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Urban vegetable farming is expanding rapidly and often 
products to improve yields, raising public health concerns. This study assessed residues of two 
commonly used insecticides, lambda
schoenoprasum  lea
chromatography with UV detection, and the measured concentrations were compared with the Codex 
Alimentarius Maximum Residue Limits (MRLs). The results showed that all concentrations were 
below the MRLs, confirming the compliance of the samples with food safety standards. However, the 
Kruskal
significantly greater accumulation in Allium schoenoprasum  leaves. Th
with the physicochemical properties of the compounds, application frequency, and leaf morphology. 
These findings support targeted monitoring and further assessment of chronic dietary exposure risks.
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INTRODUCTION 
 

Rapid urbanization generates numerous challenges, 
particularly in terms of food supply and employment 
opportunities (Bricas et al., 2004). The Abidjan district, as a 
metropolis, attracts populations of diverse origins, primarily 
motivated by the search for stable employment in the 
structured or formal sector (Antoine and Coulibaly, 1989). 
However, the massive influx of migrants, both 
foreign, contributes to rising urban unemployment and the 
growing number of laid-off workers. Faced with these 
challenges, the most vulnerable urban populations turn to 
urban and peri-urban agriculture, particularly market 
gardening, to meet their needs. This type of agriculture plays 
an increasingly important role in supplying cities with food, 
particularly vegetables (Dieye, 2006; Pham
Sayari, 2005; Dongmo et al., 2005; Midmore 
Urban market gardening is an intensive activity that relies 
heavily on the use of plant protection products to increase 
yields (Kpan et al., 2019; Tano et al., 2011
conducted in the perimeter of Félix Houphouët
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ABSTRACT 

Urban vegetable farming is expanding rapidly and often relies on the intensive use of plant protection 
products to improve yields, raising public health concerns. This study assessed residues of two 
commonly used insecticides, lambda-cyhalothrin and acetamiprid, in Lactuca sativa  and Allium 
schoenoprasum  leaves (chives). Analyses were performed by high
chromatography with UV detection, and the measured concentrations were compared with the Codex 
Alimentarius Maximum Residue Limits (MRLs). The results showed that all concentrations were 

w the MRLs, confirming the compliance of the samples with food safety standards. However, the 
Kruskal–Wallis and Mann–Whitney tests, together with Principal Component Analysis, revealed 
significantly greater accumulation in Allium schoenoprasum  leaves. Th
with the physicochemical properties of the compounds, application frequency, and leaf morphology. 
These findings support targeted monitoring and further assessment of chronic dietary exposure risks.

Gnagne Agness Essoh Jean Eudes Yves et al. 2026. This is an open access article distributed under the
reproduction in any medium, provided the original work is properly cited.

 

 

Rapid urbanization generates numerous challenges, 
particularly in terms of food supply and employment 

2004). The Abidjan district, as a 
metropolis, attracts populations of diverse origins, primarily 
motivated by the search for stable employment in the 
structured or formal sector (Antoine and Coulibaly, 1989). 
However, the massive influx of migrants, both national and 
foreign, contributes to rising urban unemployment and the 

off workers. Faced with these 
challenges, the most vulnerable urban populations turn to 

urban agriculture, particularly market 
heir needs. This type of agriculture plays 

an increasingly important role in supplying cities with food, 
particularly vegetables (Dieye, 2006; Pham 2006; Hmida-

Midmore et al., 2005). 
activity that relies 

heavily on the use of plant protection products to increase 
., 2011). A study 

conducted in the perimeter of Félix Houphouët-Boigny 

 
International Airport (Abidjan district) by Coulibaly (2020) 
revealed that market gardeners primarily use insecticides 
(95%), fungicides (70%), herbicides (25%), nematicides 
(16.7%), and acaricides (6.7%). Among these products, 
insecticides based on Lambda
chlorpyrifos-ethyl are the mos
37% of market gardeners in this area use the insecticide K
Optimal, whose active ingredient is Lambda
acetamiprid (Coulibaly, 2020).
(2015) shows that 82.4% of market gardeners at the Hou
market gardening site in Benin use Lambda
products to combat pests. In Côte d'Ivoire, in the locality of 
Daloa, market gardening follows this same principle of using 
plant protection products throughout the production chain 
(Kouamé  et al., 2025). In general, market garden producers 
make use of plant protection products. This situation raises 
concerns about the sanitary quality of the cultivated 
vegetables, which are intended for both local consumption and 
export. However, these prod
international standards to ensure safe and healthy consumption. 
In this context, the present study aims to assess the level of 
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relies on the intensive use of plant protection 
products to improve yields, raising public health concerns. This study assessed residues of two 

