Health Risk Associated With The Consumption Of Pineapple Contaminated With Pesticide Residues At Three Sites In South-Eastern Côte D'ivoire

ABSTRACT
Our study focused on analysing 135 pineapple samples, meticulously collected in the departments of Adiaké and Grand-Bassam during two field campaigns between January-February 2024 (dry season) and June-August 2025 (rainy season). The aim is to inform consumers of pineapple fruit in the event of a potential risk of contamination. The samples were prepared and analysed using a Shimadzu HPLC system. The analysis revealed contamination of the fruit by 17 pesticide residues, including four pyrethroids ; six ureas ; three triazines ; two organochlorines (OCPs) and two carbamates. The calibration curves showed excellent linearity, with an average correlation coefficient (R² ≥ 0.997). Recovery of substances ranged from 65 to 125%, and repeatability ranged from 3 to 11%. The consolidated results confirm that pineapple consumption in this region does not constitute an immediate acute or chronic toxic risk factor. However, due to their particular vulnerability and uncertainties regarding cumulative or repeated effects, it remains essential to adopt a precautionary approach to health management and monitoring of pesticide residues in food products.
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1. INTRODUCTION 
[bookmark: _Hlk210136476]Agriculture is a fundamental pillar of the Ivorian economy, both in terms of employment and food security [1 ; 2]. Among horticultural crops, pineapple occupies a prominent place. Côte d'Ivoire is one of the leading pineapple exporters in West Africa, with production concentrated in regions such as Sud-Comoé, renowned for its favourable agroecological conditions [3 ; 4]. This fruit is widely consumed both locally and internationally for its nutritional qualities, particularly its high vitamin, fibre and antioxidant content [5 ; 4].
However, pineapple production is often threatened by pests (insects, fungi, weeds), which forces producers to resort to the intensive use of chemical pesticides [6 ; 7 ; 8]. These substances, in addition to protecting crops and ensuring better yields, can accumulate in foodstuffs when used in an uncontrolled manner, thereby exposing consumers to health risks. Consumption of fruit contaminated with pesticide residues above the maximum residue limits can, in the long term, have adverse effects on human health, such as neurological and endocrine disorders, carcinogenic effects and effects on reproduction [3]. 
In this context, analysing pesticide residues in pineapples intended for consumption becomes a priority in order to guarantee food safety and protect public health. Our work is part of this approach and focuses on pineapples produced in the south-eastern region of Côte d'Ivoire. The aim is to assess the health risk associated with consuming pineapples contaminated with pesticide residues produced in the region.
2. MATERIALS AND METHODS
2.1. Equipment and products
We carefully collected 135 samples of ripe pineapples, evenly distributed across our three study sites. For the instruments, we used a precision electronic balance with a sensitivity of 1 mg to 0.1 g, as well as a pineapple peeler, an electric blender and an HPLC system. The characteristics of high-performance liquid chromatography are detailed below. The reagents and solvents used in this study include distilled water, 99.9% pure methanol, 99.5% purity sodium tetraborate, 98% purity FMOC (9-fluorenylmethyl chloroformate chloride), and 99.8% purity dichloromethane.



2.2. Study area
 This study was conducted in Côte d'Ivoire in the South Comoé region. It covers an area of 7,189 km², or 2.23% of the country's total area. Located between longitudes 3°12' and 3°45' West and latitudes 5°07' and 5°33' North, it is bordered to the south by the Atlantic Ocean, to the north by the Indénié-Djuablin and Mé regions, to the west by the Autonomous District of Abidjan, and to the east by the Aby Lagoon and the Bia River. It includes the departments of Grand Bassam, Aboisso and Adiaké. This area was chosen because of its high pineapple production. Fig. 1. Study area.
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Fig.  1. Study area.

