabatic enclosure at 4°C for Physicochemical parame-
ters analysis to be carried on [43]. Physicochemical parameters were determined
according to [44] method coupled with the standard methods [43]. Temperature
and pH were measured using a field pH-meter (Hanna model HI 98130, equipped
with a SENTIX4 electrode) that of Conductivity and salinity were recorded using
a WTW series 3310 set2 connected to a tetracon electrode. Dissolved oxygen was
recorded using the EXTECH oxymeter model Exstik II DO 600 while that of So-
luble reactive inorganic phosphorous ( POi“ ), nitrites ( NO, ), nitrate ( NO; ), am-
monium ( NHj ) and suspended particle matter were determined using a spec-
trophotometer (HACH DR/2800), following the [43] method and standard me-
thods of [45].
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Figure 1. Map of the study area with sampling stations.

2.2. Data Analysis

Descriptive and multivariate statistics were used to analyze the multiple variables
collected during various periods of the study at different sampling stations. The
mean which is a central tendency indicator of a given data set was calculated so
as to get a better idea of how all data were distributed around the calculated mean
and standard deviation derived.

Seasonal variation of water quality parameters was evaluated through boxplot.
As data were abnormally distributed, the nonparametric Kruskal-Wallis # test
was used to determine the effect of the seasons and sampling stations on water
quality parameters. The Kruskal-Wallis is a nonparametric version of the clas-
sical one-way ANOVA. It is often used to compare samples from two or more
groups. The Kruskal-Wallis was used to compare medians of the sample and re-
turned the p-values for the null hypothesis showing that all samples are drawn
from the same population or equivalently from different populations with the
same distribution. The Mann-Whitney test was performed to highlight the proba-
ble effect of tide on water quality parameters variation. For both tests, the signi-
ficance level was fixed at 0.05.

The Pearson correlation matrix was performed in order to evaluate the rela-
tionship between water quality variables. PCA was used to reduce the size dimen-
sion of data set by explaining the correlation among many variables in terms of a
smaller number of underlying factors (principal component), without losing much
information [46] [47] [48].

Let considered p quantitative variables, observed on n individuals. The obser-
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vation of the variable x; on the individual 7 is noted x;and the data are presented
in a matrix (Equation (1)). The problem to be addressed is to find the relevant
information contained in the data. Thus, it must be summarized by extracting
the essentials of its structure in order to make graphical representations that are
both faithful to the initial data and easy to interpret. These representations will
have to be done in reduced dimension [49] [50]. The initial cloud, located in a
space of dimension p (since we have, starting from p quantitative variables), will
be summarized (reduced, projected) in dimension g (according to the q factors).

The number of factors g selected will be between 1 and p.

ul X11 )(12 le le
U, X1 X5 T ij X, p
X=u | X X Xi e X
i il i2 ij ip
A b ) (1)

un—l Xn—ll Xn—12 Xn—lj Xn—lp

Un L an Xn2 an an _
A v, v v,

The ¢ factors defined to summarize the information contained in the initial
table must maximized the dispersion of the observations. It is interesting to re-
member that the dispersion of a quantitative variable is generally measured by
its variance or by its standard deviation. The principle of PCA consists in find-
ing, for a restricted dimension g, the ¢ factors maximizing the inertia by these
factors. Going from the p dimension to the g dimension, there is objectively a
loss of dispersion and inertia. The idea is to lose as little as possible by choosing
the right factors. Methodically, we must find linear combinations of variables

called factors, or principal components, written in the following form:

1 1 2
C =aXx +aX ++ax,
C? =a,X +agX, +--+afX,
. 2)

a_gt 2y 4...t+aPf
Cl=ax +a,% +-+a X,

The Combination C' should contain much information as possible. The crite-
rion is that the Variance of C' must be maximum and it is necessary to take into
account the constraint on the weighting coefficients assigned to each initial va-

riable within the principal component C', it is question to verify that:

X)) =1 )

The same process is followed for C, by imposing that C* and C* are uncorre-
lated, that is to say that (C', ¢*) = 0. The information provided by C* must be
completely new with respect to C'. And so on, up to the number of factors (2 or
3) to make graphs easy to read and interpret. As with any descriptive method,
performing a PCA leads to the possible detection of suspicious values, and would

help formulate hypotheses that should be studied using models and differential
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statistical studies. The PCA carried out in this study were applied to the reduced
centered data since the initial variables are of various natures and expressed in
different units. The great advantage of PCA resides in the fact that it takes into
account all the variables simultaneously [48] [51]. It able to detect the existing
links between the different variables; to reduce their number in subsequent sim-
ilar studies and to visualize the distribution of the different readings considered.
It can also provide information on certain links between the variables and the
readings [48] [50].

The Eigen value gave a measure of the significance of the factors: the factors
with the highest Eigen values were the most significant [47]. Eigen values equal
to or greater than 1.0 are considered significant [52]. For a better interpretation
of associateships between environmental variables and factors and according to
[53], the factors loading are classified as “strong”, “moderate”, and “weak” cor-
responding to absolute loading values of >0.75, 0.75 - 0.5, and 0.5 - 0.3 respec-
tively.

3. Result
3.1. Seasonal Variation of Physicochemical Parameters

Seasonal variation of water quality variables is represented in Figure 2; and sum-
marized in Table 1.

The seasonal average of water temperature in the Nyong estuary was 29.88°C
+ 0.55°C, 26.71°C + 1.31°C, 28.89°C + 0.86°C, 23.96°C + 0.88°C respectively
during the major dry season, small rainy season, small dry season, and large
rainy season. The maximum temperature of 31.2°C was observed during the major
dry season whereas the minimum of 22.9°C was obtained during the large rainy
season (Figure 2(a)). The Kruskal-Wallis test, p < 0.01 showed that temperature
varied significantly from one season to another.

Salinity average in the Nyong estuary was 6.28 + 8.69 PSU, 4.58 + 6.87 PSU,
5.21 + 7.47 PSU, 2.85 + 4.98 PSU respectively during the major dry season, small
rainy season, small dry season, and large rainy season. During the major dry
season, salinity ranged between 0.01 - 24.5 PSU, and between 0.01 - 18.5 PSU,
0.01 - 20 PSU, 0.01 - 10.95 PSU, for the small rainy season, small dry season, and
the large rainy season respectively. However, some extreme values are observed
during the small dry season and the small rainy season (Figure 2(b)). Despite
the large fluctuation of the salinity gradient, the Kruskal-Wallis test p = 0.6678,
revealed that salinity does not vary significantly with season.

The seasonal average of pH varied from 7.59 * 0.68 to 6.96 + 0.21 with a maxi-
mum of 9.2 observed during the small dry season and a minimum of 5.89 during
the large rainy season. The Kruskal-Wallis test p = 0.2587 showed that pH does
not vary significantly with season.

During the study period, dissolved oxygen did not fluctuate significantly with
season (p = 0.231). The average seasonal variation of dissolved oxygen in the
Nyong estuary was 5.52 + 0.19 mg/L, 5.24 + 1.45 mg/L, 5.54 + 0.34 mg/L, 4.68 *
1.11 mg/L respectively during the major dry season, small rainy season, small

DOI: 10.4236/0jms.2021.113008

109 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008

A.C. Mama et al.

dry season, and large rainy season. During the major dry season, dissolved oxy-
gen was between 5.23 - 5.94 mg/L, and between 3.04 - 6.56 mg/L, 4.75 - 5.92
mg/L, 3.68 - 6.51 mg/L, during the small rainy season, small dry season, and the

large rainy season respectively.
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Figure 2. Seasonal variation of water quality parameters in the Nyong estuary.
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Table 1. Average, standard deviation, and range of water quality parameters measure
during the four seasons.

