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Abstract: Fish farming is widely practiced around the world. Fish is an important source of protein and contributes to the 
supply of highly nutritious animal protein in Côte d'Ivoire. Pollution of fish farms by toxic metals can lead to contamination of 
farmed fish. This study evaluates the content of trace metallic elements (TME), which are arsenic (As) and cadmium (Cd) in 
the water and sediments of a pond farm located in Abengourou in the east of Côte d'Ivoire. Water and sediment samples were 
collected from a dam and three ponds on the farm in September and October 2020. These samples were analyzed using an 
atomic absorption spectrophotometer. All data was processed using STATISTICA 7.1 and was used to calculate Metal 
Pollution Index (MPI), Ratio Sediment/Water (RS/W), Contamination Factor (CF), the pollution load index (PLI), the individual 
potential risk index (Er) and the ecological risk index (PERI) in order to assess the level of metal contamination of the fish 
farm. The mean concentrations of metallic trace elements are higher in the sediments (As: 0.2045±0.218496 - 0.3950±0.1103 
mg/kg; Cd: 0.0565±0.0148 - 0.0880±0.0212 mg/kg) than in water (As: (0.1837±0.0148) × 10-2 - (0.2296±0.0300) × 10-2 mg/L; 
Cd: (0,1150±0.0129) × 10-2 - (0.1250±0.0076) × 10-2 mg/L). Sediments also have the highest overall metal contents. However, 
MPI<1 in both sediment and water. The CF (As=0.102±0.109 - 0.198±0.055; Cd=0.565±0.148 - 0.880±0.212) showed that the 
sediments were not contaminated. The PLI (0.253±0.062 - 0.335±0.090) indicated that the sediments on the fish farm were not 
polluted. In addition, Er (As: 1.02±1.09 - 1.98±0.55; Cd: 16.95±4.44 - 26.40±6.36) and PERI (18.93±4.99 - 27.59±7.57) 
showed that the sediments do not pose an ecological risk to farmed fish. However, RS/W>1 showed strong mobility of TMEs 
from water to farm sediments. The concentrations of trace metal elements assayed in the samples were below the 
recommended standard for freshwater aquaculture. The CF, PLI, Er and PERI indices indicate a low degree of contamination, 
pollution and a low ecological risk. However, RS/W indicate high mobility of TME from water to sediment. 
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1. Introduction 

Aquaculture contributes to increase food availability and 
provide highly nutritious animal protein. Fish farms therefore 
constitute an alternative source to fish production for the 
satisfaction of increasingly growing human needs [1]. 

However, these fish farms are subject to environmental 
pollution. Pollutants such as trace metallic elements (TME) 
are found in the aquatic environment by human action, 
atmospheric transport and erosion due to rain [2]. Certain 
metallic trace elements including lead, cadmium, mercury 
and arsenic are major pollutants because of their toxicity. In 
addition, they are persistent and tend to bioaccumulate in the 
food chain posing a risk to humans and ecosystems [3]. 

Several studies have highlighted the metallic 
contamination of the water and sediments of fish farms [4-
10]. This metal pollution is responsible for fish mortality 
causing to lower productivity and sometimes the 
abandonment of aquaculture farms [11]. 

Metallic trace elements, once in the aquatic ecosystem, can 
remain in dissolved form or be removed from the water 
column by sedimentation [12]. In these aquaculture systems 
such as fish ponds, sediments play a role as an indicator of 
contamination because of their capacity to bind pollutants, in 
particular trace metal elements [13]. They then constitute a 
reservoir and then a potential source of contaminants for 
water and farmed fish [9]. Sediments can also behave as 

endogenous sources of contamination by resuspension or by 
changes in the speciation of metallic trace elements, which 
will affect their bioavailability [14]. 

Studies carried out in Ivorian fish farms have revealed the 
presence of trace metal elements in the sediments [7, 9, 10]. 
But, these metal contents in the sediments do not give 
sufficient information on the level of contamination of the 
sediments, so we need to assess their level of contamination 
by applying contamination indices. 

The present study proposes to use contamination indices to 
assess the level of pollution of a fish farm in ponds. 

2. Materials and Methods 

2.1. Study Zone 

The fish farm is located in the department of Abengourou 
in the east of the Côte d’Ivoire between longitude 3°62'53'' W 
and latitude 6°71'66'' N (Figure 1). It is a continental farm 
where the fish tilapia Oreochromis niloticus and catfish 
Clarias gariepinus are reared in ponds. The farm has five 
ponds with areas between 400 and 500 m2, which are 
supplied by a 12,000 m2 dam. They have an open pipe 
system completed by polyvinyl chloride pipes, which provide 
water to the various livestock structures. The dam is fed by a 
tributary of the Comoé River. Rubber plantations and food 
crops border the farm. 

 

Figure 1. Fish farm in Dramanekro (Abengourou); a: Location map; b: Farm ponds; c: Farm dam [14]. 
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2.2. Sampling and Preservation of Samples 

The analysis protocol used in this work is based on the NF 
T90-101 standard of AFNOR [15] and EPA [16]. 

The water was collected using polyethylene jars with a 
capacity of 300 mL. Each jar is rinsed three times with water 
from the fish farm before being introduced to the desired 
depth. Once filled, the jar is removed from the water and 
immediately closed. For the analyzes to be carried out in the 
laboratory, the water is stored at a temperature of 4°C in a 
cooler containing cooling packs. 

The sediments were sampled using a Van Veen type 
stainless steel bucket with a surface area of 250 cm2 and a 
mass of 12 kg. The sediment samples were then packaged in 
new plastic packaging and then placed in a cooler (4°C) 
before being transported to the laboratory. In the laboratory, 
the sediments are dried in an oven at 50°C for 24 hours. After 
drying, the samples are pre-sieved through a 1 mm mesh 
sieve to remove rock debris, branches, leaves and organic 
debris before being sieved again to obtain a fraction<63 µm. 
In order to obtain a constant mass, the fraction (<63 µm) is 
retained and newly dried in an oven at 60°C for one hour. 
The samples are subsequently stored in polyethylene pill 
containers and are packaged in polyethylene bags. The whole 
is placed in a freezer (-20°C) [17]. 

