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Abstract
The purpose of this study is to assess the state of contamination of fish in the
Sô River by trace metal elements including Zinc, Lead, Cadmium, Copper
and Arsenic. Water samples and four species of both sexes (Clarias anguillaris, Kribia kribensis, Tilapia guineensis and Eleotris vittata) were collected
and analyzed. The pH, temperature and values of the chemical species present
in the water of the Sô River characterize an ecosystem favorable to the growth
of aquatic species. The Metallic Traces Elements (MTE) concentrations vary
from one fish species to another and depend on the sex and age of the animal.
Zinc and copper are more concentrated in males than females with the exception of copper in Tilapia. The Pb concentration is higher in young Kribia and
Clarias as well as Zn and Cd in young Tilapia. The concentrations in Cd and
Pb are well above the European standards and those in the Republic of Benin,
worrying results that express a health toxicity risk related to the consumption
of fish of the river Sô.
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1. Introduction
The development of the industry, the strong growth and the strong demographic
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growth, the urbanization, associated with the intense agropastoral activities are
real and constant sources of pollution of the ecosystems. In fact, pollutants
dumped in nature, without prior treatment, increase the rate of pollution of the
environment (Ouédraogo, 2016). This pollution poses a clear risk to aquatic organisms and is therefore a danger to human health (Chouti et al., 2011). It is irrefutably accepted that the well-being of the human community is dependent on
its environment and the measures it takes to preserve it, to protect it. This protection includes, among other things, knowledge of the types of pollutants in the
ecosystem and their fate in the environment. And the Metallic Traces Elements
(MTE) are among the major pollutants of the environment as much by the ubiquitous character of their presence within the biosphere as by their toxicity and
their bioaccumulation potential in several aquatic species, inducing devastating
effects (Katemo et al., 2010).
MTE can be very dangerous to the health of humans and other animals and
plants when they are present in the environment at high concentrations
(Fakayode, 2005). Living organisms can accumulate pollutants (including trace
elements) at concentrations greater than those of their biotope (Tabinda et al.,
2010; Ogindo, 2001).
It should be noted that Sô River is under a strong demographic pressure due
to its wetland situation. As a result, it has become a receptacle for solid and liquid waste, numerous pig and cattle excrements and finally hydrocarbons (oil,
gasoline, diesel, motor oil) (Kiossa, 2011) resulting from fraud. These different
wastes are sources of various contaminations including those related to MTE in
an ecosystem. However, fishing and trade in fish products are a source of livelihood, food and employment for many men and women.
The objective of this study is to diagnose the contamination of fish species by
the MTE (Zn, Cu, Cd, Pb and As). Thus, it was necessary to evaluate the degree of
contamination according to the sex and the age of four fish species of the Sô River.

2. Materiel and Methods
2.1. Study Framework
Long of 84 km, Sô River has its source in Lake Hlan and is connected to the
Ouémé River by backwaters. It covers the scale of the municipality of Sô-Ava
which it forms the watershed. Throughout this slope, local residents practice
important agropastoral activities (potatoes, cassava, corn and crops). They use
fertilizers. The herd (pigs and oxen) is left on the banks. Similarly, for their fishing activities, many branches are used for the realization of acadjas, which abounds and clutters the river. And finally, the fraudulent traffic of hydrocarbons
is observed daily with frequent accidents which make pour huge quantities of
these harmful products.

2.2. Sampling
Water and fish samples were collected on August 29, 2018 at four different
DOI: 10.4236/gep.2018.612017
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points along the main stream (Figure 1). Thus, just after the arrival of the fishermen on the shore, four species of commonly caught fish and, consequently,
the most consumed by the local and surrounding population, were sampled at
the rate of three individuals per species. The water from the river is immediately
taken in the village corresponding to the throwing of nets. The fish come from
the catch of the artisanal fishery. It uses a variety of gear and fishing techniques