Variables/Seasons MDS SRS SDS LRS
. 29.88 + 0.55* 26.71 + 1.39" 28.89 + 0.86% 23.96 + 0.88¢
Temperature (°C)
(29.1-31.2) (24.4 - 28.6) (27.2-30.7) (22.9-25.1)
. 6.28 + 8.69° 4.58 + 6.87™ 521+ 7.47% 2.85 + 4.98¢
Salinity (PSU)
(0.01 - 24.5) (0.01 - 18.5) (0.01-20) (0.01 - 10.95)
6.96 £ 0.21° 7.59 + 0.68° 7.46 + 0.86° 6.96 £ 0.21°
pH
(6.6 -7.2) (6.52 - 8.87) (6.6 -9.2) (5.89 - 8.47)
Dissolved oxygen 5.52 +0.19° 5.24 + 1.45° 5.54 + 0.34° 4.68 £1.11°
(mg/L) (5.23 - 5.94) (3.04 - 6.56) (4.75 - 5.92) (3.68 - 6.51)
Suspended particle 9.81 + 4.09° 12.46 + 6.72° 3.97 £ 1.95¢ 16.73 + 6.58¢
matter (mg/L) (3.2-17.5) (3-25) (2-6.8) (5-27)
0.75 + 0.19* 0.57 + 0.29° 0.67 + 0.26" 0.6+0.17°
NH; (mg/L) ?
(0.38 - 1.06) (0.21 - 1.14) (0.33-1.18) (0.4 - 0.88)
_ 0.02 + 0.01* 0.03 +0.02° 0.013 £ 0.008* 0.02 + 0.03°
NO, (mg/L)
(0.001 - 0.04) (0.01 - 0.09) (0.001 - 0.03) (0.007 - 0.1)
41 +0.29° 2.34 + 0.68° .21 £ 0.16° 1.78 + 1.14¢
NO, (mg/L) 0 0.29 34 +0.68 0 0.16 78
(0.1-0.9) (0.9 - 3.5) (0.1-0.5) (0.1 - 4.5)
+ a + b + c + da
PO’ (mg/L) 0.33 £ 0.26 1.01 £ 1.12 0.23 +£0.14 1.24 £1.15
(0.01-0.71) (0.07 - 2.73) (0.01 - 0.54) (0.03 - 3.61)

The different superscript letters indicate statistical difference between seasons at p < 0.05.

Suspended particle matter varied significantly with season (p < 0.001) (Figure
2(e)). The mean concentration of suspended particle matter was 9.81 + 4.09
mg/L, 12.46 + 6.72 mg/L, 3.97 £ 1.95 mg/L, 16.73 £ 6.58 mg/L respectively dur-
ing the major dry season, small rainy season, small dry season, and large rainy
season. The maximum concentration of 27 mg/L was observed during the large
rainy season and the minimum of 2 mg/L was obtained during the small dry
season.

The ammonium mean seasonal concentration was 0.75 = 0.19 mg/L, 0.57 +
0.29 mg/L, 0.67 + 0.26 mg/L, 0.6 + 0.17 mg/L during the major dry season, small
rainy season, small dry season, and the large rainy season respectively. The
maximum of 1.18 mg/l was observed in the large rainy season while the mini-
mum of 0.21 mg/l was obtained during the small rainy season. The Kruskal-
Wallis test p = 0.2309 showed that ammonium concentration did not vary sig-
nificantly with season (Figure 2(f)).

Mean nitrite concentration was 0.02 + 0.01 mg/L, 0.03 + 0.02 mg/L, 0.013 +
0.008 mg/L, 0.02 + 0.03 mg/L during the major dry season, small rainy season,
small dry season, and the large rainy season respectively. The maximum of 0.1
mg/L was obtained during the large rainy season whereas the minimum of 0.001
mg/L was obtained during the major dry season, the small rainy season, and the
small dry season. Nitrite concentration did not vary significantly with season (Kru-
skal-Wallis test p > 0.05).

Nitrate concentration was 0.41 + 0.29 mg/L, 2.34 + 0.68 mg/L, 0.21 + 0.16
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mg/L, 1.78 + 1.14 mg/L during the major dry season, small rainy season, small
dry season, and large rainy season respectively. Nitrate concentration was higher
in the Nyong estuary during rainy season than in the dry season (Figure 2(h)).
With p < 0.001, The Kruskal-Wallis test revealed that nitrate varied significantly
with season.

Seasonal variation of phosphate is shown in Figure 2(i). During seasonal in-
vestigations, phosphate concentration average was 0.33 £+ 0.26 mg/L, 1.01 + 1.12
mg/L, 0.23 + 0.14 mg/L, 1.78 + 1.14 mg/L during the major dry season, small
rainy season, small dry season, and large rainy season respectively. The maxi-
mum of 4.5 mg/l was found during the large rainy season and the minimum of
0.01 mg/L was recorded during the major dry season and the small rainy season.
The Kruskal-Wallis test (p = 0.0347) indicates that the variation of phosphate

concentrations was significant with seasonal change.

3.2. Spatial Variation of Physicochemical Parameters

The spatial variation of physicochemical parameters with their average values and
standards errors in different stations in the Nyong estuarine system are presented
in Figures below.

The mean water temperature varied from 26.9°C + 2.54°C (station N4) to
27.53°C + 2.63°C (station N2) during the high tide and from 27.32°C + 2.11°C
(station N1) to 27.88°C + 3.14°C during the low tide (Figure 3). The Kruskal-
Wallis test p > 0.05 revealed that temperature did not vary significantly between
stations and the Mann-Whitney Utest p > 0.05 showed that temperature did not
vary significantly between high tide and low tide.

Salinity average ranged from 0.04 £ 0.01 PSU (station N4) to 10.83 + 2.07 PSU
(station N1) during the high tide and from 0.01 + 0.01 PSU (station N4) to 9.33
+ 2.37 PSU (station N4) during the low tide (Figure 4). The surface salinity of
downstream stations (stations N1 and N2) was higher than salinity concentra-
tion of upstream stations (stations N3 and N4). The Kruskal-Wallis test p < 0.01
revealed that salinity vary significantly between sampling stations and the Mann-
Whitney U'test p < 0.05 showed that salinity changed significantly during both
tidal cycles.

pH varied from 7.36 + 0.98 (station N3) to 7.81 + 0.56 (station. N1) during
high tide and from 6.84 + 0.35 (station N3) to 7.27 £+ 0.7 mg/l (station N1) dur-
ing low tide (Figure 5). The pH variations were not significant between stations
(The Kruskal-Wallis A, test p > 0.05) as well as during high and low tide (Mann-
Whitney Utest p > 0.05).

Dissolved oxygen means ranged from 4.23 + 0.75 mg/L (station N1) to 4.89 +
0.8 mg/L(station N2) during the high tide and from 3.19 + 0.94 mg/L (station
N4) to 4.35 + 0.95 mg/L (station N1) during the low tide (Figure 6). The Kruskal-
Wallis test p > 0.05 revealed that dissolved oxygen did not vary significantly be-
tween stations and the Mann-Whitney Utest p > 0.05 showed as well that dis-
solved oxygen did not vary significantly between high tide and low tide in the
Nyong estuary.

DOI: 10.4236/0jms.2021.113008

112 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008

A.C. Mamaetal.

30

25

20

Temperature (°C)

N1 N2 N3 N4

[ igh Tide [l Low tide

Figure 3. Spatial variation of water surface temperature during high and low tide.
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Figure 4. Spatial variation of water surface salinity during high and low tide.
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Figure 5. Spatial variation of potential hydrogen during high and low tide.
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Figure 6. Spatial variation dissolved oxygen during high and low tide.