2.3. Measurement of the Physico-chemical Parameters of 

Water 

The physicochemical parameters of the water namely 
temperature, pH, dissolved oxygen, conductivity, total 
dissolved solids and transparency were measured in situ. 
Transparency was determined by using the Secchi disk. 
The other parameters were measured by using a portable 
multi-parameter of the HANNA HI 9829 type. The 
suspended matters (SM) were determined in the laboratory 
according to the method described by Aminot and 
Chaussepied [18]. 

2.4. Determination of the Content of Metallic Trace 

Elements 

The determination of traces of metals in water and 
sediments was carried out using a Shimadzu Atomic 
Absorption spectrophotometer (Shimadzu AA 660). The 
determination of cadmium (Cd) was carried out by Atomic 
Absorption Spectrometry with a graphite furnace. The 
arsenic (As) assay was performed by flame spectrometry. Cd 
and As assays were respectively performed at wavelengths 
228.8 nm and 193.7 nm according to the EPA method [16] in 
water and sediment samples. 

2.5. Statistical Analyzes 

One-way analysis of variance (ANOVA) was used to test 
for significant differences between the means by comparing 
the variances. Therefore, the difference between the supply 
dam and the ponds; between sediment and water and between 

arsenic and cadmium was determined. Whenever the test 
result was significant, ANOVA's Tukey test was performed 
at P < 0.05 to identify groups that were particularly different 
from each other. All treatments were performed using 
STATISTICA 7.1 software. 

2.6. Evaluation of the Level of Metal Contamination 

2.6.1. Metal Pollution Index 

The Metal Pollution Index (MPI) allows the comparison of 
the total content of metallic trace elements among study sites. 
To compare the total metal content in water and sediment on 
the farm, the MPI was calculated with the following equation 
[19]: 

��� = (�� 	× 	�
 	× …	×	��)
�
��   

In which C is the concentration of metal in the sample and 
n is the total number of trace metal elements measured in the 
sample. 

2.6.2. Ratio Sediment/Water 

The Ratio Sediment/Water (RS/W) is the ratio of the 
concentration of metal in sediment to the concentration of the 
same metal in water. If the ratio is superior to 1, so the 
concentration of the metal in the sediment is greater than the 
concentration of the metal in the water. The Ratio 
Sediment/Water shows how many times the concentrations 
of trace metal elements in water are multiplied to obtain 
those in sediment. Its expression is given by the following 
mathematical formula: 

��/� =
��
��

  

With: RS/W: Ratio Sediment/Water; CS: concentration of 
metal in the sediment; CW: concentration of metal in water. 

2.6.3. Contamination Factor (CF) 

The contamination factor helps to highlight 
contamination or an absence of contamination of the 
sediments by metallic trace elements and gives the level of 
contamination [20]. The CF is defined by the ratio of the 
concentration of a given metallic element to the 
geochemical background of this same metallic element 
taken as a normalizing factor. The reference values used in 
this study are the crustal concentrations (Upper Continental 
Crust) of the different metals studied: Cd = 0.10 mg/kg and 
As = 2.00 mg/kg [21]. This contamination factor is 
calculated by the following formula [22]: 

�� =
��
��

  

With: Cs: content measured for a metallic element in 
sediment; Bg: geochemical background for a metallic 
element. 

The four (4) contamination classes for CF are reported in 
Table 1. 
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Table 1. Contamination factor classes [22, 23]. 

Class Value Contamination 

1 CF < 1 Low degree 

2 1 ≤ CF < 3 Medium degree 

3 3 ≤ CF < 6 Considerable degree 

4 CF ≥ 6 Very high degree 

2.6.4. Pollution Load Index (PLI) 

The pollution load index indicates the number of times the 
metal content in the sediment exceeds the background 
concentration. It provides comprehensive information on the 
toxicity of trace metal elements in a sample [24]. The PLI is 
evaluated using the following mathematical relation [25]: 

��� = (��� 	× 	��
 	× …	×	���)
�
��   

With CF the contamination factor and n the number of 
metallic trace elements measured in the sample. 

According to Barakat et al. [26]., the values of PLI < 1 
indicate an absence of pollution while the values of PLI > 1 
show pollution of the sediments. 

2.6.5. Individual Potential Risk Index 

The individual potential risk index is defined as the 
coefficient of potential ecological risk of a single metal [27]. 
It is the product of the contamination factor (CF) of the metal 
by its toxicity coefficient (Tr) [22]: 

�� = ��	 ×	��   

With: CF: Metal contamination factor; Tr: Toxicity 
coefficient of the metal. 

The toxicity coefficient assigned to the trace elements Cd 
and As used in the calculation of the individual risk index is 
respectively 30 and 10 [28]. For the classification of 
individual risks of metallic trace elements in sediments, five 
(5) classes have been defined (Table 2). 

Table 2. Classes of the individual risk index (Er) [24]. 

Class Value Ecological risk 

1 Er ≤ 40 Low ecological risk 
2 40 < Er ≤ 80 Moderate ecological risk 
3 80 < Er ≤ 160 Considerable ecological risk 
4 160 < Er ≤ 320 High ecological risk 
5 Er > 320 Very high ecological risk 

2.6.6. Ecological Risk Index 

The Potential Ecological Risk Index (PERI) takes into 
account several environmental effects, such as toxicology, 
environmental chemistry and ecology [29]. It also helps to 
assess the ecological risks caused by metallic trace elements 
in sediments [29, 30]. The PERI takes into account the 
content of the metal, the type of metal, the toxicity of the 
metal and the sensitivity of the water to contamination by 
metallic trace elements in the sediments [27]. It is obtained 
using the following formula [22]: 

���� = ∑��  

With: Er: individual risk of the metal. 
The classification of the potential ecological risk index is 

given in Table 3. 

Table 3. Potential Ecological Risk Index (PERI) classes [24]. 

