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Abstract 

Lake Nokoué is the most productive Lake in West Africa, but unfortunately its resources are declining due to several factors 

including organic and chemical pollution. The present study aims to investigate the impact of this advanced pollution 

onestuarine tilapia Sarotherodon melanotheron. Thus, 60 sexually mature individuals (30 males and 30 females) of this 

specie were captured from the Lakes Nokoué and Toho with the Lake Toho considered as a reference. Blood samples were 

taken from fish of both sites to compare the hematological parameters (hemoglobin level (Hb), total leukocyte count (TLC), 

differential leukocyte count) and biochemical parameters (glycemia level, creatinine and transaminases). In addition, the 

physicochemical parameters of water from three sites (S1, S2 and S3) of Lake Nokoué and two sites (S4 and S5) of Lake 

Toho were recorded and the organic pollution indices (OPI) calculated. The findings of this investigation revealed an OPI = 

1.33 ± 0.14 for Lake Nokoué, confirming its very high organic pollution compared to Lake Toho which has compatible OPI 

for living fish (OPI=3.875 ± 0.18).Regarding the hematological parameters, the study revealed in S. melanotheron from 

Lake Nokoué a low Hb and a high TLC emphasizing leukocytosis due to the compensation and defensive response versus the 

toxic effect of pollutants on fish. As for the biochemical parameters, high levels of plasma glucose, creatinine and 

transaminases reveal an environmental stress and hepato-nephrotoxic effects of the cocktail of pollutants on S. melanotheron 

in Lake Nokoué. All together, on one hand the study demonstrated the poor state and threat to the survival of S. 

melanotheron in Lake Nokoué and on the other hand, raises a public health problem related to the consumption of such fish. 

 

Keywords: Hematological parameters; Biochemical parameters; Lake Nokoué; Cocktail of pollutants; Sarotherodon 

melanotheron. 
 

Introduction 

Lake Nokoué (Figure-1) is the most productive watercourse in 

West Africa with an annual fish production of more than 1 to 2 

tons per hectare, against an average annual of 290 kg per hectare 

for all West African lagoons
1-3

. In the year 2000, the halieutic 

production of the lagoon complex Lake Nokoué - Porto-Novo 

lagoon represented 65 to 70% of the production of the 

continental rivers of Benin and the Lake Nokoué contributed for 

nearly 90%
2
. Unfortunately, these resources have now 

experienced a sharp decline due to the advanced pollution of 

this river. For example, in their inventory intended to identify 

species threatened with extinction, Lalèye et al.
4 

listed 67 

species while Gras
5 

had listed 87. A difference of 20 species in 

36 years which clearly shows an erosion of biodiversity for 

which one of the essential causes is pollution. Indeed, several 

authors have shown the pressure on Lake Nokoué which alone 

receives solid and liquid wastes from the surrounding 

populations and users of Dantokpa market, urban effluents from 

the city of Cotonou, Abomey-Calavi and Sô-Ava, agricultural 

effluents containing pesticides drained from the cotton-growing 

area of northern Benin by the Ouémé river or from agricultural 

areas surrounding the watercourse, industrial and hospital 

effluents from the city of Cotonou, fuel transit on this water 

course, etc
2,6-9

. All of these effluents release various types of 

pollutants into this ecosystem. The solid and liquid wastes of the 

surrounding populations and users of Dantokpa market contain 

nutrient salts including nitrogen, phosphate and trace minerals
9
. 

There are also dyes, lotions, solvents, shampoos and detergents, 

particularly alkyl phenol polyethoxylates (octylphenol and 

nonylphenol), plastics and industrial micropollutants such as 

polycyclic aromatic hydrocarbons (naphthalene, acenaphthene, 

fluoranthene, etc.) and dioxins and derived products
10,11 

. We 

mainly find toxic metals such as mercury, lead, arsenic, 

cadmium, zinc, copper, etc., whose effects are multiple and 

varied
7
. The urban effluents coming from the city of Cotonou, 

Abomey-Calavi and Sô-Ava are themselves made up of 

effluents from hairdressing, dyeing, laundries and mechanics 

workshops, effluents from market gardening sites, water from 

paved roads, animal and sometimes human wastes, etc. These 

http://www.isca.in/
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various effluents release not only the pollutants mentioned 

above but also the pesticides contained in market gardening 

effluents (organochlorines, organophosphates, pyrethrinoides, 

etc)
12-14

. Agricultural effluents drained from the cotton-growing 

area of northern Benin by the Ouémé river or from agricultural 

areas surrounding the river are also sources of organochlorine 

pesticides, organophosphates, etc
2
. Yehouénou A. Pazou

15
 has 

also revealed levels in the water of DDT metabolites in this 

Lake, namely DDE and DDD in Ganvié (11.5 and 23µg/kg), in 

Abomey- Calavi (7.5 and 15µg/kg), Ahouansori (74 and 56 

µg/kg) and Ladji (280 and 128µg/kg). These agricultural 

effluents also generate organic pollution which leads to an 

increase in ammonium, sulphates, phosphates with a continuous 

presence of nitrates and nitrites
11

. These types of environments 

are deficient in oxygen with very low primary production
16

. 