The average of suspended particles matters varied from 7.65 + 1.01 mg/L (sta-
tion N1) to 16.63 + 1.77 mg/L (station N4) during high tide and from 9.31 + 1.51
mg/L (station N1) to 14.12 + 2.83 mg/L (station N3) during low tide (Figure 7).
The Kruskal-Wallis test p < 0.01 revealed that suspended particle matter varied
significantly among stations. Suspended particle matters decrease upstream to
downstream and the Mann-Whitney U'test p < 0.05 revealed that suspended par-
ticle matter varied significantly between high tide and low tide.

The mean surface concentration of nutrients (NH;, NO,, NO,, PO} ) are
presented in Figures 8-11 respectively. Nutrients concentrations are slightly high
upstream of the estuary than downstream except for ammonium whose concen-
tration decreased downstream to upstream. Ammonium concentration varied
from 0.55 + 0.16 mg/L (station N4) to 1.89 + 0.41 mg/L (station N1) during the
high tide and from 0.55 * 0.19 mg/L (station N3) to 0.99 + 0.28 mg/l (station
N1) during the low tide. The Kruskal-Wallis test p < 0.05 revealed that ammo-
nium concentrations varied significantly between stations and the Mann-Whit-
ney U test p > 0.05 showed as well that ammonium concentration differences
were not significant between high and low tide.

The mean surface water concentration of NO, varied from 0.08 + 0.03 mg/1
(station N1) to 0.31 + 0.1 mg/L (station N1) during high tide and from 0.07 +
0.04 mg/l (station N2) to 0.2 £ 0.09 mg/L (station N3) during low tide. The
Kruskal-Wallis test p > 0.05 revealed that nitrite did not vary significantly be-
tween stations and the Mann-Whitney U test p > 0.05 showed as well that ni-
trites did not vary significantly between both tides.

Nitrate average varied from 0.97 + 0.23 mg/L (station N2) to 2.4 £ 0.75 mg/L
(station N4) during high tide and from 1.11 + 0.29 mg/L (station N1) to 1.5 +
0.39 mg/L (station N2) during low tide. Phosphate ranged from 0.54 + 0.06 mg/L
(station N1) to 0.77 = 0.26 mg/L (station N4) and from 0.41 * 0.89 mg/L (station
N1) to 0.77 + 0.14 mg/L (station N3) respectively during high and low tide. The
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Figure 7. Spatial variation of suspended particle mater during high and low tide.
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Figure 8. Spatial variation of ammonium during high and low tide.
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Figure 9. Spatial variation of nitrite during high and low tide.
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Figure 10. Spatial variation of nitrate during high and low tide.
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Figure 11. Spatial variation of phosphate during high and low tide.

Mann-Whitney U test results p > 0.05 and the Kruskal-Wallis test p > 0.05,
showed that nitrate and phosphate did not vary significantly between high and
low tide as well as between stations.

3.3. Multivariate Analysis Methods

3.3.1. Correlation Matrix of Physicochemical Parameters
Table 2 provides the correlation matrix of physicochemical parameters during
high tide and low tide respectively.

Analysis of the matrix of correlations of variables during high tide reveals a
strong positive correlation (0.7 < r < 0.9) between: salinity and pH, salinity and
ammonium, pH and ammonium, suspended particle matter and nitrate, sus-
pended particle matter and orthophosphates. A moderate positive correlation
(0.5 < r<0.7) is obtained between temperature and salinity, pH and ammo-
nium; nitrite and orthophosphates, nitrates and orthophosphates. While a nega-
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tive correlation is observed between temperature and suspended particle matter,
nitrates and orthophosphates, salinity and suspended particle matter, nitrites
and orthophosphates; ammonium and nitrites, nitrates and orthophosphates.
However, in low tide a strong positive correlation (0.7 < r< 0.9) is observed be-
tween: temperature and suspended particle matter, dissolved oxygen and salini-
ty, pH and salinity, ammonium ions and salinity, pH and oxygen ammonium
and pH, orthophosphate and suspended particle matter. In addition, moderate
positive correlation (0.5 < r < 0.7) is observed between: temperature and nitrite,
orthophosphate and nitrites, and orthophosphate and nitrates. On the other
hand, a strong negative correlation (r > —0.6) is observed between: temperature
and dissolved oxygen, temperature and salinity, temperature and pH, tempera-
ture and ammonium, pH and suspended particle matter, pH and nitrates, pH and

orthophosphate, nitrite ions and orthophosphate ions.

Table 2. Correlation matrix of physicochemical parameters during high and low tide.

T lini NH, NO, NO; PO
empﬂerature Salinity pH DO (mg/l) SPM (mg/l) . R R N
§®) (PSU) (mg/1) (mg/1) (mg/1) (mg/1)
Temperature 1
(*C)
Salinity
0.59 1
(PSU)
pH 0.59 0.97 1
DO (mg/l) 0.12 -0.5 -0.32 1
SPM (mg/l) -0.87 -0.79 -0.7 0.38 1
High tide NH*
¢ 0.6 0.96 0.88 -0.64 -0.87 1
(mg/l)
NO,
-0.47 -0.95 -0.98 0.33 0.59 -0.84 1
(mg/1)
NO,
-0.94 -0.51 -0.45 0.09 0.92 -0.62 0.3 1
(mg/1)
POY
-0.84 -0.93 -0.93 0.22 0.89 -0.89 0.86 0.73 1
(mg/1)
Temperature 1
49
Salinity
-0.54 1
(PSU)
pH -054 0.99 1
DO (mg/1) -0.14 0.92 0.89 1
SPM (mg/1) 0.88 -0.81 -0.87 -0.57 1
Low tide +
NH;
-0.55 0.99 0.99 0.87 -0.87 1
(mg/1)
NO,
0.6 -0.46 -0.52 -0.49 0.63 -0.48 1
(mg/1)
NO,
0.5 -0.71 -0.72 -0.42 0.70 -0.75 -0.09 1
(mg/1)
PO*
0.98 -0.57 -0.65 -0.25 0.93 -0.67 0.51 0.67 1
(mg/1)

Values in bold are different from 0 with a significance level alpha = 0.05.
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3.3.2. Principal Component Analysis

Table 3 shows the seasonality of the loading of experimental variables on prin-
cipal component analysis. Factor F1 accounted for 60.6% of the total variance
which had a strong positive loading for nitrate (0.89), suspended particle matter
(0.9), and phosphate (0.98). Strong negative loading factor is observed for tem-
perature (—0.93), nitrite (—0.95), whereas moderate negative factor loading is
observed for salinity (-0.65), dissolved oxygen (-0.72) and weak negative load-
ing factor for pH (—0.37). Factor F2 accounted for 26.6% of the total which had a
strong positive loading for pH (0.85), moderate positive loading for salinity (0.74),
ammonium (0.66), weak positive loading for temperature (0.36), nitrate (0.42),
and weak negative loading factor for dissolved oxygen (—0.48) and nitrite (—0.3).
The projection of the four seasons on the plan revealed that, rainy seasons are
correlated positively with factor F1 and negatively with factor F1 (Figure 12).
While, dry seasons are negatively correlated with factor F1.

