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ABSTRACT

Mercury pollution of water bodies constitutes a hazard to both the aquatic life and the populations
consuming fishery products. To anticipate the probable eco-toxicological risks that may arise from the largest
lake in southern Benin, the present work aims at assessing the mercury status of the sediments of Lake Nokoué,
while identifying the areas exposed to anthropogenic mercury contamination. 45 sites were sampled according
to a grid plan covering the entire ecosystem of the lake. Employing a Van Veen grab, surface sediments are
collected at a depth from 0 to 5 cm in three catches at each site. The composite samples formed at equal mass on
the three portions were frozen, lyophilized at - 40 °C, crushed, sieved and homogenized. Fraction less than 63
pm was collected for the mercury content determination by Direct Mercury Analyzer (DMA) operating by atomic
absorption according to the US EPA 7473 method. The mercury concentration varies from 1.56 pg/kg to 164.88
pg/kg with an average value of 35.18 g per kg of sediment. The south-eastern zone of the lake is more
concentrated in mercury with a summation of the mercury content of 530.3 pg/kg of sediment. However, the
lake has moderate contamination overall (1 <FC < 3).
© 2021 International Formulae Group. All rights reserved.
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INTRODUCTION

In an aquatic environment, the sediment
is positioned as a preferred segment when it
comes to the study of pollutants. Sediment has
in fact been shown by several authors to be the
place of accumulation and persistency of many
hazardous metals (Diop et al., 2014; Saher et
al., 2016; Nahli et al., 2016; Sousou et al.,
2019). Among the sediment micropollutants,
mercury is a metal that is highly toxic to both

© 2021 International Formulae Group. All rights reserved.

DOI: https://dx.doi.org/10.4314/ijbcs.v15i1.27

aquatic fauna and flora and to human health
(Dominique, 2014). When stored in sediment,
mercury can be remobilized in water and
entered the food chain through the process of
biomagnification (Degila et al., 2019). In Benin
Republic, several studies on heavy metals have
been carried out on the largest lake in the south
of the country, the Lake Nokoué (Dovonou et
al., 2011; Chouti et al., 2011; Hounkpatin et al.,
2011; Youssao et al., 2011; Alassane et al.,
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2018; Adechina et al., 2019), but very little is
really directed towards the mercury pollution
of the lake sediments. Indeed, Chouti (2011)
and Yehouenou (2013) have, demonstrated
respectively a mercury contamination of the
sediments of the village of Boudedomey at the
vicinity of the Porto-Novo lagoon and in the
village of Ganvié at the level of the lake
Nokoué. However, the study of the distribution
of mercury over the entire sedimentary
environment has never been carried out.

In addition, Lake Nokoué, one of the
most productive and most exploited water
complex in West Africa (Yehouenou, 2013) is
increasingly under the threat of metal pollution.
In fact, the waters and sediments of the lake and
of the Cotonou channel are contaminated by
cadmium, copper, zinc, iron, mercury and
arsenic (Agonkpahoun, 2006; Lawani, 2007;
Darboux, 2008). Studies of fish caught at the
lakeside of Ganvié show contamination by
cadmium and lead, a potential health risk for
the population that consumes the fish
(Yehouenou, 2013). The evaluation of the
metallic pollution of the lake, carried out over
a period of three years by Yehouenou (2013)
reveals that the ecosystem is polluted by lead,
cadmium, zinc and mercury. According to the
same author, the uncontrolled dumping of
waste is the cause of the high lead
concentrations measured in sediments, fish,
shrimp and oysters at Ganvié and So-
Tchnahoué. In addition, the highest mercury
concentrations in water (> 1 mg/L) are
observed at Dantokpa and Ahouansori. This
could mean that the measured mercury is
related to point pollution or drained from a
diffuse source. Thus, a more in-depth
investigation of mercury pollution of lake
Nokoué would be an asset, especially in a
context where Benin is a signatory party of the
Minamata convention on mercury since 2017.

The present work, part of a spatial
assessment of the mercury contamination of
sediments in Lake Nokoué, is interested in
establishing the correlation between mercury
and some environmental parameters and in
evaluating the ecological risk of the sediments
through the calculation of quality indices.
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MATERIALS AND METHODES
Area of study

Nokoué is the largest lake in southern
Benin Republic, with an average length of 20
km (east - west) and a width of 11 km (north -
south). It covers a surface area of around 150
km? with a low water level and lies between
parallels 6 ° 20 ’and 6 ° 35’ N latitude and
meridians 2 © 20 ’and 2 ° 33’ E longitude. Lake
Nokoué connects, to the north, with the S0
delta, to the east with the Porto-Novo lagoon
and the Ouémé river, to the south with the
channels of Totché canal and of Cotonou.

Lake Nokoué banks are occupied by the
major cities such as Cotonou in the south,
Abomey-Calavi in the west, and Sémé-Kpodji
in the east. It is home to some lakeside villages,
the most coveted for tourism is Ganvié (Figure
1).