Class Value Potential Ecological Risk 

1 PERI ≤ 150 Low ecological risk 

2 150 < PERI ≤ 300 Moderate ecological risk 

3 300 < PERI ≤ 600 Considerable ecological risk 

4 PERI > 600 Very high ecological risk 

3. Results and Discussion 

3.1. Results 

3.1.1. Physico-chemical Parameters of Fish Farm Water 

The average values of the physico-chemical parameters of 
the water in the ponds and the dam of the fish farm are 
presented in Table 4. The average temperature is high in all 
the farming structures. It varies from 28.89±0.86 to 
30.10±0.14°C. The highest temperature is recorded in Pond 3 
and the lowest in the dam. Average pH values fluctuate 
between 6.94±0.54 and 8.11±0.09 during this study. These 
pH values show that the waters of the dam (7.60±0.66) and 
of pond 3 (8.11±0.09) have a basic character while those of 
pond 1 (6.94±0.54) and pond 2 (6.97±1.08) have an acidic 
one. The waters of all breeding structures are oxygenated 
throughout the sampling period. Nevertheless, low values 
(5.98±0.26 - 6.02±0.24 mg/L) were noted in the three ponds 
compared to the dam (6.35±0.80 mg/L). However, no 
significant difference (P>0.05) was observed among rearing 
structures for temperature, pH and dissolved oxygen. The 
average conductivity ranges from 37.50±7.77 to 92.50±12.02 
µS/cm. Its minimum value (37.50±7.77 µS/cm) is noted at 
pond 2 while pond 3 records the maximum value 
(92.50±12.02 µS/cm). The level of dissolved solids changes 
in all structures in the same way as the conductivity. The 
concentrations are low in pond 2 (23.00±2.82 mg/L) and 
pond 1 (29.50±3.53 mg/L) but high in the dam (35.00±5.65 
mg/L) and pond 3 (40.50±2.12 mg/L). Statistical analysis 
(ANOVA) shows that there is a significant difference 
(p<0.05) among structures for conductivity and TDS. The 
average transparency is low in ponds (25.47±0.67 - 
28.18±0.25 cm) but high in the dam (43.30±0.42 cm). 
Contrary to transparency, the rate of suspended matters is 
higher in the water of the ponds (135.39±5.89 - 148.80±1.10 
mg/L) than in those of the dam (103.07±1.95 mg/L). The 
transparency is high in the waters of pond 2 compared to 
those of ponds 1 and 3. On the other hand, the waters of 
ponds 1 and 3 contain more suspended matter. One-way 
statistical analysis (ANOVA) shows that there is a significant 
difference (p<0.05) between the dam and all three ponds for 
transparency and suspended solids values. For these two 
parameters, there is also a significant difference between 
pond 2 and the other two ponds (1 and 3). 
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Table 4. Average values of the physico-chemical parameters of the water in the ponds and the dam of the fish farm from September to October 2020. 

Parameters 
Structures 

Pond 1 Pond 2 Pond 3 
Dam 

Temperature (°C) 28.89±0.86 29.80±1.51 29.70±0.78 30.10±0.14 

pH 7.60±0.66 6.94±0.54 6.97±1.08 8.11±0.09 

O2 (mg/L) 6.35±0.80 6.02±0.24 5.89±0.86 5.98±0.26 

Conductivity (µS/cm) 66.00±5.65b 59.50±4.94a 37.50±7.77a 92.50±12.02c 

TDS (mg/L) 35.00±5.65b 29.50±3.53a 23.00±2.82a 40.50±2.12b 

Trans (cm) 43.30±0.42b 25.47±0.67a 28.18±0.25c 26.27±0.38a 

SM (mg/L) 103.07±1.95a 147.79±0.14c 135.39±5.89b 148.80±1.10c 

The values of the same line bearing the letters a, b, c in superscript show a significant difference between the breeding structures (p<0.05). 

3.1.2. Average Concentrations of Metallic Trace Elements 

and the Ratio S/W 

The average concentrations of cadmium (Cd) and arsenic 
(As) in water (mg/L) and in sediment (mg/kg) as well as the 
ratio sediment/water (L/kg) are shown in Table 5. The values 
of the metallic trace elements in the different structures of the 
farm show a significant difference (p<0.05) between water 
and sediment for all the studied metals. Average Cd 
concentrations vary between (0.1150±0.0129) × 10-2 mg/L 
and (0.1250±0.0076) × 10-2 mg/L in water and between 
0.0565±0.0148mg/kg and 0.0880±0.0212mg/kg in sediment. 

The highest values for this metal in water are recorded in 
pond 3 and in sediments in pond 1. The Ratio S/W is higher 
in Pond 1 (70.63) and Pond 2 (63.91) than in Dam (47.84) 
and Pond 3 (50.00). The mean concentrations of As vary 
from (0.1837±0.0148) × 10-2 mg/L to (0.2296±0.0300) × 10-2 
mg/L in water and from 0, 2045±0.218496 mg/kg to 
0.3950±0.1103 mg/kg in sediment. The highest values for 
this metal are recorded in the water of the dam in the 
sediment of pond 1. The Ratio S/W is higher in Dam (172.04) 
than in Pond 1 (111.29), Pond 2 (118.91) and Pond 3 
(111.32). 

Table 5. Average concentrations of metallic trace elements in water (× 10-2 mg/L) and sediments (mg/kg) and ratios sediment/water (RS/W, in L/kg). 

TME Matrices 
Livestock structures 

Pond 1 Pond 2 Pond 3 
Dam 

Cd Water 0.1181±0.0042a 0.1246±0.0071a 0.1150±0.0129a 0.1250±0.0076a 

 Sediments 0.0565±0.0148b 0.0880±0.0212b 0.0735±0.0050b 0.0625±0.0035b 

 RS/W 47.84 70.63 63.91 50.00 

As Water 0.2296±0.0300a 0.2143±0.0477a 0.1909±0.0063a 0.1837±0.0148a 

 Sediments 0.3950±0.1103b 0.2385±0.2411b 0.2270±0.0750b 0.2045±0.2185b 

 RS/W 172.04 111.29 118.91 111.32 

Values in the same column with letters a, b in superscript show a significant difference between matrices (p < 0.05) for a given metal. 