cyhalothrin and acetamiprid, in Lactuca sativa  and Allium 
ves (chives). Analyses were performed by high-performance liquid 

chromatography with UV detection, and the measured concentrations were compared with the Codex 
Alimentarius Maximum Residue Limits (MRLs). The results showed that all concentrations were 

w the MRLs, confirming the compliance of the samples with food safety standards. However, the 
Whitney tests, together with Principal Component Analysis, revealed 

significantly greater accumulation in Allium schoenoprasum  leaves. This difference is associated 
with the physicochemical properties of the compounds, application frequency, and leaf morphology. 
These findings support targeted monitoring and further assessment of chronic dietary exposure risks. 
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International Airport (Abidjan district) by Coulibaly (2020) 
revealed that market gardeners primarily use insecticides 
(95%), fungicides (70%), herbicides (25%), nematicides 
(16.7%), and acaricides (6.7%). Among these products, 
insecticides based on Lambda-cyhalothrin + acetamiprid and 

ethyl are the most widespread. Approximately 
37% of market gardeners in this area use the insecticide K-
Optimal, whose active ingredient is Lambda-cyhalothrin + 
acetamiprid (Coulibaly, 2020). The study by Agueh et al., 
(2015) shows that 82.4% of market gardeners at the Houéyiho 
market gardening site in Benin use Lambda-cyhalothrin-based 
products to combat pests. In Côte d'Ivoire, in the locality of 
Daloa, market gardening follows this same principle of using 
plant protection products throughout the production chain 

2025). In general, market garden producers 
make use of plant protection products. This situation raises 
concerns about the sanitary quality of the cultivated 
vegetables, which are intended for both local consumption and 
export. However, these products must comply with 
international standards to ensure safe and healthy consumption. 
In this context, the present study aims to assess the level of 
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contamination of two widely consumed species, Lactuca sativa 
L. (Lactuca sativa ) and Allium schoenoprasum L. (Allium 
schoenoprasum  leaf or chive), by plant protection product 
residues. 
 

MATERIALS AND METHODS 
 
Study Area 
 
Location: The Abidjan metropolitan area is located in 
southeastern Côte d'Ivoire, between latitudes 5°00′ and 5°30′ N 
and longitudes 3°50′ and 4°10′ W. It covers an area of 57,735 
ha and comprises ten municipalities. As the country's largest 
urban center, it exemplifies the rapid demographic growth 
experienced by Côte d'Ivoire, with an estimated population of 
6,187,795 inhabitants [13].  
 
The municipality of Port-Bouët is located in the southern part 
of the Autonomous District of Abidjan. It covers an area of 
approximately 110 km² on the narrow strip of land separating 
the Ebrié Lagoon from the Atlantic Ocean. It is bounded to the 
north by the Ebrié Lagoon, to the south by the Atlantic Ocean, 
and to the west by the municipality of Yopougon. 
 

 
 

Fig 1. Location of the Municipality of Port-Bouët 
 
Physical Characteristics: The present study was conducted at 
a vegetable production site located in the municipality of Port-
Bouët, between the Ébrié Lagoon, the Félix Houphouët-
Boigny International Airport, and the Thomas d’Aquin 
Ouattara Camp (formerly the French military camp of the 43rd 
Marine Infantry Battalion, 43rd BIMa). Commonly referred to 
as the 43rd BIMa belt, this area is a permanently waterlogged 
wetland that provides favorable conditions for year-round 
vegetable cultivation.  
 
Monthly rainfall ranges from 26 mm in January to 610 mm in 
June, while the average air temperature remains relatively 
constant throughout the year at approximately 27°C. 
Furthermore, the Port-Bouët vegetable production site is the 
largest market gardening area in the Abidjan District. It is 
located in the eastern part of the Port-Bouët municipality, 
between 5°16′00″ N and 3°57′30″ W (Figure 2). 
 