Industrial and hospital effluents from the city of Cotonou are 

also sources of toxic metals such as mercury from paper pulp 

bleaching activities, exhaust pipes and broken thermometers, 

cadmium from foundry and electroplating activities, lead and 

copper from used batteries, etc., and other chemical pollutants 

such as dioxins and alkylphenol polyethoxylates contained in 

biomedical wastes and in effluents from pulp and paper 

industries
17

. Fuel transportation and business on this Lake 

generate, among other things, petrogenic polycyclic aromatic 

hydrocarbons (PAHs), the most dangerous of which are 

benzo(a)pyrene, benzo(k)fluoranthene and benzo(ghi)perylene, 

organic lead known for its toxicity especially for fish, mercury, 

sulphur, radionuclides, etc
7,18,19

. Dovonou et al.
18

 also showed 

the bacteriological pollution of this biotope due, among other 

things, to the putrefaction of various organisms thrown into this 

ecosystem. Fish and other aquatic organisms are therefore 

bathed in this cocktail of pollutants. Several studies have 

already revealed the high level of pollution and the multiplicity 

of toxicants in this ecosystem. Unfortunately, few studies have 

addressed to our knowledge the impact of this mixture of 

pollutants on the hematological and biochemical parameters, the 

physiological functions of interest in maintaining species in the 

environment. The present study therefore aims to assess the 

physiological status of estuarine tilapia Sarotherodon 

melanotheron captured in this Lake. We have assessed the 

ecological quality of the Lake in which the fish bathe and 

determined the hematological and biochemical parameters of S. 

melanotheron, one of the species in this ecosystem that is highly 

consumed by the population. 

 

Materials and methods 

Study area and site selection: Lake Nokoué is an aquatic 

ecosystem in south-eastern Benin (6°25′N, 2°26′E), with an area 

of 150 km
2
 (Figure-1). It measures 20 km in the east-west 

direction and 11 km from north to south. This Lake is connected 

to the east with the lagoon of Porto-Novo with which it forms a 

freshwater Lake with an area of approximately 180km
2
. Lake 

Nokoué is also attached to the Atlantic Ocean by the Channel of 

Cotonou, named Cotonou Lagoon
2
, forming an expanse with a 

total length of 4.5km. To record the physicochemical parameters 

of the water, three sites (S1, S2 and S3) were chosen on this 

Lake. The first near the Dantokpa market (Cotonou), the second 

at the Abomey-Calavi pier and the third in Sô-Ava. Two 

reference sites (S4 and S5) were chosen on Lake Toho at Pahou 

(Ouidah) for data comparison. These sites are easily accessible 

at any season, but the study was carried out during the flood 

period in September-October 2021. Lake Toho is chosen as the 

reference watercourse in this study because it is located in the 

same geographical area as Lake Nokoué. Lake Toho is 

considered less polluted than Lake Nokoué. Located between 

the Agamé plateau and the northwest of the Bopa plateau, Lake 

Toho (6°37′09″N, 1°46′36″E) covers an area of 9.6 km² at low 

water and 15km² during flooding, and is in average 7x2.5km 

(length x width) in the south and around 500m (width) in the 

north. 

 

 
Figure-1: Card of Nokoué and Toho Lakes showing sampling sites. 
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Physicochemical parameters of water: The physicochemical 

variables of the water (dissolved oxygen, temperature, pH, 

transparency and electrical conductivity) were measured 

between 7-9 a.m. in situ on the different sites. Dissolved oxygen 

was measured using an oxythermometer (WTW oxi 197). The 

water temperature was measured at a depth of about 50 cm 

using the probe coupled to the same oxythermometer. The pH 

was measured using an ATC/HANNA/pHep3 pH meter with an 

accuracy of 0.1. Water transparency was measured using a 

Secchi disc fitted with a graduated string for measuring water 

depth. The electrical conductivity was recorded with a PCE-

SM11 conductivity-meter with ± 0.5% precision and 0.01% 

resolution. Water samples were then taken per site and kept in a 

cooler at 4ᵒC and taken to the Research Laboratory in 

Aquaculture and Aquatic Ecotoxicology in Parakou for dosage 

of nutrients as nitrites, nitrates, phosphate and ammonium. The 

analyzes were carried out using a Hach Lange DR 2800 

spectrophotometer. The measurement of the biological oxygen 

demand (BOD5) was made by the respirometric method OxiTop 

in a thermostatically controlled enclosure (or a BOD-meter) at 

20°C for five days. Total suspended solids (TSS) was measured 

by a Sension 5-HACH brand device. Each physicochemical 

parameter was measured 3 times at each site. 