3.1.3. Metal Pollution Index (MPI) 

The overall content of trace metal elements in water and 
sediment was calculated using the Metal Pollution Index. The 
results are given in Table 6. The mean values of the metal 
pollution index oscillate between (0.1482±0.0090) × 10-2 
and (0.1647±0.1122) × 10-2 for water while they vary from 
0.1131±0.0277 to 0.1494±0.0404 for sediments. The 

obtained values indicate a higher overall contamination in 
sediments than in water (MPI Sediments >MPI Water). The 
average MPI values in the different breeding structures are in 
the following decreasing order: Dam > Pond 1 > Pond 3 > 
Pond 2 and Dam > Pond 1 > Pond 2 > Pond 3 respectively 
for water and sediment. 

Table 6. Average values of MPI in water and sediment on the farm. 

 Matrices 
Livestock structures 

Dam Pond 1 Pond 2 Pond 3 

MPI 
Water (× 10-2) 0,1647±0,1122 0,1634±0,0184 0,1482±0,0090 0,1515±0,1061 

Sediments 0,1494±0,0404 0,1449±0,0715 0,1292±0,0194 0,1131±0,0277 

 

3.1.4. Assessment of Contamination and Pollution in 

Sediments 

The Contamination Factor (CF) and the Pollution Load 
Index (PLI) of Cadmium and Arsenic in the sediments of the 
ponds and dam of the fish farm are presented in Table 7. The 
contamination factor shows values less than 1 for all 

structures. The CF values vary from 0.565±0.148 to 
0.880±0.212 for Cd and from 0.102±0.109 to 0.198±0.055 
for As. The highest contamination factor is recorded in the 
dam (CF = 0.198±0.055) for as and for Cd in pond 1 (CF = 
0.880±0.212). The pollution load index has values between 
0.253±0.062 in Pond 3 and 0.335±0.090 in the dam. 
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Table 7. Average values of CF and PLI in farm sediments. 

 
Contamination factor (CF) 

Pollution load index (PLI) 
Arsenic Cadmium 

Dam 0.198±0.055 0.565±0.148 0.335±0.090 

Pond 1 0.119±0.121 0.880±0.212 0.324±0.160 

Pond 2 0.114±0.038 0.735±0.050 0.289±0.044 

Pond 3 0.102±0.109 0.625±0.035 0.253±0.062 

 

3.1.5. Evaluation of the Potential and Ecological Risk of 

Sediments 

The individual risk index (Er) and the potential ecological 
risk index (PERI) of cadmium and arsenic in the sediments of 
the ponds and farm dam are presented in Table 8. The risk 
index individual (Er) is higher for Cd compared to the one of 

As in all structures. For Cd, it varies from 16.95±4.44 to 
26.40±6.36 and the highest value is noted in pond 1. For As, 
it varies from 1.02±1.09 to 1.98±0.55 and the highest value is 
recorded in the dam level. The values of the index of 
potential ecological risk (PERI) are between 18.93±4.99 and 
27.59±7.57. The highest values are observed in the ponds. 

Table 8. Average values of Er and PERI in farm sediments. 

 
Individual potential risk index (Er) 

Ecological risk index (PERI) 
Arsenic Cadmium 

Dam 1.98±0.55 16.95±4.44 18.93±4.99 

Pond 1 1.19±1.21 26.40±6.36 27.59±7.57 

Pond 2 1.14±0.38 22.05±1.50 23.19±1.88 

Pond 3 1.02±1.09 18.75±1.05 19.77±2.14 

 

3.2. Discussion 

The measurement of the physico-chemical parameters of 
the water gives a first estimate of its quality [31]. Our study 
revealed that the water temperature remains high in all farm 
structures, particularly in Pond 3 (30.10±0.14°C). The waters 
of the dam (7.60±0.66) and of the pond 3 (8.11±0.09) have a 
basic character while the waters of the pond1 (6.94±0.54) 
and Pond 2 (6.97±1.08) are slightly acidic. In addition, the 
waters of all the facilities on the farm have very good 
oxygenation rates (5.89±0.86 - 6.35±0.80) throughout the 
sampling period. Besides, the electrical conductivity and total 
dissolved solids are low varying from 37.50±7.77 to 
92.50±12.02 µS/cm and from 29.50±3.53 to 40.50±2,12 
mg/L, respectively. Our results also showed that the 

transparency is low in all the ponds (25.47±0.67 - 28.18±0.25 
cm) compared to the values obtained in the dam (43.30±0.42 
cm). On the other hand, the levels of suspended solids are 
high in the ponds (135.39±5.89 - 148.80±1.10 mg/L) 
compared to the dam (103.07±1.95 mg/L). In general, the 
physicochemical parameters evaluated on the fish farm have 
values that comply with the range recommended for optimum 
productivity in fish farming, particularly for the rearing of 
tilapia Oreochromis niloticus and catfish Clarias gariepinus 
(Table 9). Nonetheless, the electrical conductivity and 
transparency are not compliant with the recommended 
standard. The obtained SS concentrations were greater than 
the maximum value accepted for good productivity of 
Oreochromis niloticus to but below the threshold 
recommended for Clarias gariepinus. 

Table 9. Some physicochemical parameters for optimal growth of Oreochromis niloticus (O. niloticus) and Clarias gariepinus (C. gariepinus). 