Study Material: The study material consisted of Lactuca 
sativa  and Allium schoenoprasum  cultivated at the study site. 
 

 
 

Fig 2. Map of the vegetable production areas in Port-Bouët 
 

Sampling 
 

Collection of Allium schoenoprasum and Lactuca sativa 
 

 
Fig 3. Vegetable crops:  Lactuca sativa and Allium 

schoenoprasum 
 
To assess the levels of pesticide contamination in vegetable 
crops, a targeted sampling approach was conducted on two 
vegetables commonly consumed by local populations: Allium 
schoenoprasum and Lactuca sativa. Samples were collected 
and purchased directly from three vegetable production sites 
(Table 1). These sites were selected based on their high 
agricultural activity and geographical distance from each other 
to ensure adequate spatial representativeness. Sampling was 
carried out on Tuesday, April 29, 2025, between 08:00 and 
10:30 a.m. For each vegetable species, three (03) composite 
samples were prepared from five (05) plots randomly selected 
at each site. On each plot, five (05) mature plant units were 
collected according to the sampling protocol illustrated in 
Figure 4.  
 

 
 

Figure 4.  Sampling scheme for market garden produce samples 
within a bed 

 
The five sub-samples obtained in this way were pooled to form 
a composite sample. From this mixture, an average sample of 1 
kg was taken per product type.  
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The samples were then packaged in food-grade bags with a 
capacity of three (03) litres, in order to prevent secondary 
contamination and limit the photodegradation of pesticide 
residues. Each bag was labelled, placed in a cooler at 4 °C, and 
then transported to the laboratory of the Centre de Recherches 
Océanographiques (CRO) for analysis. 
 

 
 

Figure 5. Sampling and packaging of samples in food-grade bags 
 
Sampling of the phytosanitary product: K-Optimal 
insecticide 
 
Choice of pesticides: The study conducted by Coulibaly 
(2020) was used as a reference for selecting the active 
substance to be analysed. Given the diversity of pesticides 
available and their varying degrees of toxicity, it was important 
to assess the level of contamination of market garden produce. 
Accordingly, the active ingredient most widely used within the 
insecticide class (lambda-cyhalothrin + acetamiprid) was 
targeted. As this substance accounts for more than 35.1% of 
the pesticides used in the study area, its quantification provides 
a reasonably representative measure of the contamination level 
of market garden produce. For pesticide residue analysis, 
sampling focused on the insecticide K-Optimal, whose active 
substances are Lambda-Cyhalothrin (15 g/L) and Acetamiprid 
(20 g/L), formulated as an emulsifiable concentrate (EC). The 
product was purchased directly from licensed vendors 
operating at the various market gardening production sites. 
 
Sample Analysis 
 
Extraction Procedure: Upon arrival at the laboratory, each 
sample was cleaned to remove stems and other impurities, and 
then homogenized using a mortar until a uniform paste was 
obtained. A 10 g aliquot of the homogenized sample was 
weighed into a beaker, and 50 mL of double-distilled water 
was added. The mixture was thoroughly homogenized and 
subsequently filtered through Whatman filter paper. The 
resulting filtrate was transferred into a separatory funnel, to 
which 50 mL of dichloromethane was added. The mixture was 
vigorously shaken and then allowed to stand until complete 
phase separation was achieved. The organic phase (lower 
layer; Figure 6), containing the lipophilic compounds, was 
collected in a 500 mL round-bottom flask. The 
dichloromethane extraction was repeated three consecutive 
times to maximize extraction efficiency. The three organic 
extracts were combined and filtered again through Whatman 
filter paper into a ground-glass round-bottom flask. Finally, the 
solvent was evaporated to dryness using a rotary evaporator 
maintained at a constant temperature of 40 °C. 
 