 

The organic pollution index (OPI) was calculated in order to 

assess the degree of organic pollution of the Lake
21

. Indeed, the 

OPI indicates the degree of alteration of water by chemical 

variables revealing organic pollution of the environment. It is 

calculated from 4 parameters divided into 5 classes (Table-1). 

The value of the parameter obtained is compared with the values 

of the table to know the number of the class to which it belongs. 

The OPI for a sample is equal to the mean of the parameter 

classes. It is given by the following formula: 

 

OPI=(∑ 

 

with Ci: the class number of the parameter and n: the number of 

parameters analyzed. 

 

Fish and blood sampling: Immediately after collecting water 

samples, wild S. melanotheron fish (Figure-2) were caught by 

professional fisherman using gill nets. This specie was chosen 

for the following reasons: i. S. melanotheron is the second most 

abundant fish species (15%) after Ethmalosa fimbriata (40%) in 

Lake Nokoué
1
; ii. S. melanotheron is more abundant in the 

catches of local fishermen and in the surrounding markets, and 

therefore more consumed by the populations; iii. Possibility of 

having sufficient numbers of this species during the study 

period; iv) Omnivorous species with a herbivorous tendency, 

columnar species with some stays in the bottom at the level of 

the sediments and therefore likely to be contaminated by 

pollutants of various kinds. Thus, 120 sexually mature 

individuals of S. melanotheron including 60 (30 males and 30 

females) from Lake Nokoué and 60 (30 males and 30 females) 

from Lake Toho were carefully selected from fishermen's 

catches for the study. These fish were carefully transported to 

the Campus polyclinic laboratory (LAB/CPU) at Abomey-

Calavi where the various samples and analyzes took place. In 

the laboratory, blood samples were immediately taken using 1 

ml syringes through the tail veins and the blood samples taken 

were transferred into ETDA tubes and into previously labeled 

dry tubes for hematological and biochemical analyzes. 

 

Table-1: Limit of classes for the calculation of the Organic Pollution Index
21

. 

Classes 
NH

4+
 

(mg/l) 

NO
2-

 

(µg/l of N) 

PO4
3-

 

(µg/l) 

DBO5 

(mg/l) 
Class averages 

Organic pollution 

levels 

5 < 0.1 ≤ 5.0 ≤ 15.0 < 2.0 5.0-4.6 Null 

4 0.1- 0.9 6.0-10.0 16.0-75.0 2.0-5.0 4.5-4.0 Weak 

3 1.0- 2.4 11.0-50.0 76.0-250.0 5.1-10.0 3.9-3.0 Moderate 

2 2.5 - 6.0 51.0-150.0 251.0-900.0 10.1-15.0 2.9-2.0 Strong 

1 ˃ 6.0 ˃ 150.0 ˃ 900.0 ˃ 15.0 1.9-1.0 Very strong 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-2: Specimen of Sarotherodon melanotheron (Rüppell, 1852). 

K ≠ 0 C k,……..,C i)/n 
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Hematological parameters: The blood smear was taken from 

the blood samples of each fish kept in the ETDA tubes. This 

smear is made by spreading a single drop of blood in a thin 

layer on slide, then staining for 5 min in a May-Grunwald bath 

diluted at 50% and Giemsa diluted at 20% in buffered water for 

10 min. The various slides were observed under an OLYMPUS 

brand optical microscope (x 100 magnification) with a view to 

identifying and counting the hemoglobin content and the various 

leukocyte cells (neutrophils, eosinophils, basophils, 

lymphocytes, monocytes). The number of white blood cells was 

also counted using an electron microscope after diluting the 

blood sample with lazarus 1/50. 

 

Biochemical parameters: Fish blood samples collected in dry 

tubes were centrifuged using a POWER SUPPLY 220 V model 

80-2 brand electronic centrifuge to separate the serum from the 

pellet. For each biochemical parameter (glycemia, creatinine, 

transaminase) the serum was collected and mixed with its 

corresponding reagent. Each mixture thus produced was 

introduced into a peristactil pump spectrophotometer of the 

ERBA Manheim MODEL CHEM-7 brand. The results therefore 

appear on the screen of this device. 

 

Statistical data analysis: The results are expressed as mean ± 

standard deviations. R software was used for statistical analyses. 

The homocedasticity of the data was tested using Levène's test. 

Thus, when the normality and homogeneity of the data are 

verified, the analysis of variance with two classification factors 

(Lakes and sites) for the physicochemical parameters (ANOVA 

2) and with a single factor (Lakes) for the hematological and 

biochemical parameters (ANOVA 1) are performed. Duncan's 

multifactorial post-hoc test allowed us to make comparisons 

between the same sexes of fish from the two Lakes or between 

different sexes from the same Lake. For all tests, the 

significance threshold is set at 5%. 