Figure 1. Geographical location of the study area.
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including gillnets (10 to 100 mm mesh stretched), traps, baited single and composite lines (longlines) and dam nets. Each fish species is identified according to
the taxonomic identification guides of West African fish (Lévêque, 1990, 1992).
The fish samples are measured and weighed respectively with an ichthy meter
(to the nearest mm) and a KERN electronic scale (0.1 g accuracy). Plate 1
presents the photograph of the fish species concerned. Their scientific and local
identifiers are mentioned.
Analysis of the water samples: The water samples were taken in double-capped
polyethylene bottles with a capacity of 1000 mL, stored in a cooler at 4˚C and
returned to the laboratory. During sampling, a suitable measuring device is used:
a Secchi disk; a multi parameter, Model SX736 pH/mV/Conductivity/DO Meter.
With this device, the physical parameters are measured on the spot. In the laboratory, chemical parameters were measured using a DIONEX ICS-1000 ion
chromatograph at the National Public Health Laboratory.
Analysis of fish samples: At sampling, the following parameters, weight and
height, were determined before dissection. The fish, once thawed, were chipped,
the viscera emptied, and then dissected. We took from each fish approximately
200 g of flesh which was then pounded.
Analysis of MTE in Fish: The MTE were extracted from the soluble solutions
of flesh obtained above as follows: a mass of between 0.10 - 0.5 g (Pmineral) of flesh
of each sample was weighed in a school 100 ml previously tarred; 4 ml of 95%
sulfuric acid (H2SO4) is added. The whole was heated to boiling on a hot plate
(physiochemical hood) for about an hour. After heating, hydrogen peroxide was
added to bleach the solution. After cooling, the solution was filtered into a 100
ml flask, on ordinary Whatman filter paper. The volume was completed to the
mark with distilled water. The samples were kept closed in vials, cool at 4˚C, until dosing. The arsenic, copper and zinc assay was performed by neutralization of
the mineralizer. In fact, 20 mL of the mineralized material is neutralized and

Plate 1. Photograph of sampled fish species.
DOI: 10.4236/gep.2018.612017
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supplemented to twice the starting volume by adding 5N NaOH to a pH value of
between 4 and 5. The lead and the cadmium are determined by the Dithizone
method.
Figure 2 describes the methodology used for metal analyzes in fish.

Figure 2. Diagram describing the methodology adopted.
DOI: 10.4236/gep.2018.612017
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3. Results and Discussion
3.1. Results
PHYSICO-CHEMICAL PARAMETERS OF WATER SAMPLES
The following figures present the results of analyzes of the water from which
the fish are derived.
From Table 1, the parameter values are almost identical to the levels of the
three sampling sites. The pH of the water is between 6.51 and 6.85; the peak
temperature is around 27.73˚C, the average value of TDS is 99 mg/L.
Analysis of Figure 3 shows that the chloride ion content is higher than the
other anions. The highest content of chloride ions is observed at the So-AVA
site, as for the HCO3− ions, the highest content is recorded on the site Havè.
Figure 4 shows the variation of fluoride and phosphate ions. Sochanhoué is
richer in phosphates whereas the fluoride ions are abscent. Fluoride ions are
higher at So-AVA.
The concentration of the iron ion (Figure 5) is almost identical at all three
sites as well as that of the ammonium ion. Calcium ions are important with a
higher concentration in So-AVA. Calcium and magnesium ions give the water a
high degree of hardness. The content of dissolved oxygen is very low, which can
make oxidation reactions in the medium difficult.
The high value of the hardness observed in Figure 6 confirms the content of
Mg2+ and Ca2+ ions reported above.
Table 1. Physicochemical parameters.
pH

CE (µS/cm)

T (˚C)

TDS (mg/L)

So-AVA

6.55

98.2

26.9

98

Havè

6.51

99.13

27.3

99

Sochanhoué

6.51

102

29

100

Figure 3. Chloride, iodide and hydrocarbon ion content.
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Figure 4. Fluoride and phosphate ion content.

Figure 5. Fe2+/Fe3+, Mg2+, Ca2+, O2, NH +4 content.