2.3. Sampling method
Two sampling campaigns were conducted in each locality, each providing 67 samples of the MD2 variety. A total of 135 samples were carefully packed in plastic bags and labelled to ensure accurate identification during analysis. After collection, all samples were stored in a cooler during transport to the laboratory, where they were kept at a temperature of -5°C. 
2.3.1. Sample measurement
2.3.1.1. Extraction 
A quantity of 50 g of each sample was taken in a clean, dry container. Next, 30 mL of distilled water was added to the contents, and the mixture was ground to obtain a homogeneous paste. The paste obtained was mixed in 100 mL of dichloromethane, then stirred for one day. After this step, the mixture was centrifuged and then filtered through Wattman paper. The filtrate was then evaporated at 40°C for 20 minutes. Finally, the residual phase was redissolved in 5 mL of methanol.
2.3.1.2. Purification 
A vacuum pump topped with a pre-activated C18 column enabled us to filter the residues extracted using methanol once again. The filtrate obtained was transferred to vials, which were then introduced into the chromatographic system for quantitative analysis.
2.3.1.3. Identification and quantification
We used an HPLC system equipped with a UV detector to analyse the analytes. The chain includes automatic injection of 20 microlitres of sample, with a mobile phase composed of water and acetonitrile (75:25 v/v) at a flow rate of 1 mL/min, on an Interchrom column (250 x 4.6 mm, 5 µm). The molecules were separated over a maximum period of 15 minutes, with elution assisted by a WATERS 600 gradient pump at 13 MPa. Detection was performed at 254 nm. The compounds were identified based on their retention time. Quantification was performed by comparing the peak areas to calibrations performed with standard solutions.
2.3.2. Glyphosate dosage
2.3.2.1. Extraction 
A mixture of 100 mL of distilled water and 15 g of pineapple pulp was prepared. The mixture was stirred for half an hour. It was then filtered using Wattman paper. The filtrate was evaporated to dryness at 40 °C for 15 minutes. The recovered residues were redissolved in 5 mL of distilled water. 
2.3.2.2. Purification 
A 1 mL aliquot of the residue obtained was taken and transferred to a 50 mL Falcon tube, to which 1 mL of FMOC and 1 mL of sodium tetraborate were added. The mixture was homogenised and then shaken for half an hour away from light. Finally, the contents were centrifuged and the supernatant was collected and transferred to vials for analysis.
2.3.2.3. Identification and quantification
The methodology described above in 2.3.3 was used for identification and quantification.
2.3.3. Calibration and quantification
The calibration curves for the analytes were plotted using reference standards. The chromatographic peak areas of the samples and standard solutions enabled us to quantify the active substances present in the extracts. The analytical method was validated by evaluating the performance parameters of linearity (greater than or equal to 0.997), detection and quantification limits, recovery rates and coefficients of variation. The recovery of substances ranged from 65 to 125% and repeatability was between 3 and 11%. 
Table 1. Recovery rates (%) and coefficients of variation (CV in %) of active substances.




	
Molecules 
	Recovery rate (%)                                Repeatability (CV%)

	
	0.03 mg/kg                0.05 mg/kg          0.03 mg/kg        0.05 mg/kg                          

	Glyphosate
	    90                             81                       4.5                       3.0

	 Cypermethrin
	   102                            70                       4.8                       7.2

	Deltamethrin
	   84                              75                       3.0                       7.3

	Lambda-cyhalothrin
	   119                            107                     10.1                     8.8

	Fenuron
	   84                              80                       8.9                       3.5

	Monuron
	   85                              84                       7.8                       8.7

	Isoproturon
	   112                            105                     6.4                       5.1

	Chlortoluron
	   84                              82                       8.0                        4.5

	Buturon
	   80                               84                      11.0                      9.5

	Aldicarb
	  72                                74                      9.0                        5.5

	Chlorpropham
	  105                              106                    7.1                        6.0

	Profenofos
	  100                               98                      7.4                       6.2

	Metazachlor
	  79                                90                       4.2                        5.0

	Cyanazine
	  90                                89                        4.8                       6.0

	Propazine
	  93                                95                        5.0                       6.3

	Linuron
	  nd                                nd                        nd                        nd

	Prometryn
	  90                                96                        4.4                       6.5




The detection and quantification limits for the main groups of pesticides analysed ranged from 0.001 to 0.009 mg/kg and from 0.002 to 0.009 mg/kg, respectively.
2.3.4. Statistical analysis (data processing)
We first performed Pearson's correlation test to identify any linear relationships between the different residual pesticide molecules detected in our samples. Subsequently, the application of Principal Component Analysis (PCA) using STATISTICA software reduced the dimensionality of the data while retaining more than 83% of its variance. Interpretation of the correlation circle confirmed the results of the Pearson test, revealing significant correlations between certain pesticides.