 

Results and discussion 

Ecological quality of water: Based on Table-2, the water 

temperature recorded at a depth of about 50 cm between 7 and 9 

a.m. varies on the two Lakes from 27.8 to 32.0ᵒC. Dissolved 

oxygen is lower in Lake Nokoué (4.2 to 4.6 mg/l) than in Lake 

Toho (5.2 to 6.0 mg/l) even if the differences are not significant 

(p˃0.05). Transparency also seems lower in Lake Nokoué (0.1 

to 0.2 m) than in the reference Lake (0.71 to 0.8 m) although the 

differences are not significant (p˃0.05). The pH which is neutral 

in Lake Toho (7.0 to 7.1) appears slightly acidic in the 

contaminated Lake (5.8 to 6.0). All the other parameters 

recorded (conductivity, nitrites, nitrates, phosphates, 

ammonium, COD, BOD5 and TSS) are higher on Lake Nokoué 

than on Lake Toho (p<0.05). As for the OPI, it is low on the 

sites of Lake Nokoué (1.25 to 1.5) and higher on the sites of the 

reference Lake (3.75 to 4). Thus, the organic pollution of Lake 

Nokoué is remarkable and that of Lake Toho moderate. 

 

Table-2: Physicochemical characteristics and OPI recorded at each site of Lake Nokoué and Lake Toho (n = 3). For each parameter 

studied, sites not bearing identical letters are statistically different at the 5% level. 

 

Lake Nokoué Lake Toho 

Cotonou Abomey-Calavi Sô-Ava Pahou 1 Pahou 2 

S1 S2 S3 S4 S5 

Water temperature (ᵒC) 28.1±1.0 27.8±0.9 31.3±1.1 31.9±1.1 32.0±0.8 

Dissolved oxygen (mg/l) 4.3±0.5 4.6±0.6 4.2±0.3 6.0±0.4 5.2±0.2 

Transparency (m) 0.1±0.07 0.2±0.1 0.2±0.09 0.71±0.4 0.8±0.3 

pH 5.8±0.6 6.0±0.5 5.8±0.5 7.1±0.9 7.0±0.5 

Conductivity (µS/cm) 15.0±2.1a 12.6±1.9a 15.1±1.6a 9.8±2.7b 10.0±1.9b 

NO
2-

 (mg/l) 0.9±0.7a 0.8±0.8a 0.2±0.1b 0.03±0.01b 0.01±0.01b 

NO
3-

 (mg/l) 200.0±13.7a 160.0±16.8a 105.0±1.8a 20.1±3.5b 19.0±2.9b 

PO4
3-

 (mg/l) 0.6±0.2a 0.8±0.2a 0.8±0.1a 0.011±0.01b 0.012±0.01b 

NH4
+
 (mg/l) 30.0±5.1a 24.0±2.3a 5.2±1.0b 0.5±0.1b 0.4±0.1b 

Chemical oxygen demand (COD) (mg/l) 450.0±11.2a 255.0±8.9a 182.0±6.9a 50.0±2.9b 48.0±2.5b 

Biological oxygen demand (BOD5) (mg/l) 33.2±5.6a 30.4±5.3a 28.1±3.4a 5.1±1.1b 6.0±1.5b 

Total Suspended Solid (TSS) (mg/l) 76.0±5.4a 74.0±6.3a 74.0±7.2a 53.0±8.2b 44.0±7.1b 

OPI 
1.25 1.25 1.5 3.75 4.0 

1.33 ± 0.14 3.875 ± 0.18 
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Hematological parameters: The hemoglobin levels of 

individuals from Lake Nokoué are lower than those of the 

reference Lake (p<0.05) independently of the sex of the fish 

(Figure-3). 

 

The Total leukocyte count (TLC) of fish from Lake Nokoué are 

significantly higher than those from the reference Lake (p<0.05) 

independently of the sex of the fish (Figure-4). 

 

The reading of the different slides of the smear made it possible 

to establish the leukocyte formula of the fish. These are the 

means ± SD of the different proportions of leukocyte cells 

contained in the blood of the fish of different Lakes (Table-3). 

In both Lakes, the differential leukocyte count parameters of 

fish were the same and not related to the sex, with an upward 

trend in basophils in Nokoué fish. 

 

Biochemical parameters: Based on Figure-5, the glycemia 

level of S. melanotheron from Lake Nokoué is significantly 

higher (p<0.05) than that of S. melanotheron from Lake Toho 

regardless of sex. 

 

The level of creatinine (Figure-6) is statistically higher for fish 

from Lake Nokoué regardless of sex (p<0.05). 

 

The transaminase level (Figure-7) is significantly higher in fish 

from Lake Nokoué regardless of sex (p<0.05). 