Parameters Units Species Standards References 

Temperature (T) °C 
O. niloticus 26 - 30 [32] 
C. gariepinus 20 - 30 [33] 

Potential hydrogen (pH) – 
O. niloticus 6,5 – 9 [32] 
C. gariepinus 6,5 – 8 [33] 

Dissolved oxygen (O2) mg/L 
O. niloticus >3,5 [32] 
C. gariepinus ≥ 3,0 [33] 

Electric conductivity (EC) µS/cm 
O. niloticus 150 – 450 [34] 
C. gariepinus –  

Transparency (Trans) cm 
O. niloticus 30 – 60 [35] 
C. gariepinus 25 – 50 [33] 

Suspended Matters (SM) 
mg/L O. niloticus 25 – 80 

[32] 
g/L C. gariepinus ≤ 100 

Total dissolved Solids (TDS) mg/L 
O. niloticus <200 [36] 
C. gariepinus –  

 
This study reveals the presence of metallic trace elements in the water of all the structures of the farm. This presence of 
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cadmium and arsenic in the water can be explained by the 
regular use of herbicides and pesticides in the plantations 
around the farm [37]. Arsenic has higher concentrations than 
cadmium in all structures. This difference could be related to 
environmental conditions. Indeed, the solubility and mobility 
of heavy metals in water are partly influenced by the 
physico-chemical parameters of the water and the properties 
of each metal [31, 38]. The study also indicated that there is 
no significant difference between farm structures for any 
metallic trace elements. This could be explained by an 
identical source of contamination of the waters of the 
different livestock structures that were studied. In fact, the 
farm is close to rubber tree plantations, a probable source of 
toxic metals with the use of fertilizers and phytosanitary 
products [39]. Our results for cadmium are lower than those 
obtained by [6, 9]. These authors respectively recorded 
values between 0.0121 and 0.0409 mg/L and varying from 
0.023±0.01 to 0.074±0.08 mg/L. However, the obtained 
cadmium contents are higher than those (0.00022±0.00001 - 
0.00027±0.00003 mg/L) recorded by [4] in fish farms in 
Egypt. But, our values remain below the standard required 
for freshwater aquaculture, which is 0.005 mg/L of cadmium 
[32]. Concerning arsenic, our values are lower than those 
recorded by [9, 10]. Indeed, these authors noted 
concentrations respectively varying from 0.043±0.04 to 
0.044±0.02 mg/L and from 0.047±0.014 to 0.052±0.043 
mg/L. Futhermore, the arsenic values recorded during the 
study period are well below the recommended standard for 
freshwater aquaculture which is 0.4 mg/L [32]. Nevertheless, 
the consistent presence of metals in water could harm fish 
through the phenomenon of bioconcentration. In fact, fish 
can accumulate heavy metals in their bodies by directly 
absorbing water through the gills [40]. 

Our results showed the presence of TME (As, Cd) in the 
sediments of the structures of the fish farm. These sediments 
have higher metal contents compared to their concentration 
in water. This difference is believed to be due to the fact that 
in aquatic environments, metals tend to accumulate in the 
sediments [41]. Indeed, sediments are considered to be the 
most important reservoirs of metallic trace elements [1]. 
These large amounts of metals accumulated in the sediments 
represent real dangers for the aquatic environment, such as 
the death of benthic organisms reducing the availability of 
food for fish, inhibiting fish growth and bioaccumulation as 
well as biomagnification of metallic trace elements in fish [9]. 
Our cadmium values (0.0565±0.0148– 0.0880±0.0212mg/kg) 
are lower than those (2.04±0.02 mg/kg) of [42] in sediments 
from El – Shikh pond in Egypt and those (0.121±0.00 - 
0.174±0.01 mg/kg) by [9] in a farm in a pond, located in 
Offoumpo in the department of Agboville in the Côte 
d’Ivoire. Our arsenic results (0.2045±0.218496 - 
0.3950±0.1103 mg/kg) are lower than those recorded by [10] 
which evolve from 4.743±0.802 to 5.757±1.258 mg/kg. 

The ratio sediment/water (RS/W) was used to assess the 
mobility of metallic trace elements from water to sediments 
as well as their accumulation in these sediments. This ratio is 
well above 1 (RS/W>1) for all metals, thus showing their high 

mobility from water to sediments [9, 43]. The high values of 
the ratios recorded for the studied metals also indicate a 
strong accumulation of metals contained in the water by the 
sediments of the farm. This confirms that the sediments of 
the different rearing structures constitute a reservoir of 
metallic trace elements for the water column [1]. Arsenic 
(111.29 - 172.08) has higher ratios than cadmium (47.84 - 
70.63) on the farm. These high values of the RS/W of arsenic 
would result from the physicochemical properties of the 
aquatic environment. In fact, in aquatic environments, the 
physicochemical parameters partly control the behavior and 
mobility of contaminants among the different compartments 
[44]. The high mobility of TMEs towards the sediments as 
well as their accumulation lead to an increase in metals levels 
in the sediments [45]. Sedimentary particles have the 
capacity to fix pollutants thanks to clays and humic 
compounds and consequently they are hardly carried away by 
leaching [46]. This explains why the TME are often highly 
concentred in soils and sediments [47]. 

The overall content of trace metal elements in water and 
sediment was assessed using the Metal Pollution Index. The 
recorded values indicate a higher overall contamination in 
sediment (0.1131±0.0277 - 0.1494±0.0404) than in water 
((0.1482±0.0090) × 10-2 - (0.1647±0.1122) × 10-2). This 
could be attributed to higher concentrations of metallic trace 
elements in the sediments. However, these values are less 
than 1 (MPI<1). This means that all of the TMEs (Cd and As) 
contained in the water and sediment of the fish farm are safe 
for Oreochromis niloticus and Clarias gariepinus fish [48]. 

However, the crude concentrations of metallic trace 
elements in the sediments do not provide sufficient 
information on the level of contamination of the sediments. 
This is why the level of contamination of the sediments was 
assessed with indices. The contamination factor has values 
between 0.102±0.109 and 0.198±0.055 for arsenic and 
between 0.565±0.148 and 0.880±0.212 for cadmium. These 
values being less than 1 (CF < 1), point out a low degree of 
contamination of the sediments with arsenic and cadmium 
[22]. But, sediments pose a greater risk of cadmium 
contamination than arsenic (CFCd > CFAs). This order of 
contamination has the same tendency as the content of metals 
in sediment and the ratio S/W. The overall toxicity status of 
TMEs in the sediments of the fish farm was assessed with the 
pollution load index. The PLI indicates the result of the 
contribution of the different metals. The average values of 
the pollution load index obtained are between 0.253±0.062 
and 0.335±0.090 confirming an absence of pollution of the 
sediments of the fish farm (PLI < 1) [26]. The PLI is a 
powerful tool in the assessment of pollution by trace metal 
elements [49]. It helps to assess the impact of human 
activities on the quality of the sediments on the farm. In fact, 
according to [48], a PLI > 1 means a contribution from 
anthropogenic sources; pointing out a gradual deterioration in 
the quality of the sediments. 