3. RESULTS AND DISCUSSION
3.1. Qualitative analysis
Chromatographic analysis of the samples confirmed the presence of pesticide residues, identified by comparing their retention times with those of the standards. Table 2. Pesticide residues detected during the identification phase.

	Molecules
	Standards
	Assé
	Toumanguié
	Samo

	
	Time (min)
	Time (min)
	Time (min)
	Time (min)

	Glyphosate
	4.2
	4.3
	4.2
	4.2

	Chlorpropham
	7.0
	6.8
	6.8
	7.0

	Aldicarb
	11.5
	12.0
	11.5
	11.5

	Profenofos
	3.2
	3.2
	3.2
	3.2

	Metazachlor
	3.2
	3.2
	3.2
	3.3

	Cypermethrin
	2.6
	2.6
	2.6
	2.6

	Deltamethrin
	4.1
	4.1
	4.1
	4.2

	λcyhalothrin
	2.6
	2.7
	2.6
	2.6

	Isoproturon
	14.5
	14.0
	14.0
	14.1

	Cyanazine
	9.0
	8.9
	8.9
	8.9

	Prometryn
	11.0
	11.5
	11.5
	11.5

	Monuron
	9.5
	9.2
	9.2
	9.2

	Buturon
	9.6
	9.5
	9.5
	9.5

	Propazine
	6.0
	6.0
	6.0
	6.0

	Fenuron
	7.1
	7.0
	7.0
	7.1

	Chlortoluron
	2.0
	2.1
	2.1
	2.0

	Linuron
	2.2
	2.3
	2.3
	2.3




3.2. Quantitative analysis
The study revealed the presence of pesticide residues in pineapples from the South Comoé region, with concentration levels significantly influenced by the season, particularly between the dry season and the rainy season.
 Table 3. Average levels of pesticide residues detected in pineapple fruit from different study areas during the 
	Molecules
	Rainy season
	Dry season

	
	Assé
(mg/kg)
	Toumanguié
(mg/kg)
	Samo
(mg/kg)
	Assé
(mg/kg)
	
	Toumanguié
(mg/kg)
	
	Samo
(mg/kg)
	

	Glyphosate
	0.008
	0.008
	0.01
	0.008
	
	0.008
	
	0.013
	

	Aldicarb
	0.002
	0.004
	0.003
	0.004
	
	0.005
	
	0.006
	

	Profenofos
	0.003
	0.003
	0.004
	0.004
	
	0.004
	
	0.007
	

	Metazachlor
	0.007
	0.008
	0.007
	0.007
	
	0.008
	
	0.007
	

	Cypermethrin
	0.002
	0.005
	0.005
	0.005
	
	0.007
	
	0.006
	

	Deltamethrin
	0.006
	0.005
	0.004
	0.006
	
	0.007
	
	0.006
	

	λcyhalothrin
	0.005
	0.006
	0.006
	0.006
	
	0.007
	
	0.007
	

	Isoproturon
	0.008
	0.007
	0.007
	0.008
	
	0.007
	
	0.007
	

	Cyanazine
	0.005
	0.004
	0.002
	0.006
	
	0.006
	
	0.005
	

	Prometryn
	0.008
	0.008
	0.007
	0.008
	
	0.008
	
	0.008
	

	Monuron
	0.004
	0.005
	0.003
	0.004
	
	0.006
	
	0.005
	

	Buturon
	0.005
	nd
	0.003
	0.006
	
	0.002
	
	0.005
	

	Propazine
	0.006
	0.006
	0.004
	0.007
	
	0.007
	
	0.004
	

	Fenuron
	0.007
	0.005
	0.006
	0.007
	
	0.006
	
	0.007
	

	Chlortoluron
	0.004
	0.005
	0.005
	0.005
	
	0.007
	
	0.006
	

	Linuron
	0.007
	0.005
	0.005
	0.008
	
	0.006
	
	0.007
	


two seasons.