 

 
Figure-3: The hemoglobin content of Sarotherodon melanotheron captured in Lake Nokoué and Lake Toho. Data were expressed 

as mean ± SD. For each sex, the same upper and lower case letters indicate a significant difference between Lake (p< 0.05). 

 

 
Figure-4: The Total leukocyte count of Sarotherodon melanotheron captured in Lake Nokoué and Lake Toho. Data were expressed 

as mean ± SD. For each sex, the same upper and lower case letters indicate a significant difference between Lake (p< 0.05). 
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Table-3: Alterations in differential leukocyte counts in Sarotherodon melanotheron captured in Lake Nokoué and in Lake Toho. 

Data were expressed as mean ± SD. 

Lake Sex Lymphocytes Neutrophils Basophils Eosinophils Monocytes 

Lake Nokoué 
M 0.77 ± 0.13 0.15 ± 3.47 0.20 ± 0.10 0.06± 0.02 0.12 ± 0.07 

F 0.83 ± 0.13 0.04 ± 0.07 0.17± 0.06 0.00± 0.00 0.04 ± 0.05 

Lake Toho 
M 0.84 ± 0.11 0.05 ± 2.14 0.16± 0.10 0.04± 0.00 0.08 ± 0.03 

F 0.83 ± 0.09 0.07 ± 0.03 0.13 ± 0.11 0.06± 0.04 0.08 ± 0.04 

P value Lake ˃ 0.05 ˃ 0.05 ˃ 0.05 ˃ 0.05 ˃ 0.05 

P value sex ˃ 0.05 ˃ 0.05 ˃ 0.05 ˃ 0.05 ˃ 0.05 

 

 
Figure-5: The glycemia level of Sarotherodon melanotheron captured in Lake Nokoué and Lake Toho. Data were expressed as 

mean ± SD. For each sex, the same upper and lower case letters indicate a significant difference between Lake (p< 0.05). 

 

 
Figure-6: The Creatininemia level of Sarotherodon melanotheron captured in Lake Nokoué and Lake Toho. Data were expressed 

as mean ± SD. For each sex, the same upper and lower case letters indicate a significant difference between Lake (p< 0.05). 
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Figure-7: The Transaminase level of Sarotherodon melanotheron captured in Lake Nokoué and Lake Toho. Data were expressed 

as mean ± SD. For each sex, the same upper and lower case letters indicate a significant difference between Lake (p< 0.05). 

 

Discussion 

Ecological quality of water: The ecological balance of Lakes 

depends on their physicochemical quality depending on a 

certain number of intrinsic and extrinsic factors
22

. Indeed, the 

water quality is a key element among many parameters whose 

variations are decisive for the distribution of living organisms. 

An essential parameter in the evaluation of water quality is the 

temperature. Water temperature is directly subject to climatic 

conditions or seasons and the influence of tides. In the present 

study, the temperatures recorded on Lake Nokoué vary from 

27.8 to 31.3ᵒC and those of the reference Lake from 31.9 to 32.0 

ᵒC. These values are within the temperature range found by 

Lalèye et al., Dovonou et al. and Capo-chichi et al.
1,18, 23

. 

Dissolved oxygen levels at Lake Nokoué sites are relatively low 

(4.2-4.6 mg/l) compared to Lake Toho sites (5.2-6.0 mg/l). In 

estuarine and lagoon environments, the decrease in oxygen can 

come from the consumption by benthic organisms, the 

decomposition of organic matter and the presence in suspension 

of oxygen-consuming elements as well as the arrival of waters 

poor in oxygen
24

. These conditions contribute, more or less, to 

the oxygen deficits of Lake Nokoué. Similar results were also 

found by Zinsou et al. and by Capo-chichi et al.
23,25

. The pH 

values at the Lake Nokoué sites ranged from 5.8 to 6, relatively 

low values compared to the Lake Toho sites (7.0-7.1). These 

values recorded on Lake Nokoué are not consistent with those 

found by Dovonou et al. and Capo-chichi et al. 
18, 23

on the same 

Lake. These acid pH values obtained in our study for Lake 

Nokoué can be linked to the choice of sites that are close to 

dwellings and uncontrolled dumping grounds for household 

waste and other waste. Transparency on Lake Nokoué is low 

(0.1-0.2 m) compared to Lake Toho (0.71-0.8 m). These lower 

values of transparency on Lake Nokoué are probably related to 

the period of measurement (flood) of this variable. Indeed, 

during the flood, Lake Nokoué receives plenty of charged 

water
26

. These low levels of water transparency in the Nokoué 

also justify the high levels of suspended solids recorded on sites 

S1, S2 and S3. The electrical conductivity of water is a measure 

of its ability to conduct electric current. The values recorded on 

the two Lakes in this flood period are less than 100 μs/cm and 

show a very low mineralization of the waters of these Lakes
18

. 