Figure 6. Variation in total hardness, alkalinity and chemical oxygen demand.
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For Kribias and Tilapia, the male has a size and a weight higher than the female whereas for Claris and Eleotris, it is the opposite (Table 2). The size of the
fish is proportional to their weight.
For Kribia, Zinc and Cadmium are more concentrated in the male, Copper in
the middle fish and Lead in the youngest (Figure 7).
For Tilapia, Zinc and Cadmium are more concentrated in the youngest, Lead
in the male and Copper in the female (Figure 8).
For Eleotris, copper and zinc are more concentrated in males, lead and Cadmium in females (Figure 9).
Table 2. Size and weight of fish.
Fishes

Kribia

Tilapia

Clarias

Eleotris

Category

Size (cm)

Weight (g)

Male

9.5

10.53

Female

10.5

12.975

Mean

7.3

5.72

Youngest

6

3.37

Male

19.5

113.88

Female

20

127.77

Mean

14

47.33

Youngest

7.7

8.2

Male

46

469.05

Female

35

278.77

Mean

29

170.4

Youngest

25

114.67

Male

18

82.9

Female

15

49.47

Mean

8

7.73

Figure 7. Variation of MTEs in Kribia.
DOI: 10.4236/gep.2018.612017
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Figure 8. Variation of MTE in Tilapia.

Figure 9. Variation of MTE in Eleotris.

For Clarias, copper and zinc are more concentrated in the middle fish, lead in
the smaller and Cadmium in the male (Figure 10).

3.2. Discussion
Sô River is one of the western branches of the Ouémé River and also discharges
its waters north-west of Lake Nokoué at the lake city of Ganvié (Lalèyè, 1995).
This river contains several species (fish) divided into 19 families (Cyrille, 2012).
The species that inhabit this river are captured and consumed by the population.
However, the quality of water determines the quality of these species.
Physicochemical parameters are factors of verification of the water quality.
Thus, temperature, which is one of the main regulators of the metabolic
processes that take place in the water, is on average 27.73˚C. A temperature between 24˚C and 35˚C allows a good growth of the aquatic species (Dèdjiho,
DOI: 10.4236/gep.2018.612017
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Figure 10. Variation of MTE in Eleotris.