The ecological risk associated with each metal was 
assessed with the individual potential risk index (Er). The 
values of the individual potential risk are less than 40 (Er<40) 
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for all metals (As: 1.02±1.09 to 1.98±0.55 and Cd: 
16.95±4.44 to 26, 40±6.36) and in all structures. This shows 
a low ecological risk for the metals studied. Indeed, 
according to the classification of individual potential risks, Er 
≤ 40 belong to Class 1, which indicates a low ecological risk 
[24]. To assess the ecological risks caused by all metals, the 
potential ecological risk (PERI) was determined. The 
obtained values (18.93±4.99 - 27.59±7.57) are all less than 
150 (PERI<150). They indicate that farm sediments pose a 
low ecological risk [24]. 

4. Conclusion 

The present study consisted of determining the 
environmental quality of water and sediments from a pond 
fish farm in order to assess the risk of exposure of farmed 
fish to arsenic and cadmium. The study found that the waters 
of the various structures on the farm generally have high 
temperatures. The waters of the dam are basic while those of 
the ponds are acidic. Conductivity and total dissolved solids 
evolve in all structures in the same way and are higher in the 
dam. The waters of the various farm facilities are well 
oxygenated. However, they are loaded with suspended matter 
with low transparency. Almost all of the structures on the 
farm have physicochemical parameters in accordance with 
the water quality guidelines for rearing Oreochromis 
niloticus and catfish Clarias gariepinus. Analysis of the water 
and sediments of the farm structures showed the presence of 
metallic trace elements (arsenic and cadmium) in these two 
compartments. Arsenic has higher concentrations than 
cadmium in all the structures. The study indicated that there 
is no significant difference among the farm structures for the 
two metals. The concentrations of trace metal elements in 
sediments are significantly higher than those in water. 
Moreover, the overall contamination of metallic trace 
elements is higher in sediment than in water. The study also 
indicated that the values of the contamination factor, the 
individual potential risk index and the ecological risk index 
point out a low level of contamination of the farm's 
sediments with arsenic and cadmium and a low ecological 
risk. However, the Sediment/Water Ratios for cadmium and 
arsenic which are high in all the farm structures show, that 
the sediments are true sinks of trace metal elements. These 
large quantities of metals accumulated in the sediments 
represent real dangers for all living species in this 
environment. The danger of these high metal concentrations 
in the sediments lies in the resuspension of these metals 
during the control of fisheries, which can disrupt the 
biological balance and increase the risk of contamination of 
farmed fish. 

We recommend fish farmers to: 
1. Clean out the ponds after each production cycle and 

dispose of sediment away from the ponds; 
2. Develop dykes around the ponds to slow down the entry 

of runoff water into the ponds; 
3. Avoid the use of phytosanitary products on the farm to 

dry weeds. 

Acknowledgements 

The authors thank the Fonds Interprofessionnel pour la 

Recherche et le Conseil Agricoles (FIRCA) for funding this 
study. 

 

References 

[1] S. Coulibaly, M. Coulibaly, and B. C. Atse, Contamination à 
l’arsenic des eaux et des sédiments des zones continentale et 
maritime de la partie ouest de la Lagune Ebrié (Côte d’Ivoire), 
International Journal of Innovation and Applied Studies, 25 
(2), 2019, pp. 577-585. 

[2] C. Kaki, P. Guedenon, N. Kelome, P. A. Edorh, and R. 
Adechina, Evaluation of heavy metals pollution of Nokoue 
Lake, African Journal of Environmental Science and 
Technology, 5 (3), 2011, pp. 255-261. 

[3] EPA, Aquatic biodiversity. EPA. 
http://www.epa.gov/bioiweb1/aquatic/pollution.html, 2009, 
consulté le 12/10/2020. 

[4] M. B. Mostafa, A. M. Al-Akraa, and A. H. Khalil, 
Ultrasonographic assessment of superficial digital flexor 
tendon (SDFT) core lesion treated with platelet rich plasma 
(PRP) in donkeys (Equus Asinus), Benha veterinary medical 
journal, 29 (2), 2015, pp. 274-282. 

[5] G. Darko, D. Azanu, and K. N. Logo, Accumulation of toxic 
metals in fish raised from sewage-fed aquaculture and 
estimated health risks associated with their consumption, 
Cogent Environmental Science, 2 (1), 2016, pp. 1-12. 

[6] M. M. Adeyemi, and A. I. Ugah, Evaluation of concentration 
of some heavy metals in water, soil, and fish from ponds in 
Lugbe, Idu and Kuje in the Federal Capital Terrory (FCT), 
Abuja, Nigeria, Journal of Environmental Science, Toxicology 
and Food Technology, 11 (5), 2017, pp. 39-43. 

[7] S. Coulibaly, B. C. Atse, and K. M. Koffi, Contamination aux 
métaux lourds de la matrice eau-sédiment et muscle du tilapia 
Oreochromis niloticus de trois fermes piscicoles en Côte 
d’Ivoire. Agronomie Africaine, 30 (3), 2018, pp. 249–259. 

[8] S. H. Junejo, J. A. Baig, T. G. Kazi, and H. I. Afridi, 
Cadmium and Lead Hazardous Impact Assessment of Pond 
Fish Species. Biological Trace Element Research, 191, 2019, 
pp. 502–511. doi: 10.1007/s12011-018-1628-z. 

[9] A. Sanou, S. Coulibaly and B. C. Atse, Évaluation de la capacité 
de fixation des métaux lourds par les sédiments d’une ferme 
piscicole en étang. Afrique Science, 16 (4), 2020, pp. 85-97. 

