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Abstract:

Background: In Benin, poor farming practices pose significant health and environmental risks, particularly to
aquatic ecosystems. The aim of this study is to assess the level of pesticide contamination in water and oysters in
southern Benin. To carry out the study, samples of water and oysters (Crassostrea rhizophorae) were collected.
Pesticide residue analysis was performed by gas chromatography at the Ghana Standards Authority (GSA)
laboratory in Ghana. The data were processed using R 3.6 software. The results of the chromatographic analysis
showed that the Environmental Quality Standard (EQS) had been exceeded. The levels of atrazine (0.7 ug/L) and
DDT (1.50 ug/L) in the water were higher than the EQS (0.6 ug/L; 1 ug/L). In the case of oysters, the active
ingredient levels are well below the Maximum Residue Limit. The analytical results therefore confirm that the
water in aquatic ecosystems in southern Benin contains pesticide residues that exceed Environmental Quality
Standards, unlike oysters, which contain only trace amounts. Monitoring of these ecosystems is therefore
necessary
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I. Introduction

The water bodies of southern Benin are of great ecological and socioeconomic importance for the
country and the subregion (Tossou, 2000; Hounsou, 2012). These aquatic ecosystems contribute to food security
and represent a source of income for the majority of riverside populations (Orou Piami et al., 2022). They are
involved in ecosystem services such as fishing, agriculture, aquaculture, river transport, cultural activities, and
biodiversity protection. However, human activities such as intensive agriculture involving the use of chemical
fertilizers and synthetic pesticides without knowledge or respect for recommended doses and precautions for use
threaten their sustainability (Yehouenou et al. 2014; Adjovi et al., 2024). Indeed, intensive agricultural practices
aim to meet the increased demand of populations.

Initially designed to prevent yield losses, the use of pesticides has nevertheless introduced new
challenges and complications (Atlas des pesticides 2023). Pesticides are regularly implicated in the sustainability
of ecosystem services and the decline in biodiversity (Compaore et al. 2019). While pesticides have promoted
good agricultural yields, ensuring food security, their excessive use also impacts both the environment and health
(Soro et al. 2019).

The active substances in pesticides and the molecules resulting from their degradation are found in all
ecosystems, particularly in water and fish species (Adjagodo et al. 2016). Oysters, which are widely consumed
by the population, offer remarkable nutritional benefits. According to Agadjihouede et al. (2017), oysters contain
approximately of high-quality protein and are low in calories, at aroundkcal. They are notably rich in essential
minerals, particularly zinc (up to 45 mg/100g), iron, calcium, and magnesium, as well as vitamins B12, A, C, D,
and omega-3 fatty acids A). These nutrients help boost the immune system, improve cardiovascular health, and
reduce inflammation (Tu et al. 2024)
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As a bioindicator of pollution, it is necessary to assess the quality of oysters. The species Crassostrea
rhizophorae, which is most commonly consumed by the population, has not been studied for pesticides and heavy
metals in order to protect consumers. It is in this context that this research aims to evaluate the level of pesticide
contamination in water and oysters in southern Benin.

II.  Material And Methods
Study environment
The study area is the lower part of the Ouémé River in southern Benin, specifically the departments of
Ouémé, Littoral, and Atlantic. It was chosen because it is the largest basin and because of its main sources of
pollution (high agricultural production and numerous industrial discharges). Figure 1 illustrates the study area.
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Figure 1 : Study area and sampling sites for water, sediment, and oyster samples
Sampling

This study focused on two components of the environment: water and oysters (Crassostrea rhizophorae).
Samples were collected using a canoe. A total of 72 samples were collected (36 water samples and 36 oyster
samples). The 36 samples per matrix were distributed as follows: 12 samples per department, with three samples
taken per site at each of the four sites. Taking into account the three departments (Atlantic, Littoral, and Ouémé),
36 samples from each matrix were analyzed. At each site, each sample was labeled and stored at 4°C with ice
packs in a cooler before being transported to the laboratory for heavy metal testing (lead, cadmium, and mercury).
in a cooler before being transported to the laboratory for heavy metal testing (lead, cadmium, and mercury).
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The analysis of water and oyster (Crassostrea rhizophorae) samples was carried out at the Ghana
Standards Authority (GSA) laboratory in Accra, Ghana, using Varian CP-3800 GC-ECD gas chromatography,
combined with CombiPAL sample changer.

III.  Result

Quantification of pesticide residue levels in water and oyster samples

In the laboratory, thirty (30) active pesticide substances were tested for, including Aldrin, Abamectin,
Acetamiprid, Atrazine, Buthachlor, Chlordane-gamma, Lambda-Cyhalothrin, DDD, DDT, Cypermethrin,
Chlorpyrifos-ethyl, Emamectin, Deltamethrin, Dieldrin, Endosulfan, Endrin, Imazethapyr, Fenthion, Glyphosate,
Heptachlor, Isopropalamine, Lindane, Malathion, Monocozeb, Nicosulfuron, Oxyfluorfen, Parathion,
Pendimethalin, Permethrin, and Propisochlor. These substances belong to the large families of organochlorine
pesticides, synthetic pyrethroids, and organophosphates.

Quantification of pesticide residue levels in water samples
Table I: Average pesticide residue levels in water by site

Departments
Farameters. Atlantic Littoral Quémé P
Acétamipride 0.0433=+0,0010 0,00528+0,0005 0.001
Oyster (mg/'kg) Atrazine 0,0022+0,0003 0,0026=0,0002 0,308
Aldrine 0,0015%+0,0002 0.0031°+0,0002 0.002

a, b et ¢ : the averages assigned to different letters are significantly different at the threshold of 5%.