The high values of conductivity recorded in the Nokoué, reflect 

a much mineralized water and too loaded with dissolved 

matter
27

. For all the other parameters (nitrates, nitrites, 

phosphates, ammonium, COD, BOD5 and TSS), the values 

measured on the Nokoué are relatively higher than those of the 

reference Lake sites. The high presence of nitrates in water 

bodies is due either to the leaching of agricultural land or to the 

oxidative reactions of ammoniacal nitrogen and nitrites
25,28

. The 

most serious and oldest known effect of nitrates is 

methemoglobinemia
18

. Nitrites come from the decrease of 

nitrates under bacteria influence. The values obtained on Lake 

Nokoué are above the admissible limit of 0.06 mg/l 

corresponding to the lower threshold of the acute toxicity range 
29

. The same trends had also been observed by Dovonou et al. 

and Capo-chichi et al.
18,23

 for the same ecosystem. The 

concentrations of phosphorus in Nokoué are above the 

admissible limit of 0.5 mg/l and can be considered as an 

indicator of pollution
30

. Domestic effluents from the cities of 

Cotonou and Abomey-Calavi which are drained in the Lake, 

contain detergents which are according to Jen
31

 sources of 

phosphorus. This observation was made by Dovonou et al. 

Zinsou et al. and Capo-chichi et al.
18,23,25

 for the same stream. 

Phosphorus levels found in Lake Nokoué are below the 

European toxicity standard set at 6.1 mg/l. High concentrations 

of phosphates are not toxic. However, in the pond one should 

not exceed 0.5 mg/l before avoiding the proliferation of algae. 

In the present study, Lake Nokoué has a higher ammonium level 

than the reference. The distribution of ammonium in an aquatic 

environment varies according to the level of productivity of the 
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ecosystem and its degree of pollution by the presence of organic 

matter. Its presence would result from the aerobic degradation 

of organic nitrogen (proteins, amino acids, urea, etc.), which 

comes largely from discharges of untreated water. Indeed, NH4
+
 

in itself is not harmful but can be transformed under certain 

conditions into ammonia (NH3), a gas soluble in water and toxic 

for aquatic life
32

. Biological oxygen demand (BOD5) is a 

measure of water pollution by organic matter. This is the 

quantity of oxygen necessary for living microorganisms to 

ensure the oxidation and degradation of organic matter present 

in wastewater in 5 days at 20°C and protected from light. The 

high BOD5 values of Lake Nokoué compared to Lake Toho 

therefore show the high organic pollution of Lake Nokoué.The 

main sources of organic pollution of the LakeNokoué are on one 

hand, the deposit of branches in the Lake (acadja) andon the 

other hand, the wild rubbish dumps located along the shore of 

Lake Nokoué in Cotonou
18

. The BOD5 of Lake Nokoué water is 

between 28.1 to 33.2 mg/l. These results are slightly higher than 

those found by Dovonou et al. Mama et al. and Capo-chichi et 

al.
18,23,33

. This high level of BOD5 in this study is surely linked 

to the choice of sites that are close to household waste dumps. 

These high values of BOD5 are also explained by the 

decomposition of macrophytes in the Lake under the effect of 

high water temperature and by the absence of dilution by fresh 

water (Oueme River or rainwater). The decomposition of all 

these plants and garbage causes a significant consumption of 

dissolved oxygen, and will be accompanied by deoxygenation 

of the environment, in particular at the water/sediment interface. 

The high amounts of organic matter highlighted by the low 

values of the OPI (1.25-1.5) reflect a very high organic pollution 

of Lake Nokoué. These results corroborate those of Zinsou et al. 

and Capo-Chichi et al.
23,25

. These low values of this OPI are 

explained by the very high ammonium and phosphate contents
34, 

35
. It is urgent that the planners take measures to improve the 

quality of this ecosystem for the good health of the fish and the 

consumers of these fish. 

 

Hematological parameters of S. melanotheron: Hemoglobin 

is a blood pigment that is involved in respiration. In fish, it 

transport oxygen from gills to the tissues and thus contributes in 

cellular respiration. Hemoglobin content furnishes an indirect 

valuation of the number of red blood cells in the blood
36

. In the 

present study, the hemoglobin level is low in fish from Lake 

Nokoué regardless of sex compared to fish from the reference 

Lake. Reduce in Hb content in fish could be due to either its 

destruction or decreased synthesis
37

. This decline in hemoglobin 

density in fish from Lake Nokoué can be linked to this organic 

pollution noted in this ecosystem. In fact, nitrites act directly on 

hemoglobin by oxidizing the ferrous ion, forming 

methemoglobin which is incapable of transporting respiratory 

gases
18

. Other studies had also reported the pollution of Lake 

Nokoué by pesticides drained from the cotton-growing area of 

northern Benin by the Ouémé River or from agricultural 

effluents from Nokoué surroundings
2,38,39

. These are 

organochlorine pesticides, organophosphates, pyrethroids, etc. 