[10] A. Sanou, S. Coulibaly, M. Coulibaly, S. N. N’dri and B. C. 
Atse, Assessment of heavy metal contamination of fish from a 
fish farm by bioconcentration and bioaccumulation factors. 
Egy. J. of Aquat. Biol. & Fisheries., 25 (1), 2021, pp. 821–841. 

[11] A. Sanou, Détermination du niveau de contamination 
métallique des eaux et des sédiments de trois fermes piscicoles 
en Côte d’Ivoire, Mémoire de Master, Université Jean 
Lorougnon Guédé, Daloa, Côte d’Ivoire, 2018, 100p. 

[12] R. C. A. Oliveira, L. Belger, E. Pelletier and C. Rouleau, 
Histopathological evidence of inorganic mercury and methyl 
mercury toxicity in the arctic charr (Salvenilus alpinus). 
Environmental Research, 90 (3), 2002, pp. 217-225. 



98 Ali Sanou et al.:  Contamination Level of Arsenic and Cadmium in the Water and Sediments of a  
Fish Farm: Application of Contamination Indices 

[13] H. Djeddi, S. Kherief-Nacereddine, D. Keddari, and F. Z. 
Afri-Mehennaoui, Teneurs des éléments traces métalliques Cu, 
Zn et Pb des sédiments du barrage Béni Haroun (Nord-Est de 
l’Algérie). European Scientific Journal, 15, 2018, pp. 1857- 
7431. 

[14] E. F. T. Tanon, Qualité environnementale d’une ferme piscicole 
en étang: risque potentiel de toxicite pour les poissons d’élevage, 
Mémoire de Master, Université Félix Houphouet – Boigny, 
Abidjan - Cocody, Côte d’Ivoire, 2020, 59p. 

[15] AFNOR, Qualité de l'eau, recueil des normes françaises, 
Editions AFNOR, Paris, 1997, 46p. 

[16] EPA, SW-846 test methods for evaluating solid waste, 
physical-chemical methods, method 6010 C: inductively 
coupled plasma-atomic emission spectrometry. 
http://www.epa.gov/OSW/hazard/testmethods/sw846/pdfs/601
0c.pdf, 2007, Accessed 9 jan 2008. 

[17] UNEP, Manuel d’échantillonnage et d’analyse des sédiments, 
UNEP (DEPI)/MED WG. 321/Inf4. United Nations 
Environment Programme, 2007, 26p. 
https://wedocs.unep.org/rest/bitstreams/7633/retrieve, 
Consulté le 25/12/2020. 

[18] A. Aminot, and M. Chaussepied, Manuel des analyses 
chimiques en milieu marin. CNEXO, Editions jouve, Paris, 
1983, 395p. 

[19] J. Usero, E. Gonzalez-Regalado, I. Gracia, Trace metals in the 
bivalve molluscs Ruditapes decussatus and Ruditapes 
philippinarum from the Atlantic Coast of Southern Spain. 
Environment International, 23 (3), 1997, 291–298. doi: 
10.1016/s0160-4120(97)00030-5. 

[20] M. H. Rezaie-Boroon, V. Toress, S. Diaz, T. Lazzaretto, M. 
Tsang and D. D. Deheyn, The Geochemistry of Heavy Metals 
in the Mudflat of Salinas de San Pedro Lagoon, California, 
USA. Journal of Environmental Protection, 4, 2013, 12-25. 

[21] K. H. Wedepohl, The composition of continental crust. 
Goechimica and Cocmochimica Acta, 59 (7), 1995, 1217-123. 

[22] L. Hakanson, Ecological risk index for aquatic pollution 
control. A sedimentological approach. Water Research, 14 (5), 
1980, 975–1001. 

[23] U. Förstner, W. Calmano, K. Conradt, H. Jaksch, C. Schimkus 
and J. Schoer, Chemical speciation of heavy metals in solid 
waste materials (sewage sludge, mining wastes, dredged 
materials, polluted sediments) by sequential extraction. 
International Conference Heavy Metals in the Environment, 
Amsterdam, Edinburgh. Conference Paper, 1 (3), 1981, pp. 
698-704. 

[24] A. Enuneku, O. Omoruyi, I. Tongo, E. Ogbomida, O. Ogbeide 
and L. Ezemonye, Evaluating the potential health risks of 
heavy metal pollution in sediment and selected benthic fauna 
of Benin River, Southern Nigeria. Applied Water Science, 8 
(224), 2018, pp. 1-13. 

[25] D. L. Tomlinson, J. G. Wilson, C. R. Harris, and D. W. Jeffrey, 
Problems in the Assessment of Heavy-Metal Levels in 
Estuaries and the Formation of a Pollution Index. Helgoländer 
Meeresuntersuchungen, 33, 1980, pp. 566-575. 

[26] A. Barakat, M. El Baghdadi, J. Rais, and S. Nadem, 
Assessment of heavy metal in surface sediments of Day River 
at Beni-Mellal Region, Morocco. Res J Environ Earth Sci 4 
(8), 2012, pp. 797–806. 

[27] Z. Zhang, L. Juying, Z. Mamat, and F. Y. Qing., Sources 
identification and pollution evaluation of heavy metals in the 
surface sediments of Bortala River, Northwest China. 
Ecotoxicology and Environmental Safety, 126, 2016, pp. 94–101. 

[28] L. Zhang, and J. Liu, In situ relationships between spatial–
temporal variations in potential ecological risk indexes for 
metals and the short-term effects on periphyton in a 
macrophyte-dominated lake: a comparison of structural and 
functional metrics. Ecotoxicology (2014) 23 (4), pp. 553–566. 
doi: 10.1007/s10646-014-1175-0. 

[29] X. Ke, S. Gui, H. Huang, H. Zhang, C. Wang, W. Guo, 
Ecological risk assessment and source identification for heavy 
metals in surface sediment from the Liaohe River protected area, 
China. Chemosphere, 175 (Supplement C), 2017, pp. 473–481. 