Sample Cleanup: For sample cleanup, the C18 solid-phase 
extraction (SPE) cartridge was first conditioned with 10 mL of 
methanol. The concentrated sample extract was then passed 
through the C18 cartridge. After complete drying of the 
cartridge, the retained pesticides were eluted from the C18 
sorbent. Subsequently, 5 mL of methanol was added to the  

 
 

Figure 6.  Separatory Funnel Used for Liquid–Liquid Extraction 
 
round-bottom flask containing the residue obtained after 
solvent evaporation. The solution was filtered through a 0.45 
µm membrane disc filter into a test tube. The resulting filtrate 
was transferred into an HPLC vial using a Pasteur pipette for 
pesticide quantification by high-performance liquid 
chromatography (HPLC) (Shimadzu). 
 
Data Processing and Statistical Analysis: The data obtained 
from the analyses of vegetable samples and plant protection 
products were processed using Microsoft Excel and Statistica 
7.0 software. Statistical analyses included correlation tests and 
non-parametric tests. 

RESULTS AND DISCUSSION 
 
RESULTS 
 
Nature of the insecticide used: The chromatogram obtained by 
high-performance liquid chromatography (HPLC) coupled 
with ultraviolet detection at 254 nm enabled the identification 
and quantification of the active ingredients lambda-cyhalothrin 
and acetamiprid. These active compounds were detected in the 
analyzed K-Optimal EC insecticide sample at retention times 
of 3.58 min and 2.78 min, respectively (Figures 7 and 8). The 
retention time corresponds to the time required for a compound 
to elute from the chromatographic column and reach the 
detector. The signal amplitude of 700 millivolts (mV) indicates 
a measurable concentration of these compounds in the 
analyzed sample, suggesting efficient extraction and adequate 
sensitivity of the analytical method used. The chromatogram 
presented in Figure 8 shows the characteristic elution profile of 
acetamiprid. The analysis revealed a dominant 
chromatographic peak, well resolved and clearly defined, with 
an average retention time of 2.78 minutes. 
 
Table 2 presents the nominal composition of two active 
substances, lambda-cyhalothrin and acetamiprid, present in a  
commercial insecticide formulation named K-Optimal EC. The 
analytical results indicate that this formulation contains 15 g/L 
of lambda-cyhalothrin and 20 g/L of acetamiprid. These 
concentrations show that acetamiprid is the predominant 
compound, at a concentration approximately 1.33 times higher 
than that of lambda-cyhalothrin. The designation "technical 
product" associated with the term "EC"  
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Figure 7. Representative chromatogram showing the retention time of lambda-cyhalothrin 

 
Figure 8. Representative chromatographic profile of acetamiprid retention time 

 
Table 1: Presentation of Sampling Stations and Sample Identifiers 

 
Station Geographic Location Allium schoenoprasum Sampling Code Lactuca sativa Sampling code 

Station 1 Port Bouët, Bassam road ASS1 LS S1 
Station 2 Port Bouët airport, exhibition park, right side ASS2 LS S2 
Station 3 Port Bouët airport, exhibition park, left side ASS3 LS S3 

ASS : Allium schoenoprasum station ; LSS : Lactuca sativa station 
 

Table 2. Concentration, limit of detection, and limit of quantification of the active substances 
 

Active Ingredients Concentration (g/L) Detection Limits (µg /L) Quantification(µg /L) 
Lambda Cyhalothrin 15 0,011 0,033 
Acetamiprid 20 0,017 0,051 

 
Table 3: Concentrations of lambda-cyhalothrin and acetamiprid residues in Lactuca sativa  samples 

 
Station Lambda-Cyhalothrine (µg/L) Acétamipride (µg/L) 
LSS1 < 0,011 < 0,017 
LSS2 < 0,011 < 0,017 
LSS3 < 0,011 0,020 
LOD  0,011 0,017 
MRL (Codex Alimentarius 2009)  300 3000 

            LOD (Limit of Detection). MRL (Maximum Residue Limit) 
 

Table 4. Concentrations of Lambda-Cyhalothrin and Acetamiprid Residues in Allium schoenoprasum 
 

Station Lambda-Cyhalothrin (µg/kg) l’Acétamiprid (µg/kg) 
ASS1 0,022 0,037 
ASS2 0,018 0,031 
ASS3 < 0,011 < 0,017 
LOD  0,011 0,017 
MRL (Codex Alimentarius 2009)  5000 3000 

