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ABSTRACT
	Pesticide residues in commonly consumed food commodities remain an important public health concern in developing countries. This study assessed the average concentration of dichlorvos in brown beans, white beans, and stockfish randomly purchased from Ibaka Market, AkungbaAkoko, Nigeria, over a three-month period (February, April, and June, 2023). A total of twenty-seven (27) samples were purchased and analyzed for the presence of dichlorvos using Liquid Chromatography-Mass spectrometry (LC-MS). Dichlorvos was detected in all samples throughout the sampling periods. Mean residue concentrations ranged from 1.48 × 10⁻⁵ to 1.88 × 10⁻⁵ ppm in the beans, while stockfish exhibited significantly higher levels(2.94 × 10⁻⁵ ppm) at P<.05 The elevated levels in stockfish show a higher frequency of pesticide application during storage and potential bioaccumulation due to commodity-specific storage practices. Temporal variations were noted across the sampling periods, with April values being slightly higher in most commodities. All measured dichlorvos levels were, however, lower than both the FAO/WHO maximum residue limits (0.1 mg/kg) and the Nigerian national permissible limit (0.01 mg/kg). These results suggest low risk of dichlorvos exposure from consumption of these commodities in AkungbaAkoko. Continuous monitoring, however, is recommended to ensure food safety and health protection of the population.
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1. INTRODUCTION
Dichlorvos, also known as DDVP, is a commonly used household and agricultural pesticide in most developing countries due to its potency against a variety of pests, including flies, mosquitoes, ectoparasites, and stored grain pests (Okoroiwu and Iwara, 2018). It is a synthetic organophosphate used to control pest infestation of stored farm products in barns, warehouses, and greenhouses. Although dichlorvos is biodegradable in the environment, its abuse and misuse, coupled with continuous indiscriminate usage on stored products, poses a significant health challenge due to its ability to bioaccumulate in grains (Amali et al., 2025). Quantification of dichlorvos in stored products, especially staple food, is, therefore, pertinent in determining possible human health risks.
In Nigeria, dichlorvos and other pesticides have been reported in agricultural products such as beans (Dike-Iheanyi et al., 2024; Joseph et al., 2024; Otitoju and Lewis, 2021; Ogahet al., 2012), maize (Yusuf et al., 2019), cocoa beans and pods (Idowu et al., 2022; Akinneyeet al., 2018; Oyekunleet al., 2017), and fruits and vegetables (Dike-Iheanyiet al., 2024; Oluwoyoet al., 2024; Omejeet al., 2022; Njoku et al., 2017) in some farms and markets across the country. Recently, the National Agency for Food and Drugs Administration and Control (NAFDAC) reinstated her stand on the ban on the importation, distribution, sales, and use of packed sizes of ≤100 mL of dichlorvos, which has been in place since the year 2019 (NAFDAC, 2025). The ban was to regulate the use of dichlorvos by unprofessional farmers and retailers, as the packed sizes of ≤100 mL are the most commonly available form of dichlorvos that can easily be bought by local farmers and retailers. However, due to incessant smuggling of banned products through the inland border of Nigeria and inadequate monitoring of sales products in most markets by regulatory agencies, the use of dichlorvos by unauthorised personnel is still in vogue.
AkungbaAkoko, located in Ondo State, is a rapidly growing commercial town that hosts a major state-owned university – Adekunle Ajasin University – and local markets where residents and students routinely purchase staple food items, including different varieties of beans and stockfish. However, no published data exist on the level of dichlorvos contamination in food commodities sold in this locality. Therefore, the present study aims to assess the concentration of dichlorvos residues in brown beans, white beans, and stockfish sold in AkungbaAkoko Market, Nigeria.

2. material and methods 

2.1 Study Area 
AkungbaAkoko is located in the Akoko South West Local Government Area of Ondo State, Nigeria. The town hosts Adekunle Ajasin University and is characterised by intense trading activity and an open market system which serves as a major source of food for the surrounding communities.

2.2 Sample Collection
Samples of brown beans, white beans, and stockfish were randomly purchased from local retailers in Ibaka Market of AkungbaAkoko in February, April, and June 2023. For each commodity, three (3) replicates were collected per month. Each sample was kept in a labelled container and taken to the laboratory of the Department of Animal and Environmental Biology, AAUA.

2.3 Determination of Dichlorvos
2.3.1 Preparation of Standard Solutions
Stock solutions of the reference compounds were made by weighing 0.01 g of reference standards into a standard flask and dissolving the standard with 100 mL of absolute methanol. Each of the standards was agitated for 60 minutes using a vortex mixer and then filtered using a Cosmonice filter or micron filter into the sample bottle.