Analysis of water data shows that out of thirty (30) active pesticide ingredients tested for, three (03) were
actually detected, namely: Atrazine, Aldrin, and DDT. Thus, in Ouémé, the Aldrin content of the water (0.0493
ng/L) is significantly higher than that observed in Littoral (0.0355 pg/L) and Atlantic (0.0148 nug/L). However,
the DDT content of water samples from the Atlantic is significantly lower (0.0503 pg/L) than those from the
Littoral and Ouémé (2.2380 pg/L and 2.2070 pg/L, respectively).

The variations in active ingredient content in the water in the departments indicate differentiated
pollution of aquatic environments. Ouémé stood out for its high concentrations of aldrin and DDT, reflecting
persistent agricultural pressure. Littoral also has high levels, particularly of DDT, while Atlantic remains less
contaminated overall.

Quantification of pesticide residue levels in oyster samples
Table II shows the quantification of pesticide residue levels in sediments

Departments
Larameters Atlantic Littoral Ouémé P
Water Atrezine 0.592040.0878 0.7163+0,0404 0.7498-0,0425 0.212
oLy Aldrine 0.01480,0028 | 0,0355°:0,0023 | 0,0493£0,0031 0,001
g DDT 0,0503%£0,0233 2.2380°=0,171 2.207020,3700 0,001

a, b, and c: averages marked with different letters are significantly different at the 5% threshold.

Analysis of the data shows that the Atlantic department had no significant effect on the parameters
studied. The concentration of acetamiprid is low in Ouémé (0.0052 mg/kg) and in Littoral (0.0433 mg/kg).
However, for Aldrin and Atrazine, the levels are higher (0.0031 mg/kg and 0.0026 mg/kg respectively) in Ouémé
than in Littoral (0.0015 mg/kg and 0.0022 mg/kg).

These results mean that oysters from the Atlantic department are not contaminated with the pesticide
residues studied, while the high levels of acetamiprid in the Littoral department reflect contamination. The higher
levels of aldrin and atrazine in the Ouémé department indicate pollution.

Comparison of pesticide residue contamination levels in water, sediment, and oyster samples with
regulatory standards

Comparison of pesticide residue contamination levels in water samples with the Environmental Quality
Standard (EQS)
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Figure 1: Comparison of pesticide residue contamination levels in water samples at the EQS

Analysis of Figure 1 indicates that the levels of Atrazine and DDT in water (0.7 pg/L and 1.5 pg/L
respectively) are significantly higher than the EQS (0.6 pg/L and 0.001 pg/L for Atrazine and DDT). Thus, the
Atrazine content is approximately 1.17 times higher than the standard, and the DDT content is 1.5 times higher
than the standard. This indicates a potential risk to ecosystems and, indirectly, to human health. However, the
Aldrin content in water (0.03 pg/L) is similar to the Environmental Quality Standard (EQS).

Comparison of pesticide residue contamination levels in oyster samples with Maximum Residue Limits
(MRL)
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Figure 2 : Comparison of pesticide residue contamination levels in oyster samples with MRL

Analysis of Figure 2 shows that the respective values of 0.024 mg/kg, 0.003 mg/kg, and 0.0023 mg/kg
for the various active substances acetamiprid, aldrin, and atrazine are significantly lower than the MRLs (0.7
mg/kg, 0.03 mg/kg, and 0.6 mg/kg). These low levels limit the health risk but indicate diffuse pollution that needs
to be monitored, as the presence of these residues remains a sign of environmental and health pollution.

IV.  Discussion

Analysis of the results obtained for water and oysters showed significant concentrations of pesticide
residues, sometimes exceeding the standards recommended by NQE and MRL. For water, the measured
concentrations of atrazine (0.7 pg/L) and DDT (1.50 pg/L) exceed the NQE standard (0.6 pg/L) and (1 pg/L),
respectively. This indicates contamination of the water with atrazine and DDT. These atrazine values are higher
than those reported by Yehouenou et al. (2014), which indicate water levels ranging from 0.05 to 0.475 pg/L in
the Ouémé. This excess concentration could be explained by high agricultural activity year after year. The
concentration of aldrin (0.04 pg/L) recorded is also slightly above the EQS (0.03 pg/L). Although this value is
close to the regulatory limit, continuous monitoring is necessary.

As for oysters, the results obtained showed concentrations of acetamiprid (0.024 mg/kg), aldrin (0.003
mg/kg), and atrazine (0.0023 mg/kg) below the standards (0.7 mg/kg, 0.03 mg/kg, and 0.6 mg/kg, respectively).
This means that the oysters are not contaminated. These results are similar to those of Pazou et al. (2006), who
identified low levels of pesticide residues in fish from the Ouémé River. Although the study concluded that the
levels were low, the persistence of these active pesticide ingredients in the aquatic environment and their
bioaccumulation in the food chain could affect consumer health in the long term. Exposure leads to cognitive
disorders and cancer and Neurotoxicity (Alavanja et al., 2024).
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V.  Conclusion
The analytical results confirmed that the water in aquatic ecosystems contains pesticide residues that
exceed Environmental Quality Standards, unlike those in oysters. Atrazine and DDT are the most concentrated
active substances in the water. In oysters, all active substances (acetamiprid, aldrin, and atrazine) detected are in
low concentrations compared to the Maximum Residue Limit.
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