In fact, organophosphate pesticides would engender anemia due 

to significant reduce in Hb level has been reported in 

Barbonymus gonionotus exposed to quinolphos, Cyprinus 

carpio exposed to monocrotophos, Ctenopharyngodon idella 

exposed to dichlorvos, and in Oreochromis mossambicus 

exposed to chlorpyrifos
37,40-42

. Such anemic conditions have 

alsoin fish exposedto herbicide clomazone and fungicide 

difenoconazole
43,44

. Similar trend of decrease in Hb level was 

reported in several fish species exposed to pyrethroid pesticides 

cypermethrin, permethrin and deltamethrin
45-48

. A significant 

decrease in Hb level after exposure to pesticides and other 

toxicants were reported by several investigators
49-51

. The 

reduction in hemoglobin density found in fish from Lake 

Nokoué in our study may also be related to toxic metals such as 

mercury, cadmium, zinc and lead, found in this watercourse and 

shown by several studies
7,52

. In fact, for example in the blood, 

cadmium binds to the membrane of erythrocytes, thus causing 

anemia in animals according to the study by Anju
53

. At doses of 

10mg/kg and 20mg/kg, a decrease in hemoglobin and red blood 

cells were observed
54,55. 

Cadmium-induced anemia has several 

causes, namely that cadmium would have caused iron 

deficiency due to gastric absorption, hemolytic anemia due to 

sequestration of red blood cells in the spleen and kidney damage 

thus preventing the production of erythropoietin. Indeed, by 

accumulating in the spleen, liver and kidneys, metals inhibit 

erythropoietic activity by damaging the synthesis of 

erythropoietin which is a hormone secreted by the kidneys 

whose role is to stimulate red blood cells
56

. Cadmium therefore 

disrupts the hematopoietic system
57

. Thus, for Hounkpatin et 

al.
58

, cadmium causes blood disorders. In their study on the 

combined effect of cadmium and mercury toxicity, they found a 

decrease in hemoglobin symbolizing hypochromic and 

macrocytic anemia. Several other pollutants have been revealed 

in Lake Nokoué such as polycyclic aromatic hydrocarbons and 

others which can also induce a drop in the level of hemoglobin 

in S. melanotheron from Nokoué
11

. This drop in hemoglobin 

density may also be due to the combined effect of all the 

pollutants present in this watercourse. 

 

Total white blood cell count is the measurement of total number 

of white blood cells or leukocytes in the blood. TLC is modified 

due to the effect of toxics
36

. In the present study, the TLC in fish 

from Lake Nokoué is higher than those from Lake Toho. 

Pathophysiological condition of increased TLC is leukocytosis. 

Increased leukocyte count could be a compensation and 

defensive response versus the toxic effect of pesticides on fish
37

. 

Several studieson TLC reveal a significant increase in its value 

in Channa punctatus under the influence of deltamethrin
45

, in C. 

carpio exposed to fenthion
59

, in C. carpio due to 

monocrotophos
40

, in C. punctatus exposed to endosulfan and 

dimethoate
60

, in Heteropneustes fossilis due to chlorpyrifos
61

, 

and in C. idella exposed to dichlorvos and its technical grade
41

. 

The increase in the white blood cell count may also be due to 

the heavy metal contamination of Lake Nokoué, such as 

cadmium, which induced a similar result in Wistar rats
62

. The 

increase in these blood cells reflects a general inflammatory 

state due to damage caused by cadmium toxicity
57,63

. This could 
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be explained by the stimulation of the immune system leading to 

these increases
63

. This considerable increase characterizes 

leukemia according to a study carried out on rats contaminated 

by ingestion with cadmium chloride
64

. These results corroborate 

those of Jelena et al.
65 

who observed a significant increase in 

peripheral blood leukocytes compared to the control in rats 

treated by intraperitoneal injection at 1mg/kg for 48 hours with 

cadmium. Also, Gabol et al. and Borane
66,67

 found an increase 

in white blood cells and a decrease in red blood cells after 

administration of cadmium at respective doses of 20µg/kg to 

domestic chickens and 1.248 ppm to fish. Also in amphibians 

depending on the exposure doses (0.25; 0.50; 1.00 and 2.00 

mg/l), Alex and Lawrence
63

 observed an increase in leukocytes. 

Other pollutants including bacteria revealed in the water of this 

stream
18

 can also promote the elevation of the white blood cell 

count. But the differential leukocyte count (neutrophils, 

basophils, eosinophils, lymphocytes and monocytes) did not 

vary significantly from one Lake to another and from one sex to 

another. 