           LOD (Limit of Detection). MRL (Maximum Residue Limit) 
 

Table 4. Pairwise Comparisons of Lambda-Cyhalothrin Concentrations Between Sampling Stations (p<0,05) 
 

 LSS1 LSS2 LSS3 ASS1 ASS2 
LSS2 0,1     
LSS3 0,04 0,28    
ASS1 0,1 0,1 0,04   
ASS2 0,1 0,1 0,04 0,1  
ASS3 0,1 0,1 0,04 0,1 0,1 

 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 min

0

250

500

mV
Detector A Ch1:254nm 

L
a

m
b

d
a

cy
h

a
lo

th
ri

n
e

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 min

0.0

2.5

5.0

7.5
mV

Detector A Ch1:254nm 

1
/A

ce
ta

m
ip

ri
d

e

38300                            Gnagne Agness Essoh Jean Eudes Yves et al. Pesticide residue contamination of vegetables: a case study of the félix  
houphouët-boigny international airport market gardening area 

(côte d'ivoire) 



 
Figure 9. Distribution of samples according to the detection of 

Lambda-Cyhalothrin and Acetamiprid residues 
 

 
 

Figure 10. Significant differences in lambda-cyhalothrin 
concentrations between sampling stations and crop types 

 

 
 

Figure 12. Comparison of acetamiprid concentrations between 
sampling stations and crop types according to the Mann–Whitney 

test 
 
(Emulsifiable Concentrate) indicates that this is a concentrated 
formulation intended to be diluted prior to agricultural or 
phytosanitary application. 
 
Percentage of Detected Samples: Figure 12 illustrates the 
proportion of samples containing lambda-cyhalothrin and 
acetamiprid residues. The results show that 36.59% of the 
samples exhibited detectable contamination, whereas 63.41% 
showed no measurable presence of these compounds, with 
concentrations below the analytical detection limits. 
 
 
Concentrations of Lambda-Cyhalothrin and Acetamiprid 
Residues in Lactuca sativa: Table 5 shows the absence of 
lambda-cyhalothrin in all analyzed Lactuca sativa samples, 
with concentrations below the limit of detection (0.011 µg/L). 
Regarding acetamiprid, only sample S3 exhibited a detectable 
concentration (0.019 µg/L), which remained well below the 
maximum residue limit (MRL) of 3000 µg/kg. 
 

LOD (Limit of Detection). MRL (Maximum Residue Limit) 
 
Concentrations of Lambda-Cyhalothrin and Acetamiprid 
Residues in Allium schoenoprasum: Table 6 reveals the 
presence of lambda-cyhalothrin and acetamiprid residues in 
Allium schoenoprasum from sampling stations S1 and S2, with 
respective concentrations of 0.022 and 0.037 µg/kg at S1, and 
0.018 and 0.031 µg/kg at S2. No residues were detected at 
station S3. The measured concentrations remained well below 
the Codex maximum residue limits (MRLs) of 5000 and 3000 
µg/kg, respectively. 
 
 
LOD (Limit of Detection). MRL (Maximum Residue Limit) 
 
Comparison of pesticide residue concentrations between 
stations and crop types 
 
Lambda-Cyhalothrin: The Mann–Whitney test showed that 
Allium schoenoprasum leaves exhibited significantly higher 
lambda-cyhalothrin concentrations than Lactuca sativa from 
station S3. However, no significant difference was observed 
between Lactuca sativa  from station S2 and Allium 
schoenoprasum leaves from the different sampling stations 
analyzed. 
 
Acétamiprid : The Mann-Whitney test revealed significant 
differences in acetamiprid concentrations between S3 Lactuca 
sativa  and Allium schoenoprasum  leaves from stations S1 and 
S2. The levels measured in S3 Lactuca sativa were markedly 
lower than those in Allium schoenoprasum leaves. No 
significant difference was observed between the other stations, 
indicating relative homogeneity in the contamination levels of 
the samples analysed. 
 