The loading of experimental variables on principal component for high and
low tides are shown in Table 4. For high tide, factor 1 accounted for 72.82% of
total variance which had a strong positive loading for suspended particle matter
(0.92), nitrite (0.85), and phosphate (0.98); positive moderate loading for ni-
trate (0.74); and positive weak loading for dissolved oxygen (0.4). Strong nega-
tive loading is observed for temperature (—0.78), salinity (—0.95), pH (-0.92),
and ammonium (—0.95). Factor 2 accounted for 17.3% of total variance, it had a
moderate positive loading for nitrate (0.6), moderate negative loading for tem-
perature (—0.62), dissolved oxygen (—0.67), and weak negative loading for ni-
trite (—0.34). With 9.85% of the total variance, factor 3 had a moderate positive
loading for dissolved oxygen (0.62), weak positive loading for pH (0.32), nitrate
(0.31), and weak negative loading for nitrite (—0.39). The projection of the four
(04) sampling stations on the factorial plan F1*F2 revealed that, factor F1 on its
positive pole is represented by the upstream stations (stations N4 and N3) while
on its negative pole, factor F1 is represented by the downstream stations (sta-
tions N1 and N2) (Figure 13(a)). However, for low tide, factor 1 accounted for
70.6% of total variance which had a strong positive loading for suspended par-
ticle matter (0.92), and phosphate (0.82), positive moderate loading for temper-
ature (0.74), nitrite (0.59), and nitrates (0.73); while strong negative loading is
observed for, salinity (—0.93), pH (-0.97), dissolved oxygen (-0.75), and am-
monium (-0.97) (Figure 13(b)). Concerning the factor F2, it accounted for
16.8% of the total variance. Factor F2 had a moderate positive loading for tem-
perature (0.67), dissolved oxygen (0.61), and phosphate (0.54). Weak positive
loading is observed for salinity (0.36). Factor F3 had a strong positive loading
for nitrite (0.76) and moderate negative loading for nitrate (-0.67). F1 on its
positive pole is mainly represented by one upstream station (station N3) and on
its negative pole, F1 is represented by a downstream station (station N3). Un-
like factors F1 and F2, factor F3 highlights the nitrification process that occurs

into the estuary.
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Table 3. Loading factor of water quality parameters through different season.

Variables Factor 1 Factor 2 Factor 3
Temperature -0.9314519° 0.36022604% 0.05132771
Salinity -0.6556065" 0.74531429% -0.12118890
pH -0.3727169 0.85689739* 0.35610246%
DO -0.7242978% -0.48299073b¢ -0.49204941%¢
SPM 0.9007972* 0.08662833 -0.42551137°
NH; -0.1258658 0.66348097% -0.73753021%*
NO, -0.9521744° -0.30395310b¢ 0.03124656
NO, 0.8861681° 0.42548985% 0.18347864
POY 0.9859329* 0.13461385 -0.09907263
Eigenvalue 5.452219e+00 2.392071e+00 1.155710e+00
Variance (%) 6.058022e+01 2.657856e+01 1.284122e+01
Cumulative (%) 60.58022 87.15878 100.00000

svariables with a strong positive factor loading; variables with a strong negative factor loading; ®*variables with a moderate positive factor loading; ®*va-
riables with a moderate negative factor loading; *variables with a weak positive factor loading; *variables with a weak negative factor loading.

Table 4. Loading of experimental variables (09) on principal components for the whole datasets for high and low tides.

Tide

High tide

pH

DO

SPM
NH;
NO,
NO;
POy

Variables
Temperature

Salinity

Eigenvalue
Variance (%)
Cumulative (%)
Temperature
Salinity
Ph
DO
SPM
NH;
NO,
NO,
POy

Low tide

Eigenvalue
Variance

Cumulative (%)

Factor 1
-0.7835975*
-0.9580052°
-0.9211368°
0.3986291%
0.9249118*
-0.9584619°
0.8541921*
0.7386994%
0.9823081°

6.553558¢+00
7.281731e+01

72.81731
0.7395420%
-0.9312366°
-0.9660537°
-0.7511773°
0.9683200*
-0.9672712°
0.5924011%®
0.7345474%
0.8255534°

6.356946¢+00
7.063273e+01

70.63273

Factor 2
-0.6205467"
0.2683396
0.2238657
-0.6717094"
0.2461245
0.2372090
-0.3449656"
0.5961142
0.1005956
1.559712e+00
1.733013e+01
90.14745
0.67306889
0.36440597%
0.25782256
0.60689364%
0.24943495
0.25155927
0.25441296
-0.07104398
0.54485214%
1.512743e+00
1.680825e+01
87.44098

Factor 3
0.02994514
0.10109305
0.31841973%

0.62442082
0.28976021
-0.15837508
-0.38904328"
0.31459679%
-0.15796008
8.867298e-01
9.852554e+00
100.00000
-0.007480445
-0.002587593
-0.016363939
-0.259639649
-0.011775080
0.033231181
0.764418093*
-0.674827976"
-0.146961702
1.130312e+00
1.255902e+01
100.00000

*variables with a strong positive factor loading; Pvariables with a strong negative factor loading; ®*variables with a moderate positive factor loading; **va-

riables with a moderate negative factor loading; *variables with a weak positive factor loading; "variables with a weak negative factor loading.
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Figure 12. Principal component analysis biplot showing the seasonal
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ation of water quality parameters in the Nyong estuary during high (a)
and low tide (b). (station N1; 2station N2; *station N3; “station N4).
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4. Discussion and Conclusion

Studies of water quality parameter variation in estuary represent important tools
to understand estuarine functioning and diagnose natural and anthropogenic
impacts as well as the change of the ecosystem overtime. Average temperature
average value was 27.14°C, similarly of those obtained in other tropical and sub-
tropical estuaries [54]. The significant seasonal variation of temperature in the
Nyong estuary may be due to the fact that surface water temperature in a shallow
estuary is controlled by local conditions of the atmospheric temperature. Tem-
perature is the most important factor to maintain the growth, reproduction, sur-
vival, and distribution of organisms in the physical environment [55].

pH is also an important variable in water quality assessment as it influences
many biological and chemical processes. pH higher than 7 indicates increasing
salinity and basicity while values lower than 7 tend towards acidity. Although pH
average values in the Nyong estuary are around 7, they can reach a basic state
with values around 9 due the influx of salt water. However, it can also be a very
acidic environment with the pH below 6. pH higher than 7 but lower than 8.5 is
ideal for biological productivity, while pH lower than 4 is detrimental to aquatic
life [56]. According to [57], pH values vary from acidic to alkaline when colloid-
al particles mix with seawater and become coagulated. Changes in pH will de-
pend on factors which govern the removal of CO, caused by photosynthesis
through bicarbonate degradation, fresh water influx leads to a reduction in sa-
linity and degradation of organic matter [58].

In estuarine zones, salinity is a key factor, because it depends on tide ampli-
tude as well as river flow. Increased salinity indicates increased halide ions (Cl,
FI5, Br7, I"), which may be due to increase in positive ions at downstream [55].
An Increase in halide ions downstream, imply a decreasing salt gradient down-
stream to upstream in the estuary. The decrease of horizontal salinity gradient
downstream to upstream in the Nyong estuary favors the development of man-
grove species. Avicennia sp occupies the downstream front and the Rizophora sp
follow backward. Such structure of mangrove was also observed in Bamosso, in
the Rio Ntem and also in the Cameroon estuary [59] [60] [61]. According to [62]
and [63] classification, the level of salinity variation in this study, classifies the
Nyong estuary as oligohaline but sometimes it can shift to mesohaline during
the large dry season.

In order to survive, fish, crabs, shrimps, and other aquatic animals must have
sufficient levels of dissolved oxygen in the water. The amount of dissolved oxy-
gen in estuarine systems is a major factor that determines the type and abun-
dance of organisms in the ecosystem. Oxygen concentration in water is the result
of two natural processes: diffusion from the atmosphere and photosynthesis by
aquatic plants. The mixing of surface waters by winds and waves increases the
rate at which oxygen from the air get dissolved or absorbed into water. Low le-
vels of dissolved oxygen in water could be due to high temperature, salinity and

biological activities, while high concentration of dissolved oxygen is attributed to
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high fresh water input and the presence of phytoplankton species.