2011). This temperature value is between those found (26.95˚C and 28.17˚C) on
the same river (Koudenoukpo et al., 2017; Cyrille, 2012) these temperature differences depend on the season and time at which the temperature was measured.
This value is close to those found in Ouémé delta waters in 2016 (26.20˚C) and
in the Porto-Novo lagoon in 2011 (28.91˚C) (Zinsou et al., 2016; Chouti, 2011).
This value is lower than the temperature found in 2017 on the coastal (30˚C)
(Chouti et al., 2017).
The pH of a water summarizes the equilibrium stability established between
the different forms of carbonic acid and is related to the buffer system developed
by carbonates and bicarbonates (El Blidi & Fekhaoui, 2003; Himmi et al., 2003;
Ezzaouaq, 1991). The average value of the pH of the recorded water is 6.52. This
value is close to the value found in 2012 on the same river (6.15) and in 2016 and
in the waters of Delta Ouémé (6.28) (Zinsou et al., 2016; Cyrille, 2012). This value is lower than the value found in 2017 on the same river (7.16), in 2017 in the
waters of the coastal lagoon (7.32), in 2014 on the lagoon complex
Ahémé-Guézin (7.76 and 9.15) (Koudenoukpo et al., 2017; Chouti et al., 2017;
Bocodaho, 2014). This difference can be explained by the nature of the rocks,
speciation and availability of MTE, acid precipitation, biological activity, and
some releases.
Oxygen is one of the most useful parameters for water and is an excellent indicator of its quality. The average value of dissolved oxygen is 0.4 mg/L. This
value is higher than that found in 2011 in the Porto-Novo Lagoon and the one
found during the two seasons at Oued Moulouya, Eastern Morocco and in 2012
in the river Sô (5.5) (Cyrille, 2012; Makhoukh et al., 2011; Chouti, 2011). The
low recorded content may be due to the high temperature, because the higher
the temperature is, the more the dissolved oxygen decreases (Hébert & Légaré,
2000). It can also be due to eutrophication; the consumption of oxygen by the
micro-organisms responsible of the degradation of organic matter can lead to
DOI: 10.4236/gep.2018.612017
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oxygen deficit in rivers.
Chemical Oxygen Demand (COD) is the amount of oxygen consumed by
chemically oxidizable materials in the water. It is representative of most of the
organic compounds but also oxidizable mineral salts (sulphides, chlorides, etc.).
The COD content recorded at the water level averages 12.60 mg/L.
The concentration of nitrate and nitrite ions are zero, these results are favorable to aquatic life.
The chemical species (Ca2+, Cl−, HCO3− , Fe2+/Fe3+, Mg2+ and NH +4 ) are
mainly present in the waters of the river. Calcium and magnesium are the dominant ions in the river. The presence of these elements may be due to the bedrock and makes the water hard. F−, PO −4 and I− are present in small proportion.
The average value of TDS is 99 mg/L and the salinity of the water is zero during the sampling period. This factor explains the absence of some aquatic species
and the presence of other species sensitive to salinity.
The metal content in fish is generally specific to species (Gaspic et al., 2002).
Differences in metal concentrations between species may be related to habitat,
fish mobility, feeding, or other behavioral characteristics (El Morhit et al., 2013).
Zinc is more concentrated in the male than the female, whatever the fish species. This remark is also made for copper except for Tilapia. These results are
contrary to those of Sidoumou in 1991 showing that the female gonads concentrate more Copper and Zinc than the male gonads (Sidoumou, 1991). This difference may be related to the nature of the species. The difference in Copper and
Zinc concentration between the two sexes may be due to reproductive activity in
females. Zinc provides a catalytic and structural role in the body; it is involved in
the structure of several metalloenzymes (Drif, 2012). For Kribia and Clarias,
Lead is more concentrated in the youngest and for Tilapia, Zinc and Cadmium
are more concentrated in the youngest. The higher concentration of metals in
younger species generally reflects the short time of the accumulation of these
metals in fish, combined with the higher rate of metabolism compared to adult
organisms (El Morhit et al., 2013; Cossa et al., 1992).
Significant differences were reported between Zinc and Cadmium levels with
higher Zinc concentrations in Tilapia and Eleotris (119 and 136 mg/kg), mean
levels of Zinc are 13 and 23 mg/kg, mean levels of Cadmium respectively for Tilapia and Eleotris. The same remark is made in 2013 by El Morhit for the two
metals on the south Atlantic coast (Morocco) for the species Pagellus acarne,
Sardina Pilchardus and Diplodus vulgaris.
The concentration of Cadmium varies from 9.41 to 29.11 mg/kg and that of
Lead varies from 2.48 to 45.43 mg/kg of fresh weight, these values are much
higher than the European standards acceptable in the human diet (Cadmium =
0.1 mg/kg, Lead = 0.5 mg/kg of fresh weight) (E.C., 2002) and the maximum levels set by the Ministry of Agriculture, Livestock and Fisheries in Order N˚0362
MAEP/D-CAB/SGM/DRH/DP/SA (MAEP, 2007) for certain contaminants in
foodstuffs in the Republic of Benin (Cadmium = 0.05 mg/kg, Lead = 0.30 mg/kg).
DOI: 10.4236/gep.2018.612017
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The concentrations of Cadmium and Lead recorded in river fish are higher
than those found in the fish of the Porto Novo lagoon, and it already asserts that
this poses a real potential danger to the health of the fish consuming populations
(Chouti et al., 2011). These results prove that fish of the Sô River consumption is
a risk to human health.

4. Conclusion
Access to a quantity and quality fish resources remains a major challenge for
people in Benin. The majority of the resources are contaminated by metals and
their consumptions represent health risks for people. Sampling of water and fish
species from Sô River in southern Benin has made it possible to assess the physicochemical parameters of the water and the quality of the river’s fish species.
At the end of this research, an assessment of the risk of toxicity of the fish of Sô
River by contaminations in metals is done. This river contains an abundant fishery resource including several species of fish which are consumed by the populations. The water that conditions the quality of these fish species in the environment is analyzed. The values of the temperatures, pH and the chemical species present show a good growth of the aquatic species. The concentrations of
the metals which are function of the sex and the size of the individual present
values higher than the accepted standards. These results indicate risks to fish
consumption in the Sô River and need to be further explored in order to protect
the health of consumers.
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