2.3.2     Sample Preparation and Extraction
5.0 g of powdered sample is soaked in 50 ml of absolute methanol using a conical flask and was allowed to stand overnight in a shaker. The extracted sample was decanted, centrifuged and filtered using a cosmonice filter or micron filter into a 5 ml sample bottle.
Chromatographic analysis was carried out using methanol/water (60:40, v/v) as the mobile phase. The detector wavelength was set to 250 nm, and the column temperature was maintained at 35°C. A 40 µL aliquot of each sample was injected and run for 5 min. Dichlorvos was quantified by comparing the retention time and peak area of the sample chromatograms against those of the prepared standard solution.
2.4 Statistical Analysis
The mean dichlorvos concentrations (± standard deviation) were calculated for each commodity across the three months using GraphPad Prism 5.0. One-way analysis of variance (ANOVA) was performed to test for significant differences in dichlorvos concentrations among the three commodities. The level of significance was set at p < 0.05.

3. results and discussion
The concentration of dichlorvos ranged from 1.31×10⁻⁵ ± 1.39×10⁻⁶ to 3.11×10⁻⁵ ± 1.24×10⁻⁷ ppm across the samples with an overall average concentration of 1.88×10⁻⁵ ± 1.89×10⁻⁶, 1.48×10⁻⁵ ± 1.83×10⁻⁶, and 2.94×10⁻⁵ ± 8.74×10⁻⁷ ppm in brown beans, white beans, and stockfish, respectively (Table 1). There was no significant difference across the months; however, the lowest concentrations of dichlorvos in brown and white beans were reported in the month of June, while stockfish had the highest concentration (3.11×10⁻⁵ ± 1.24×10⁻⁷ ppm) in the month of June. The overall average concentration for dichlorvos in stockfish was significantly different at p<.05 from the two bean samples.
	Table 1. Quantification of dichlorvos in brown beans, white beans, and stock fish (ppm) in Ibaka Market, AkungbaAkoko

	 
	Brown Beans
	White Beans
	Stockfish

	February
	1.99 x 10-5 ± 1.21 x 10-6
	1.29 x 10-5 ± 1.02 x 10-6
	2.83 x 10-5 ± 1.52 x 10-6

	April
	2.14 x 10-5 ± 1.09 x 10-6
	1.85 x 10-5 ± 1.11 x 10-6
	2.87 x 10-5 ± 1.30 x 10-6

	June
	1.51 x 10-5 ± 1.32 x 10-6
	1.31 x 10-5 ± 1.39 x 10-6
	3.11 x 10-5 ± 1.24 x 10-7

	Average Conc.
	1.88 x 10-5 ± 1.89 x 10-6
	1.48 x 10-5 ± 1.83 x 10-6
	2.94 x 10-5 ± 8.74 x 10-7*


*Average concentration differ significantly at P<.05
The detection of dichlorvos in all samples across the three sampling periods is an indication that these food commodities are routinely exposed to organophosphate pesticides during post-harvest storage. However, the reported concentrations were lower than the US EPA permissible limit of 0.02 to 2 ppm (ATSDR, 1997). This corroborates the findings of Joseph et al. (2024), who reported the presence of organophosphate pesticides, including dichlorvos, in bean samples from six (6) locations across the Hong Local Government Area of Adamawa State, Nigeria, at concentrations lower than most organochlorine pesticide residues from the same samples. The presence of a lower concentration of dichlorvos could be as a result of its biodegradable nature and shorter half-life when compared with organochlorine pesticides (Jayarajet al., 2017).
The overall average concentration was significantly higher in stockfish than in the bean samples. Stockfish is a dried codfish with some level of lipid content of about 2.0 g of fat per 100 g (Humanitas, 2025). It is, therefore, possible to have a higher absorption rate of dichlorvos in stockfish than in beans. Furthermore, the concentration was higher in the month of June for stockfish. This could be a result of frequent usage during this period to avoid insect infestations. The month of June is typically the peak of the rainy season in Nigeria, which could encourage insect infestation, especially when the stockfish is wet as a result of rain.
The present result showed a higher concentration of dichlorvos in the months of February and April, which are representative of the dry season and the onset of the rainy season, respectively, with a temperature range of 27-30°C (World Bank Group, 2021). Most often, beans sold during these periods are usually dried beans with a higher possibility of insect infestation. This agrees with the report of Maharjanet al. (2017) that reported that the total duration for the development of Callosobruchuschinensis eggs to the adult stage decreases significantly with increased temperature. That is, at higher temperatures, the rate of development is faster and completed within a short period of time. At 38°C, the development period was 19.17 days, while at a lower temperature (15.97°C), it was over 120 days. The higher concentrations reported during these months could be an indication of continuous usage of dichlorvos against insect infestations.
4. Conclusion
In conclusion, the results indicate the occurrence of dichlorvos residues in common food staples in AkungbaAkoko at lower concentrations. Continuous monitoring of the use of the banned products of dichlorvos should be routinely carried out by regulatory agencies to ensure food safety.
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