Suspended particle matter showed a significant seasonal variation (p < 0.01).
High terrestrial runoff, along with heavy suspended solid loads brought from
ground soils during small and large rainy season could be responsible for the in-
crease of suspended particle matter in the estuary. This observation is according
to [64], also showed that high terrestrial runoff during the monsoon period in
the Bengal bay increases the total suspended solids concentration. Suspended
particle matter is influenced by salt intrusion in the estuary. Suspended particle
matter concentration increases downstream to upstream and is slightly higher
during low tide. Indeed, solid suspended particles in contact with salty water will
aggregate and depending on their gravity, quickly settle at the bottom, thus li-
miting horizontal transport by currents [64].

Parameters such as nitrate, nitrite and phosphate in coastal environment ex-
hibit substantial seasonal variations depending on the rainfall, freshwater input,
tidal ingress and consumption of nutrients by autotrophs [65]. NO;, POJ
and NO, concentration decrease upstream to downstream, indicating the ef-
fect of anthropogenic activities. These nutrient concentration patterns may be
attributed to the point and nonpoint sources of pollution and erosion effects
[55] [66]. In general, nutrient concentration is highest during rainy seasons
while the lowest concentration was found during the dry seasons. The highest
concentration observed during rainy season may be due firstly to soil leaching
during which particles are leached out as well as dissolved nutrients associated
with these sediments. NH, concentration decreases downstream to upstream
in the Nyong estuary. The highest amount of ammonium found in the down-
stream section of the estuary may be due to the excretion and decomposition of
aquatic organisms. Nutrient concentrations in the Nyong estuary are low com-
pared to those observed in the Douala estuary [67]. The high concentration of
nutrient in the Douala estuary may be due to industrial discharge as its wa-
tershed has the highest concentration of industries in Cameroon.

The strong correlation observed between salinity, conductivity, pH and am-
monium during low and high tide proves that the evolution of these variables is
controlled by salt water intrusion in the river. This result is observed in most
tropical estuaries. During high tide orthophosphate and dissolved oxygen are
negatively correlated. This could be explained by the precipitation of phosphorus
in water sufficiently oxygenated by adsorption of oxides, iron hydroxides and clay
particles [68].

On a seasonal view, dray seasons and the mineralization variables contribute
moderately to the first factor on its negative pole. This would express the fact
that, during these seasons the estuary is more enriched by the mineralized water
of the sea. On the positive pole of the first factor, the strong contribution of the
organic parameters rather reflects the inflow of fluvial water, the leaching of soils
during the rainy seasons [23]. During high tide, PCA shows that, salinity, pH,
and ammonium are negatively correlated with factor F1, and they describe a
dissolved salt gradient. These variables are opposed to nitrate, phosphate, sus-
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pended particle matter, and nitrite which describe an organic matter enrichment
gradient. This result is similar with those obtained in the Lokkos estuary in Mo-
rocco and in the right bank of the Senegal River [69] [70]. During low tide, a
similar contrast is observed. Two gradients are highlighted, the mineralization
gradient downstream dominated by the marine stations and the organic matter
gradient upstream dominated by the fluvial stations. These PCA analyses revealed
that water quality in the Nyong estuary is affected by natural processes and anth-
ropogenic activities.

In the present investigation, the principal component analysis method estab-
lished by the physico-chemical typology in the estuary is governed by the com-
bination of both the gradient of mineralization and the gradient of organic mat-
ter enrichment. Hence, the environmental factors that control the quality of est-
uary water are mainly influenced by oceanic and fluvial dynamics and human
activities. As the marine environment is changing rapidly, this study provides a
starting point in understanding biogeochemical processes as a prelude to the
long-term monitoring program which will lead to modeling the hydro-biogeo-
chemical dynamics of the Nyong estuary and may thus help authorities in ela-
borating strategies for integrated estuarine management to maintain a sustaina-

ble ecosystem.

Acknowledgements

The authors would like to thank the Specialized Center for Research on Marine
Ecosystem (CERECOMA/IRAD, Kribi) for providing research facilities. This study
would not have been possible without the support of Laboratory staff’s of hydro-
biology at the Faculty of Sciences, University of Yaoundél.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-
per.

References

[1] Dyer, K.R. (1997) Estuaries: A Physical Introduction. Wiley, New York, 1.

[2] Saravanakumar, A., Rajkumar, M., Serebiah, J.S. and Thivakaran, G.A. (2008) Sea-
sonal Variations in Physico-Chemical Characteristics of Water, Sediment and Soil
Texture in Arid Zone Mangroves of Kachchh-Gujarat. Journal of Environmental Bi-
ology; 29, 725-732.

[3] De Jonge, V.N., Elliott, M. and Orive, E. (2002) Causes, Historical Development,
Effects and Future Challenges of a Common Environmental Problem: Eutrophica-
tion. In: Nutrients and Eutrophication in Estuaries and Coastal Waters, Springer, Dor-
drecht, 1-19. https://doi.org/10.1007/978-94-017-2464-7 1

[4] Bricker, S.B., Longstaff, B., Dennison, W., Jones, A., Boicourt, K., Wicks, C. and
Woerner, J. (2008) Effects of Nutrient Enrichment in the Nation’s Estuaries: A Decade
of Change. Harmful Algae, 8, 21-32.
https://doi.org/10.1016/j.hal.2008.08.028

[5] Steward, J.S. and Lowe, E.F. (2010) General Empirical Models for Estimating Nu-

DOI: 10.4236/0jms.2021.113008

123 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008
https://doi.org/10.1007/978-94-017-2464-7_1
https://doi.org/10.1016/j.hal.2008.08.028

A.C. Mama et al.

(6]

(8]

(10]

(11]

[12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

trient Load Limits for Florida’s Estuaries and Inland Waters. Limnology and Ocea-
nography;, 55, 433-445. https://doi.org/10.4319/10.2010.55.1.0433

Lemley, D.A., Adams, J.B. and Taljaard, S. (2017) Comparative Assessment of Two
Agriculturally-Influenced Estuaries: Similar Pressure, Different Response. Marine Pol-
lution Bulletin, 117, 136-147. https://doi.org/10.1016/j.marpolbul.2017.01.059

Li, Y., Xu, L.Y. and Li, S. (2009) Water Quality Analysis of the Songhua River Basin
Using Multivariate Techniques. Journal of Water Resource and Protection, 1, 110-
121. https://doi.org/10.4236/jwarp.2009.12015

Fan, X, Cui, B., Zhao, H., Zhang, Z. and Zhang, H. (2010) Assessment of River Water
Quality in Pearl River Delta Using Multivariate Statistical Techniques. Procedia En-

vironmental Sciences, 2, 1220-1234. https://doi.org/10.1016/j.proenv.2010.10.133

Thareja, S. and Trivedi, P. (2010) Assessment of Water Quality of Bennithora River
in Karnataka through Multivariate Analysis. Nature and Science, 8, 51-56.