 

Biochemical parameters of S. melanotheron: Glycemia is the 

level of glucose in the blood, or more precisely in the blood 

plasma. Among the biochemical parameters, plasma glucose has 

been extensively used as a sensitive indicator of environmental 

stress in fish, because carbohydrates are the primary and 

immediate source of energy
68

. The blood glucose level of 

exposed fish was significantly elevated, which may be due to 

mobilization of glycogen into glucose
68

. It is well established 

that fish secrete large amounts of glucocorticoids and 

catecholamines from adrenal tissue under stress. These 

hormones are well known to cause hyperglycemia in animals. 

The hyperglycemic state recorded in fish exposed to pollutants 

can be attributed to increased secretion of the above mentioned 

hormones which induce glycolysis in the liver and muscles of 

fish exposed to pollutants
68

. Similar results were given by 

various other authors suggesting that glucose concentration 

increases as a general response of fish to acute pollutant effects, 

including organophosphate pesticides
69,70

. As observed in fish 

from Lake Nokoué, glucose level was increased in Clarias 

gariepinus exposed to diazinon
71

, in Cirrhinus mrigala 

(Hamilton) exposed to chlorpyrifos
72

, in C. carpio after sub-

chronic exposure to copper
73

, and in O. niloticus contamined to 

copper, zinc, lead and cadmium
74

. The effects on the use of 

glucose in fish from Lake Nokoué can be induced by other 

pollutants present in this Lake or by the cocktail of pollutants in 

this ecosystem. 

 

Creatinine is exclusively released through the kidneys, which is 

a very good marker of kidney function. The high creatinine 

level in S. melanotheron from Lake Nokoué compared to the 

reference Lake, indicates a very poor functioning of the kidneys 

of these contaminated fish. Similarly, Clarias batrachus 

exhibited elevated creatinine levels when exposed to 2.5 ppm 

cadmium. This elevated creatinine levels may indicate that 

cadmium is a nephrotoxic metal to fishes which cause kidney 

dysfunction
75

. Ahmad and Gautam
76 

treated water catfish (H. 

fossilis) with sublethal doses of nuvan and a significant increase 

was noticed for creatinine. These findings were also supported 

by Soufy et al.
77 

who worked on monosex tilapia by treating it 

with carbofuran. Reduction of serum creatinine was observed in 

C. gariepinus after paraquat dichloride toxicity
78

. Several 

pesticides also improved the plasma creatinine level such as 

malathion in O. nilotius
79

, di-N-butyl phthalate in tilapia
80

, 

malathion in C. punctatus
81

, titanium dioxide nanoparticles and 

paraquat in C. carpio
82

. 

 

Transaminase or aminotransferase is an enzyme which catalyzes 

a type of reaction between an amino acid and an α-keto acid. 

Pyridoxal phosphate enzyme of the transferase class, it transfers 

a -NH2 group from an amino acid to another, allowing the 

synthesis of new amino acids, not present in the environment. 

There are two kinds of transaminase: Alanine-aminotransferase 

(ALT) and Aspartate-aminotransferase (AST). AST and ALT 

enzymes are used to assess the hepatotoxic effects of pollutants, 

and are therefore considered important diagnostic tools
83

. The 

results of the present investigation show that the exposure of 

pollutants to S. melanotheron significantly increase the activity 

of these enzymes. The activity of the enzymes AST and ALT 

was increased in the fish due to exposure tometals
84

. In the 

similar manner, Jeney et al.
85

 has registered an increased 

concentration of enzymes (AST, ALT) in the serum of fish 

when treated with ammonia. According to them ALT is very 

sensitive to the changes in the environment conditions. 

Significantly higher values of AST and ALT activities were 

presented by Mekkawy et al.
86

 in the fish blood treated with 

cadmium. Increased activity of AST and ALT in fish, C. 

punctatus, after the treatment of mercuric chloride
87

 and 

monocrotophos
88

 were also observed. Liver is rich in AST and 

ALT as suggested by Vaglio and Landriscina
89

 and Palanivelu 

et al.
90

 and any damage to liver could lead to increase levels of 

these enzymes into the blood. Changes in the activity of these 

enzymes in fish due to exposure to pollutants could be a 

sensitive indicator of cellular damage
90

. The high activity values 

of these enzymes found in the fish of Lake Nokoué may be 

attributed to damage caused to liver by the pollutants. 

 

Conclusion 

The results of this investigation indicate that Lake Nokoué is 

heavily polluted and these pollutants are toxic for S. 

melanotheron in which the hematological and biochemical 

profiles are altered. Exposure of this species to these toxics 

lowered hemoglobin levels and significantly increased TLC and 

transaminase activity. The blood glucose level was also high. 

This shows how toxic these pollutants are, therefore, more 

attention must be paid to the pollution of this Lake to curb the 

erosion of biodiversity and especially to preserve the health of 

the populations consuming these fish. 
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