DISCUSSION 
 
Composition of the K-Optimal EC formulation: The 
concentrations of Lambda-Cyhalothrin and Acetamiprid were 
15 g/L and 20 g/L, respectively, for the K-Optimal EC 
insecticide sample. This result is consistent with that reported 
by OUEDRAOGO et al. (2024) in Burkina Faso. In that study, 
the authors used K-Optimal 35 EC, based on Lambda-
Cyhalothrin (15 g/L) + Acetamiprid (20 g/L), to treat plants 
twenty-one (21) days after sowing. 
 
Detection frequency and quantification limits: The study 
also revealed that, overall, residues of the K-Optimal 
insecticide were not detected in 58.3% of the combined 
Lactuca sativa and Allium schoenoprasum leaf samples. This 
result suggests that, although the presence of the pesticide may 
have been suspected, concentrations were too low to be 
reliably quantified. Indeed, the measured values fell within the 
range of instrumental noise, making quantitative interpretation 
uncertain. From a health perspective, this lack of quantification 
is equivalent to a negligible or near-zero presence of lambda-
cyhalothrin and acetamiprid in the samples analysed. 
 
In the remaining 41.7% of samples, lambda-cyhalothrin and 
acetamiprid were detected at concentrations ranging from 
0.0183 µg/kg to 0.0374 µg/kg. These levels are well below the 
maximum residue limits (MRLs) set by Codex Alimentarius 
Commission (2019), namely 5000 µg/kg for lambda-
cyhalothrin and 3000 µg/kg for acetamiprid.  
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These results indicate that the Lactuca sativa and Allium 
schoenoprasum leaves analysed pose no notable health risk in 
relation to these active substances, thereby complying with 
national and international food safety standards. 
 

Comparison with previous studies: These results contrast 
with those of the study conducted by Kpan et al., (2019) at the 
same market gardening site, where 93.33% of samples from 
various crops, including Lactuca sativa , were found to be non-
compliant with respect to lambda-cyhalothrin residues. This 
difference could be explained by the agricultural practices 
observed at the time. According to the authors, producers did 
not comply with good phytosanitary practices, particularly pre-
harvest intervals (PHIs) for agrochemical products.  
 
Moreover, many of the techniques used were not suited to 
market garden crops, which accounted for the high rates of 
non-compliance with MRLs. In contrast, agricultural and 
phytosanitary practices at the site have improved considerably 
in recent years, which may explain the more favourable results 
obtained in the present study. This same observation was made 
by Yapo et al., (2021) in their study on the "Level of 
contamination and health risks associated with the 
consumption of market garden produce in Korhogo, Côte 
d'Ivoire." In that study, the authors showed that the low residue 
values obtained were due, in part, to farmer education and the 
rational use of pesticides, i.e., use in accordance with 
manufacturer recommendations (Bakırcı  et al., 2014). 
 

Differences between crop types: Although none of the 
measured concentrations of Lambda-Cyhalothrin and 
Acetamiprid in Lactuca sativa and Allium schoenoprasum 
leaves exceeded the current regulatory limits, statistical 
comparison tests (Kruskal-Wallis and Mann-Whitney) 
revealed significant differences between the two crop types 
with respect to contamination by these insecticides. 
Specifically, Allium schoenoprasum leaves from stations S1, 
S2 and S3 exhibited significantly higher levels of Lambda-
Cyhalothrin and Acetamiprid residues than those observed in 
Lactuca sativa sampled at station S3 (LSS3). 
 
This difference can be explained by several factors. On the one 
hand, phytosanitary practices tend to be more intensive on 
Allium schoenoprasum , a crop particularly vulnerable to 
insect infestation (FAO, 2015). On the other hand, the 
physicochemical properties of the active substances contribute 
to their differentiated behaviour depending on the crop: 
Lambda-Cyhalothrin, which is lipophilic and non-systemic, 
and Acetamiprid, which is systemic, tend to persist more 
readily on the waxy, tubular leaves of Allium schoenoprasum 
(EFSA et al., 2022; Tomlin, 2009). Finally, the very 
morphology of Allium schoenoprasum favours residue 
retention, in contrast to Lactuca sativa, whose broad leaves are 
more exposed to natural runoff (Nougadère, 2012). These 
findings highlight an increased risk of contamination of Allium 
schoenoprasum leaves, warranting enhanced and more 
rigorous monitoring for this type of crop. 
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