Oketola, A.A., Adekolurejo, S.M. and Osibanjo, O. (2013) Water Quality Assessment
of River Ogun Using Multivariate Statistical Techniques. Journal of Environmental
Protection, 4, 466-479. https://doi.org/10.4236/jep.2013.45055

Tohouri, P., Miessan, A.G.M., Soro, G., Ake, E.G., Konan, I.N. and Biémi, J. (2017)
Physicochemical Quality in Rainy Season Water Surface Area Bonoua (Southeast of
Ivory Coast). International Journal of Innovation and Applied Studies, 20, 28-41.
Fonge, A.B., Chuyong, B.G., Tening, A.S., Fobid, A.C. and Numbisi, N.F. (2013) Sea-
sonal Occurrence, Distribution and Diversity of Phytoplankton in the Douala Estu-
ary, Cameroon. African Journal of Aquatic Science, 38, 123-133.
https://doi.org/10.2989/16085914.2013.769086

Gharib, S.M., El-Sherif, Z.M., Abdel-Halim, A.M. and Radwan, A.A. (2011) Phy-
toplankton and Environmental Variables as a Water Quality Indicator for the Beaches

at Matrouh, South-Eastern Mediterranean Sea, Egypt: An Assessment. Oceanologia,
53, 819-836. https://doi.org/10.5697/0¢.53-3.819

Nyamsi-Tchatcho, N.L., Foto Menbohan, S., Zébazé Togouet, S.H., Onana, F.M.,
Adandedjan, D., Tchakonté, S., Yémélé Tsago, C., Koji, E. and Njiné, T. (2014) Indice
Multimétrique des Macroinvertébrés Benthiques Yaoundéens (IMMY) pour ’éva-

luation biologique de la qualité des eaux de cours d’eau de la Région du Centre Sud
Forestier du Cameroun. European Journal of Scientific Research, 123, 412-430.

Mama, A.C., Ghepdeu, G.F.Y., Ndam, J.R.E.N., Bonga, M.D., Onana, F.M. and On-
guene, R. (2018) Assessment of Water Quality in the Lower Nyong Estuary (Came-
roon, Atlantic Coast) from Environmental Variables and Phytoplankton Communi-
ties Composition. African Journal of Environmental Science and Technology, 12, 198-
208. https://doi.org/10.5897/AJEST2017.2454

Taljaard, S., Slinger, J.H. and Van Niekerk, L. (2017) A Screening Model for Assessing
Water Quality in Small, Dynamic Estuaries. Ocean & Coastal Management, 146, 1-14.
https://doi.org/10.1016/j.0cecoaman.2017.05.011

Turpie, J.K., Taljaard, S., Van Niekerk, L., Adams, J., Wooldridge, T., Cyrus, D.,
Clark, B. and Forbes, N. (2012) The Estuary Health Index: A Standardised Metric
for Use in Estuary Management and the Determination of Ecological Water Require-

ments. Water Research Commission, Pretoria.

Berzas, J.J., Garcia, L.F., Rodriguez, R.C. and Martin-Alvarez, P.J. (2000) Evolution
of the Water Quality of a Managed Natural Wetland: Tablas de Daimiel National Park
(Spain). Water Research, 34, 3161-3170.
https://doi.org/10.1016/S0043-1354(00)00069-5

Simeonov, V., Stratis, J.A., Samara, C., Zachariadis, G., Voutsa, D., Anthemidis, A.,

DOI: 10.4236/0jms.2021.113008

124 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008
https://doi.org/10.4319/lo.2010.55.1.0433
https://doi.org/10.1016/j.marpolbul.2017.01.059
https://doi.org/10.4236/jwarp.2009.12015
https://doi.org/10.1016/j.proenv.2010.10.133
https://doi.org/10.4236/jep.2013.45055
https://doi.org/10.2989/16085914.2013.769086
https://doi.org/10.5697/oc.53-3.819
https://doi.org/10.5897/AJEST2017.2454
https://doi.org/10.1016/j.ocecoaman.2017.05.011
https://doi.org/10.1016/S0043-1354(00)00069-5

A.C. Mamaetal.

(20]

[21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

Sofoniou, M. and Kouimtzis, T. (2003) Assessment of the Surface Water Quality in
Northern Greece. Water Research, 37, 4119-4124.
https://doi.org/10.1016/S0043-1354(03)00398-1

Kazi, T.G., Arain, M.B., Jamali, M.K,, Jalbani, N., Afridi, H.I,, Sarfraz, R.A., Baig,
J.A. and Shah, A.Q. (2009) Assessment of Water Quality of Polluted Lake Using Mul-
tivariate Statistical Techniques: A Case Study. Ecotoxicology and Environmental Safety,
72, 301-309. https://doi.org/10.1016/j.ecoenv.2008.02.024

Varol, M. and Sen, B. (2009) Assessment of Surface Water Quality Using Multiva-
riate Statistical Techniques: A Case Study of Behrimaz Stream, Turkey. Environmental
Monitoring and Assessment, 159, 543.

https://doi.org/10.1007/s10661-008-0650-6

Zhang, Q., Li, Z., Zeng, G, Li, J., Fang, Y., Yuan, Q,, Wang, Y. and Ye, F. (2009)
Assessment of Surface Water Quality Using Multivariate Statistical Techniques in Red

Soil Hilly Region: A Case Study of Xiangjiang Watershed, China. Environmental Mon-
itoring and Assessment, 152, 123.
https://doi.org/10.1007/s10661-008-0301-y

Fatema, K., Maznah, W.W. and Isa, M.M. (2014) Spatial and Temporal Variation of
Physico-Chemical Parameters in the Merbok Estuary, Kedah, Malaysia. Tropical Life
Sciences Research, 25, 1-19. https://doi.org/10.3329/bjz.v41i1.23294

Kumarasamv, P., James, R.A., Dahms, H.U., Byeon, C.W. and Ramesh, R. (2014)
Multivariate Water Quality Assessment from the Tamiraparani River Basin, South-
ern India. Environmental Earth Sciences, 71, 2441-2451.
https://doi.org/10.1007/s12665-013-2644-0

Phung, D., Huang, C., Rutherford, S., Dwirahmadi, F., Chu, C., Wang, X. and Dinh,
T.A.D. (2015) Temporal and Spatial Assessment of River Surface Water Quality Using
Multivariate Statistical Techniques: A Study in Can Tho City, a Mekong Delta Area,
Vietnam. Environmental Monitoring and Assessment, 187, 1-13.
https://doi.org/10.1007/s10661-015-4474-x

Sharma, M., Kansal, A., Jain, S. and Sharma, P. (2015) Application of Multivariate
Statistical Techniques in Determining the Spatial Temporal Water Quality Variation
of Ganga and Yamuna Rivers Present in Uttarakhand State, India. Water Quality, Ex-
posure and Health, 7, 567-581. https://doi.org/10.1007/s12403-015-0173-7

Varekar, V., Karmakar, S., Jha, R. and Ghosh, N.C. (2015) Design of Sampling Lo-
cations for River Water Quality Monitoring Considering Seasonal Variation of Point
and Diffuse Pollution Loads. Environmental Monitoring and Assessment, 187, 1-26.
https://doi.org/10.1007/s10661-015-4583-6

Khan, M.Y.A., Gani, K.M. and Chakrapani, G.J. (2016) Assessment of Surface Wa-
ter Quality and Its Spatial Variation. A Case Study of Ramganga River, Ganga Basin,
India. Arabian Journal of Geosciences, 9, 1-26.
https://doi.org/10.1007/s12517-015-2134-7

Olivry J.C. (1986) Fleuves et rivieres du Cameroun. Monographies hydrologiques
ORSTOM.

Braun, J.J., Bedimo, Bedimo J.P., Robain, H., Nyeck, B., Ndam Ngoupayou, J.R. and
Olivié-Lauquet, G. (1998) Fonctionnement des écosystémes tropicaux humides in-
fluence sur les ressources hydriques et la qualité des eaux. Exemple du bassin fluvial
du Nyong (Sud Cameroun). Géosciences au Cameroun. Editions GEOCAM Press
University Yaoundé I, Yaoundé, 23-40.