Sampling and conditioning

Sediment samples are collected in April
2018, following a grid plan of the entire lake
(Figure 2). A total of 45 georeferenced sites,
equidistant of 2.25 km are sampled. At each
site, three sediment sample at points, separated
by one to two meters apart, are collected; each
to a depth from 0 to 5 cm using a Van Veen
manual bucket. Each sample is collected in a
polyethylene bag, labeled and then stored at 4
°C prior to getting to the laboratory.

Pretreatment and analysis

In the laboratory, the samples are
treated in accordance with the NF 1SO 11464
standard. They are first lyophilized at -40 °C,
then crushed, sieved and homogenized. The
composite samples are prepared according to a
mixture of equal mass of the three samples per
site. These samples are then sieved on a sieve
with a porosity of 2 mm at first. This fraction
was used for the determination of water pH, eH
and organic matter. Secondly, the samples are
sieved at a porosity of 63 um. The fine fraction
(<63 pum) is recovered for the determination of
mercury.

The mercury determination is carried
out by cold vapor Atomic Absorption
Spectrometry, with the Direct Mercury
Analyzer (DMA-80) following the US EPA
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7473 method. The total mercury contained in a
mass of 100 mg of sample is subjected to a flow
of oxygen, for incineration and amalgamation
with gold.

Statistical analysis

A descriptive analysis is done on all the
data. On lake Nokoué, the distribution of the
studied parameters is highlighted through the
boxplots. The correlation between the various
parameters studied is evaluated using the
Pearson test with a statistical significance set at
p < 0.04. Analysis of variance is done to assess
the effect of sampling areas and other
parameters on mercury concentration.

Ecological risk assessment
The assessment of the quality of the
sediments studied is made by calculating the

geo-accumulation index (lgeo) (Nahli et al.,
2016; Miller, 1981), the contamination factor
(FC) (Sahli, 2012; Rubio et al., 2000) and by
comparing the mercury contents by sites with
sediment quality guide values such as TEC

Igeo =log?2 ( ) FC= (é_mg

m
1,5xCfg

(Threshold Effect Concentration) and
PEC (Probable Effect Concentration)
according to MacDonald (2000).

* Cm: concentration of the metal measured

* Cfg: concentration of the geological

background of the metal

* The value of the background noise here used
for mercury is 56pg / kg (Soussou et al., 2019;
Wedepohl, 2015).
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Figure 1: Geographical location of Lake Nokoué.
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Figure 3: Distribution of the mercury concentration on Lake Nokoué.
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RESULTS
Mercury distribution

Sediments at tributaries show that the
sediment content of mercury from the S6-Awa
river to the lake varies from 27ug/kg to
61pg/kg. The minimum content of this
tributary remains however lower than that
observed at the entrance of the tributary at the
Ouémé river. The mercury concentration
becomes much more noticeable in the eastern
and western parts of the lake going south with
the highest concentrations downstream.
Indeed, the southern peripheral area of the lake
is sheltered by household waste dumps
(Hounkpe et al., 2017). This corroborates with
the concentrations in the lake water at
Dantokpa and Ahouansori related to the waste
dumped in the lake (Yehouenou, 2013).

Physical-Chemical parameter of sediments
Table 1 presents a general description of
the parameters involved in this study. It
appears that the average pH value of the
medium is 6.63 with a maximum value of 8.12.
The pH values below 5 are obtained at the entry
points of the Sé river, the Ouémé river and the
Djonou tributary. The proportions of organic
matter evaluated by loss on ignition at 550 °C
reveal that the studied sediments are highly
loaded with organic matter (OM > 10%), which
is in line with the work of Hamssa (2018). The

sedimentary layer of this lake is mainly sandy,
with a maximum proportion of fine matter of
16.45%. The average value of mercury in the
sediment is 35.18 ug / kg. This value is higher
than that found in Lake Kossou (0.02 mg / kg)
(Soussou, 2019). However, it remains lower
than the average values obtained by Chouti
(2010) in the Porto-Novo lagoon, which vary
from 0.90 mg / kg to 2.73 mg / kg or even that
found in the Ebrié lagoon (0, 50 mg / kg)
(Touré et al., 2018). Lake Nokoué is also
shallow with a maximum depth of 3.46 m at its
center.

Correlation matrix

The correlation tests between the
various overall parameters (Table 2) reveal a
high significance between the mercury content
and the proportion of organic matter. The
increase in the mercury concentration in the
sediments is explained at 96% by the
proportion of organic matter in the
environment. In addition, organic matter is
positively correlated with the fine fraction and
negatively with the water pH. This would
reflect a dependence between the mercury
content and the fine fraction which is not
statically highlighted here. In fact, the finer the
particle size of the sediment, the greater its
capacity to accumulate trace metals present in
the medium (Wedepohl, 1995).

Table 1: Statistical data of the parameters measured in the sediment.