[30] H. S. Lim, J. S. Lee, H. T. Chon, and Sager M., Heavy metal 
contamination and health risk assessment in the vicinity of the 
abandoned Songcheon Au–Ag mine in Korea. Journal of 
Geochemical Exploration, 96 (23), 2008, pp. 223–230. 

[31] S. Coulibaly, Bioaccumulation des métaux lourds et effets 
biologiques induits chez Saratherodon melanotheron rüppell, 
1852 pêché dans la Baie de Bietri en Lagune Ebrié (Côte 
d’Ivoire). Thèse de Doctorat, Université Felix Houphouët 
Boigny (Abidjan, Côte d’Ivoire), 2013, 214p. 

[32] C. Mélard, Bases biologiques de l’aquaculture: Notes de cours. 
Université de Liège (Belgique): Centre de formation et de 
Recherche en Aquaculture, 1999, 238p. 

[33] W. J. A. R. Viveen, C. J. J. Richter, P. G. W. J. Van Oordt, J. 
A. L. Janssen, and E. A. Huisman, Manuel pratique de 
pisciculture du poisson-chat africain (Clarias gariepinus), 
1985, 128p. 

[34] E. Mamadou, Caractérisation zootechnique de Oreochromis 
niloticus (Linné, 1758), O. hornorum (Trewavas, 1960) et de 
l’hybride issu du croisement de O. niloticus femelle×O. 
hornorum mâle. Mémoire de DEA, Université de Cocody, 
Abidjan, Côte d’Ivoire, 1998, 41p. 

[35] Boyd, 1982. 

[36] C. Malcolm, H. Beveridje and B. J. McAndrew, Tilapias: 
biologie and exploitation. Institute of aquaculture. University of 
stirling, Scotland. Kluwer Academic Publishers, 2000, 185 p. 

[37] E. E. Obasohan, J. A. O. Oronsaye and E. E. Obano, Heavy 
metal concentrations in Malapterurus electricus and 
Chrysichthys nigrodigitatus from Ogba river in Benin City. 
African Journal of Biotechnology, 5, 2006, pp. 974 – 982. 

[38] M. Coulibaly, Développement de méthodes électrochimiques 
pour la détection de trace de métaux lourds: application à 
l’analyse du cuivre, du sélénium et du manganèse dissous 
dans des milieux complexes. Mémoire de Thèse de Doctorat. 
Université de Cocody, Côte d’Ivoire, 2008, 325p. 

[39] K. M. Koffi, S. Coulibaly, B. C. Atsé, and E. P. Kouamelan, 
Survey of heavy metals concentrations in water and sediments 
of the estuary bietri bay, ebrie lagoon, Côte d’Ivoire. 
International Journal of Research In Earth & Environmental 
Sciences, 1 (3), 2014, pp. 1–10. 

[40] L. Vilizzi, and A. S. Tarkan, 2016, Bioaccumulation of metals 
in common carp (Cyprinuscarpio L.) from water bodies of 
Anatolia (Turkey): a review with implications for fisheries 
and human food consumption. Environmental Monitoring and 
Assessment, 188 (4), 24 p. doi: 10.1007/s10661-016-5248-9. 



 Agriculture, Forestry and Fisheries 2022; 11(2): 90-99 99 
 

[41] S. Yi, N. Sahni, K. J. Daniels, K. L. Lu, G. Huang, A. M. 
Garnaas, C. Pujol, T. Srikantha, and D. R. Soll, Utilization of 
the mating scaffold protein in the evolution of a new signal 
transduction pathway for biofilm development. MBio, 2 (1), 
2011, pp. 7-10. 

[42] A. T. Ibrahim, E. T. Wassif, and M. S. Alfons, Heavy metals 
assessment in water, sediments and some organs of 
Oreochromis niloticus under the Impact of sewage water. 
Journal of Heavy Metal Toxicity and Diseases, 1 (1), 2016, pp. 
1-7. 

[43] N. M. Kouamenan, S. Coulibaly, B. C. Atse, and B. G. Goore, 
Seasonal and spatial variations of heavy metals in water and 
sediments from mainland and maritime areas of Ebrie lagoon 
(Côte d’Ivoire, Western Africa), International Journal of 
Biological and Chemical Sciences, 13 (4), 2019, pp. 2374–
2387. 

[44] H. Bouzenzana, Contribution à l’étude des paramètres 
physico-chimiques et la biodiversité algale des cours d’eau de 
la région d’Oued Athmenia (Mila). Mémoire de Master, 
Université des Frères Mentouri Constantine (Algérie), 2015, 
58p. 

[45] M. Mohammad, and M. Muhammad, Accumulation of Lead 
(Pb) in Blood Clams. AnadaragranosaL. Inhabiting 
DenselyIndustrial Area in Sidoarjo. East Java. Indonesia. 3rd 
International Conference on Chemical, Agricultural and 
Medical Sciences (CAMS-2015) Singapore, 2015, 4p. 
(http://dx.doi.org/10.15242/IICBE.C1215023). 

[46] B. Montuelle, Qualité et gestion des sédiments d'eau douce - 
Éléments physicochimiques et biologiques. Cemagref Éditions 
2003, ch. 6, 332 p. 

[47] C. Bliefert and R. Perraud, Chimie de l'environnement, 
DeBoeck Université, 2001, 369–401, ch. 23, 477p. 

[48] S. A. Abdel Ghani, Trace metals in seawater, sediments and some 
fish species from Marsa Matrouh Beaches in north-western 
Mediterranean coast, Egypt. Egyptian Journal of Aquatic Research, 
41, 2015, pp. 145–154. DOI: 10.1016/j.ejar.2015.02.006. 

[49] A. B. Andem, K. A. Okorafor, E. E. Oku, and A. A. 
Ugwumba, Evaluation And Characterization Of Trace Metals 
Contamination In The Surface Sediment Using Pollution Load 
Index (PLI) And Geo-Accumulation Index (Igeo) of Ona 
River, Western Nigeria. International Journal of Scientific & 
Technology Research 4 (1), 2015, pp. 29-34. 

 
 