Ndam Ngoupayou, J.R., Boeglin, J.L., Probst, J.L., Braun, J.J., Meybeck, M. and Nkoue
Ndondo, G.R. (2005) The Organic Carbon Dynamics of a Small Catchment in the Hu-

DOI: 10.4236/0jms.2021.113008

125 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008
https://doi.org/10.1016/S0043-1354(03)00398-1
https://doi.org/10.1016/j.ecoenv.2008.02.024
https://doi.org/10.1007/s10661-008-0650-6
https://doi.org/10.1007/s10661-008-0301-y
https://doi.org/10.3329/bjz.v41i1.23294
https://doi.org/10.1007/s12665-013-2644-0
https://doi.org/10.1007/s10661-015-4474-x
https://doi.org/10.1007/s12403-015-0173-7
https://doi.org/10.1007/s10661-015-4583-6
https://doi.org/10.1007/s12517-015-2134-7

A.C. Mama et al.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

mid Tropics. In: Sediment Budgets, IAHS Press, Wallingford, 46-53.

Brunet, F., Dubois, K., Veizer, J., Ndondo, G.N., Ngoupayou, ].N., Boeglin, J.L. and
Probst, J.L. (2009) Terrestrial and Fluvial Carbon Fluxes in a Tropical Watershed:
Nyong Basin, Cameroon. Chemical Geology, 265, 563-572.
https://doi.org/10.1016/j.chemge0.2009.05.020

Nguenga, D. and Brummett, R. (2010) Les facteurs d’adaptation et d’implantation
du “Kanga”, Heterotis niloticus (Cuvier, 1829), dans le fleuve Nyong (Cameroun).
International Journal of Biological and Chemical Sciences, 4, 530-534.
https://doi.org/10.4314/ijbcs.v4i2.58172

Philippe, S.A., Toussaints, C.C.E. and Veronique K.K.B. (2015) An Explanation of
the Black Color of River Nyong Water’s and Associated Alluviums (Cameroon). /n-

ternational Journal of Geosciences, 6, 388-392.
https://doi.org/10.4236/ijg.2015.64030

Mama, A.C., Oben, L.M., Dongmo, T.C., Ndam, N.J.R., Motto, I. and Ayina, O.L.M.
(2016) Tidal Variations and Its Impacts on the Abundance and Diversity of Phyop-

lankton in the Nyong Estuary of Cameroon. Journal of Multidisciplinary Engineer-
ing Science and Technology, 3, 3667-3675.

Dzana, J.G., Ngoupayou, J.R.N. and Tchawa, P. (2011) The Sanaga Discharge at the
Edea Catchment Outlet (Cameroon): An Example of Hydrologic Responses of a
Tropical Rain-Fed River System to Changes in Precipitation and Groundwater In-
puts and to Flow Regulation. River Research and Applications, 27, 754-771.
https://doi.org/10.1002/rra.1392

Boye, M., Baltzer, F. and Caratini, C. (1974) Mangrove of the Wouri Estuary. Inter-
national Symposium of Biology and Management of Mangrove, Honolulu, 8-11 Oc-
tober 1974, 435-455.

Zogning, A. and Kuete, M. (1985) L’équilibre écologique du littoral Camerounais:
Données géographiques du probléme. Xe Coll. Sepanrit Leget, Mai 1985, Cayenne,
229-237.

Morin, S. and Kuété, M. (1988) Le littoral Camerounais: Probléemes morphologi-
ques. Travaux du Laboratoire de géographie physique appliquée, 11, 5-52.
https://doi.org/10.3406/tlgpa.1988.900

Giresse, P. and Cahet, G. (1997) Organic Fluxes of Cameroonian Rivers into the Gulf
of Guinea: A Quantitative Approach to Biodegradation in Estuary and Plume. Ocea-
nologica Acta, 20, 837-849.

Ndjigui, P.D., Onana, V.L., Sababa, E. and Bayiga, E.C. (2018) Mineralogy and Geo-
chemistry of the Lokoundje Alluvial Clays from the Kribi Deposits, Cameroonian
Atlantic Coast: Implications for Their Origin and Depositional Environment. Jour-
nal of African Earth Sciences, 143, 102-117.
https://doi.org/10.1016/j.jafrearsci.2018.03.023

Tamehe, L.S., Tankwa, M.N., Chongtao, W., Ganno, S., Ngnotue, T., Nono, G.D.K,,
Shaamu, J.S., Zhang, J. and Nzenti, J.P. (2018) Geology and Geochemical Constrains
on the Origin and Depositional Setting of the Kpwa-Atog Boga Banded iron Forma-
tions (BIFs), Northwestern Congo Craton, Southern Cameroon. Ore Geology Re-
views, 95, 620-638. https://doi.org/10.1016/j.oregeorev.2018.03.017

APHA, American Public Health Association, American Water Work Association
and Water Pollution Control Federation (1998) Standard Methods for the Examina-
tion of Water and Waste Water. 20th Edition, Washington DC.

Aminot, A. and Chaussepied, M. (1983) Manuel des analyses chimiques en milieu
marin. Centre national pour 'exploitation des océans, 551, 5-395.

DOI: 10.4236/0jms.2021.113008

126 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008
https://doi.org/10.1016/j.chemgeo.2009.05.020
https://doi.org/10.4314/ijbcs.v4i2.58172
https://doi.org/10.4236/ijg.2015.64030
https://doi.org/10.1002/rra.1392
https://doi.org/10.3406/tlgpa.1988.900
https://doi.org/10.1016/j.jafrearsci.2018.03.023
https://doi.org/10.1016/j.oregeorev.2018.03.017

A.C. Mamaetal.

[45]

[46]

(47]

(48]

(49]

(50]

(51]

[52]

(53]

[54]

(55]

(56]

(57]

(58]

[59]

(60]

Rodier, J., Legube, B. and Merlet, N. (2009) L’Analyse de I'eau. 9e edition, Entiére-
ment Mise A Jour Dunod, Paris.

Jackson, J.E. and Edward, A. (1991) User’s Guide to Principal Components. John
Willey Sons Inc., New York.

Chidambaram, S., Pethaperumal, S., Thilagavathi, R., Radha, V.D., Thivya, C., Pra-
sanna, M.V., Tirumalesh, K. and Panda, B.R. (2018) Seasonal Variations of Ground-
water Geochemistry in Coastal Aquifers, Pondicherry Region, South India. In: Coasta/
Zone Management. Global Perspectives, Regional Processes, Local Issues, Elsevier,
Amsterdam, 361-380. https://doi.org/10.1016/B978-0-12-814350-6.00015-X

Akpan, LI (2013) Assessment of Water Quality in Imo River Estuary Using Multi-
variate Statistical Method. Journal of Applied Chemistry, 4, 35-40.
https://doi.org/10.9790/5736-0453540

Helena B., Pardo, B., Vega, M., Barrado, E., Fernandez, ].M. and Fernandez, L. (2000)
Temporal Evolution of Groundwater Composition in an Alluvial Aquifer (Pisuerga
River, Spain) by Principal Component Analysis. Water Research, 34, 807-816.
https://doi.org/10.1016/S0043-1354(99)00225-0

Fan, X., et al (2010) Assessment of River Water Quality in Pearl Rivers Delta Using
Multivariate Statistical Techniques. Procedia Environmental Sciences, 2, 1220-1234.
https://doi.org/10.1016/j.proenv.2010.10.133

Shrestha, S. and Kazama, F. (2007) Assessment of Surface Water Quality Using Mul-
tivariate Statistical Techniques: A Case Study of the Fuji River Basin, Japan. Envi-
ronmental Modelling & Software, 22, 464-475.
https://doi.org/10.1016/j.envsoft.2006.02.001