Parameters n mean median ~ min Max sd se

Organic matter (%) 135 16,62 14,73 1,29 46,16 12,90 1,11
pH-water 135 6,63 7,25 3,37 8,12 1,34 0,11
eH 135 29,69 -9,20 -61,90 216,20 79,82 6,87
Fine fraction (%0) 135 3,61 2,76 0,13 16,45 2,93 0,25
Depth (cm) 135 118,96 115,00 8,00 346,00 65,55 5,64
[Ho] (ng/kg) 135 35,18 28,04 1,56 164,88 24,57 2,11
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Table 2: Correlation between the different parameters.

MO pH-water eH Fine- frac Deep Hg
MO 1,00 -0,41* 0,40* 0,46* -0,31 0,47*
pH-water 1,00 -1,00 -0,62 0,40 -0,12
eH 1,00 0,62 -0,45 0,11
Fine fraction 1,00 -0,40 0,11
Depth 1,00 0,19
Hg 1,00

* Significant correlation at the 0.04 level

DISCUSION

Each point of the lake presents a
particularity in terms of the behavior of the
various parameters (Figure 4). There is no
significant difference regarding the variation in
the percentage of organic matter whatever the
zone considered on the lake. The north-west of
the lake is different from all the other points by
its pH values which are mainly (50%) between
4 and 6; 25% of the samples have pH values
below 4.

A clear variability is observed in the
proportion of the fine fraction (< 63 um) at
different locations of the lake. 50% of the
samples in the North-West zone are made up of
5 to 15% of fine matter, versus 50% made up
of 2.5 to 5%. In the south-eastern part of the
lake, the fine fraction varies very little (0 to
5%) and is better distributed over the entire
surface area considered.

There is a gradual variability with
regard to mercury going from the northern
zones to the southern zones. The northeast of
the lake has low variability in the mercury
content in the sediment compared to other lake
environments. 50% of the samples in this part
of the lake have mercury content that varies
from 15 to 25 pg/kg. This can be explained by
the fact that the North East is under the
influence of two large tributaries, the Ouémé
river and the Porto-Novo lagoon. The water
current would carry most of the surface
sediments towards the south-eastern zone
where a fraction would probably settle and the
rest, under a much more moderate current due
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to the absence of an affluent, would reach the
Cotonou channel. It emerges from all the above
that in the southern zone of the lake, the finer
the sediment, the higher the proportion of
organic matter and the higher the mercury
content, which confirms the correlation tests
between the parameters studied.

In terms of classification of the zones
according to a summation of their mercury
concentrations (Figure 5), the South-East zone
comes first, followed by the South-West zone,
then the North-West zone and finally the
North-East zone with concentration values
respectively of: 530.3 ug/ kg, 432.8 ug / kg,
385.2 ug / kg and 259.5 pg / kg of sediment. In
addition, the analysis of variances (Table 3)
reveals a highly significant difference (p <
0.001) between the sampled points of the lake,
the organic matter and the depth. Moreover, the
mercury contamination of the lake is drained
downstream, to be evacuated into the Cotonou
channel, where it reaches an average value of
150.32 pg / kg (NP43 site).

The geo-accumulation index
determination (Figure 6) according to the
classification of Miller (1981) and Ruiz (2001)
indicates that the overall mercury content of the
lake at the considered sites is linked to the
concentration of the metal background (Igeo <
0). Thus, Lake Nokoué does not present any
mercury contamination. This is in agreement
with the level of contamination of Lake Kossou
(Soussou, 2019). On the other hand, the exit of
the lake, which is the entry to the Cotonou
channel, is found in the category of unpolluted
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to slightly polluted sediments (0 < Igeo < 1).
Thus, the pollution of the lake sediments
accumulates at the lake outlet to be evacuated
into the marine environment through the
Cotonou channel.

Moreover, by obscuring the effect of
background noise, the calculation of the

contamination factors (Figure 7) shows that the
lake at its considered sites is moderately
contaminated with mercury. Indeed, the values
of FC values vary from 1 to 3 according to the
classification of Rubio (2000).
contamination would therefore be linked to
human activities.
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Figure 4: Distribution of the parameters studied according to the different zones of Lake Nokoué.
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Table 3: Analysis of the variances of the studied parameters.
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Conclusion

The concentration of mercury in the
sediments varies from one point to the other of
the lake depending on the area and the
proportion of organic matter. Areas that are
influenced by human activities, including
lakeside towns and wild dumpsters, have the
highest mercury levels. The very good
distribution of the sediment in the south-east of
the lake, which receives the sediment flows
coming from the upstream of the north lake,
has a high concentration of mercury which
correlates with the proportion of organic matter
in the sediment. In addition, the finer the
sediment, the higher the organic matter and the
higher the mercury content. The moderate
mercury contamination observed in this aera of
study requires regular monitoring in order to
anticipate extreme mercury pollution that may
be linked to anthropogenic pressures to which
Lake Nokoué is subject.
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