Kim, J.O. and Mueller, C.W. (1978) Factor Analysis: Statistical Methods and Prac-
tical Issues. Vol. 14, Sage, London, 88 p. https://doi.org/10.4135/9781412984256

Liu, CW., Lin, K.H. and Kuo, Y.M. (2003) Application of Factor Analysis in the
Assessment of Groundwater Quality in a Blackfoot Disease Area in Taiwan. Science
of the Total Environment, 313, 77-89.
https://doi.org/10.1016/S0048-9697(02)00683-6

Davies, O.A. and Ugwumba, O.A. (2013) Tidal Influence on Nutrients Status and
Phytoplankton Population of Okpoka Creek, Upper Bonny Estuary, Nigeria. Journal
of Marine Biology, 2, 1-17. https://doi.org/10.1155/2013/684739

Fatema, K., Maznah, W.W. and Isa, M.M. (2015) Spatial Variation of Water Quality
Parameters in a Mangrove Estuary. International Journal of Environmental Science
and Technology, 12, 2091-2102. https://doi.org/10.1007/s13762-014-0603-2

Abowei, J.E.N. (2010) Salinity, Dissolved Oxygen, pH and Surface Water Tempera-
ture Conditions in Nkoro River, Niger Delta, Nigeria. Advance Journal of Food Science
and Technology, 2, 36-40.

Kumary, K.A., Azis, P.A. and Natarajan, P. (2007) Water Quality of the Adimala-
thura Estuary, Southwest Coast of India. Journal of the Marine Biological Associa-
tion of India, 49, 1-6.

Rajasegar, M., Srinivasan, M. and Khan, S.A. (2002) Distribution of Sediment Nu-
trients of Vellar Estuary in Relation to Shrimp Farming. India Journal of Marine
Science, 31, 153-156.

Ayissi, I., Ajonina, G.N. and Angoni, H. (2014) Status of Large Marine Flagship
Faunal Diversity within Cameroon Estuaries of Central African Coast. In: Diop, S.,
Ed., The Land| Ocean Interactions in the Coastal Zone of West and Central Africa,
Springer, Berlin, 97-107. https://doi.org/10.1007/978-3-319-06388-1 9

Nsombo, E.N., Bengono, F.A.O., Etame, J., Ndongo, D., Ajonina, G. and Bilong, P.

DOI: 10.4236/0jms.2021.113008

127 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008
https://doi.org/10.1016/B978-0-12-814350-6.00015-X
https://doi.org/10.9790/5736-0453540
https://doi.org/10.1016/S0043-1354(99)00225-0
https://doi.org/10.1016/j.proenv.2010.10.133
https://doi.org/10.1016/j.envsoft.2006.02.001
https://doi.org/10.4135/9781412984256
https://doi.org/10.1016/S0048-9697(02)00683-6
https://doi.org/10.1155/2013/684739
https://doi.org/10.1007/s13762-014-0603-2
https://doi.org/10.1007/978-3-319-06388-1_9

A.C. Mama et al.

(61]

(62]
(63]

(64]

(65]

(6]

(67]

(68]

[69]

(70]

(2016) Effects of Vegetation’s Degradation on Carbon Stock, Morphological, Physi-
cal and Chemical Characteristics of Soils within the Mangrove Forest of the Rio del
Rey Estuary: Case Study-Bamusso (South-West Cameroon). African Journal of En-
vironmental Science and Technology, 10, 58-66.
https://doi.org/10.5897/ATEST2015.1956

Onguéné, R. (2015) Modélisation multi-échelles de la circulation océanique en Afri-
que centrale, de la plaine abyssale a I'estuaire du Cameroun. Université de Toulouse
3 Paul Sabatier, Toulouse.

McLusky, D.S. (1981) The Estuarine Ecosystem. Blackie, Glasgow and London.

Dreal-France (2013) Réseau des estuaires bretons, Qualité des eaux. Direction Régio-
nale de PEnvironnement, de ’Aménagement et du Logement de Bretagne, Estuaire
de la Rance, France.

Vinayachandran, P.N., Murty, V.S.N. and Ramesh Babu, V. (2002) Observations of
Barrier Layer Formation in the Bay of Bengal during Summer Monsoon. Journal of
Geophysical Research: Oceans, 107, 12-19. https://doi.org/10.1029/20017C000831

Vajravelu, M., Martin, Y., Ayyappan, S. and Mayakrishnan, M. (2018) Seasonal In-
fluence of Physico-Chemical Parameters on Phytoplankton Diversity, Community
Structure and Abundance at Parangipettai Coastal Waters, Bay of Bengal, South East
Coast of India. Oceanologia, 60, 114-127.
https://doi.org/10.1016/j.0ceano.2017.08.003

Madramootoo, C.A., Johnston, W.R. and Willardson, L.S. (1997) Management of
Agricultural Drainage Water Quality. Food and Agriculture Organization of the United

Nations, Rome.

Fonge, B.A., Tening, A.S., Egbe, E.A,, Yinda, G.S., Fongod, A.N. and Achu, M. (2012)
Phytoplankton Diversity and Abundance in Ndop Wetland Plain, Cameroon. Afri-
can Journal of Environmental Science and Technology, 6, 247-257.
https://doi.org/10.5897/AJEST12.025

Giordani, G., Bartoli, M., Cattadori, M. and Viaroli, P. (1996) Sulphide Release from
Anoxic Sediments in Relation to Iron Availability and Organic Matter Recalcitrance
and Its Effects on Inorganic Phosphorus Recycling. In: Coastal Lagoon Eutrophica-
tion and ANaerobic Processes (C.L.E.AN.), Springer, Berlin, 211-222.
https://doi.org/10.1007/978-94-009-1744-6 17

El Morhit, M., Fekhaoui, M., Serghini, A., El Blidi, S., El Abidi, A., Yahyaoui, A. and
Hachimi, M. (2012) Etude de I’évolution spatio-temporelle des paramétres hydrolo-
giques caractérisant la qualité des eaux de l'estuaire du Loukkos (Maroc). Bulletin
de ! Institut Scientifique, Rabat, section Sciences de la Vie, 34, 151-162.

Diallo, A.D., Namr, K.I, N'Diaye, A.D., Garmes, H., Kankou, M. and Wane, O. (2014)
L’intérét des méthodes d’analyses statistiques dans la gestion du suivi de la qualité
physico-chimique de I'eau de la rive droite du fleuve Sénégal. LARHYSS Journal, 17,
101-114.

DOI: 10.4236/0jms.2021.113008

128 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2021.113008
https://doi.org/10.5897/AJEST2015.1956
https://doi.org/10.1029/2001JC000831
https://doi.org/10.1016/j.oceano.2017.08.003
https://doi.org/10.5897/AJEST12.025
https://doi.org/10.1007/978-94-009-1744-6_17

	Understanding Seasonal and Spatial Variation of Water Quality Parameters in Mangrove Estuary of the Nyong River Using Multivariate Analysis (Cameroon Southern Atlantic Coast)
	Abstract
	Keywords
	1. Introduction
	2. Material and Method
	2.1. Study Area and Sampling Stations
	2.2. Data Analysis

	3. Result
	3.1. Seasonal Variation of Physicochemical Parameters
	3.2. Spatial Variation of Physicochemical Parameters
	3.3. Multivariate Analysis Methods
	3.3.1. Correlation Matrix of Physicochemical Parameters
	3.3.2. Principal Component Analysis


	4. Discussion and Conclusion 
	Acknowledgements
	Conflicts of Interest
	References