A comparative analysis of the average concentrations of pesticide residues present in samples from the three areas studied highlights significant variability in both space and time. This variability reflects differences in local plant protection practices. The residues identified belong mainly to the herbicide and insecticide families [9 ; 10], indicating the combined use of substances to control weeds and pests.
From a spatial perspective, samples from Assé generally show low concentrations, ranging from 0.007 to 0.008 mg/kg for molecules such as glyphosate, isoproturon and metazachlor. This situation reflects moderate and relatively consistent use of plant protection products in this locality. In Toumanguié, residue levels are more dispersed, ranging from 0.002 to 0.008 mg/kg, reflecting contextual variability probably linked to differences in the frequency, dose or nature of the treatments applied, as well as soil composition. The Samo area is characterised by consistently higher concentrations, particularly for glyphosate, whose value rises from 0.010 mg/kg in the rainy season to 0.013 mg/kg in the dry season. This trend indicates a probable intensification in herbicide use, likely in response to high weed pressure or more aggressive weed management, which is accentuated during dry periods.
In terms of timing, a comparison between seasons reveals a general increase in pesticide residues during the dry season in all locations. This increase can be explained by several factors : reduced leaching by rainfall, increased stability of molecules in dry conditions, and prolonged or repeated use of plant protection products during this period. Certain highly persistent substances, such as glyphosate, prometryn and isoproturon, maintain almost constant levels between the wet and dry seasons, demonstrating their prolonged bioavailability and chemical stability in the plant environment. The Samo area, in particular, shows marked persistence, reflecting the cumulative effect of successive treatments and possible accumulation in plant biomass.
3.3. Statistical analyses
3.3.1. Correlation between the molecules studied (Pearson's test)

As part of this study, Pearson's correlation test was applied to analyse potential associations between the pesticides detected in order to evaluate phytosanitary practices and understand pesticide contamination profiles. The results indicate that the majority of pesticides show statistically significant correlations (p-value = 0.014). In particular, a strong positive correlation (r ≥ 0.8) was observed between fenuron, profenofos, linuron, lambda-cyhalothrin and metazachlor (Table 4, Box A). Moderate correlations were also observed between isoproturon and aldicarb, as well as between cypermethrin and deltamethrin. A relatively high correlation (r ≥ 0.7) was found between prometryn, chlortoluron, monuron and buturon (Table 4, Box B), suggesting common application behaviours or practices. In contrast, propazine shows a negative correlation with metazachlor and deltamethrin. In addition, significant negative correlations were observed between isoproturon, aldicarb, fenuron and other pesticides such as chlorotoluron, buturon, prometryn and monuron (Table 4, Box C), potentially reflecting different contamination profiles
Table 4 : Correlation matrices between detected pesticides
[bookmark: _Hlk206279019] 
Isoproturon
Aldicarb
Fenuron
Profenofos
Linuron
λcyhalothrin
Metazachlor
Cypermethrin
Deltamethrin
Isoproturon
1








Aldicarb
0.560
1







Fenuron
0.606
0.520
1






Profenofos
0.588
0.753
0.827
1





Linuron
0.591
0.520
0.912
0.999
1




λcyhalothrin
0.611
0.502
0.908
0.949
0.919
1



Metazachlor
0.587
0.397
0.623
0.818
0.920
0.964
1


Cypermethrin
0.515
0.651
0.621
0.945
0.934
0.599
0.919
1

Deltamethrin
0.565
0.545
0.628
0.569
0.822
0.897
0.912
0.530
1





 
Propazine
Chlortoluron
Cyanazine
Prometryn
Monuron
Buturon
Metazachlor
Cypermethrin
Deltamethrin
Propazine
1








Chlortoluron
0.698
1







Cyanazine
0534
0.663
1






Prometryn
0.503
0.939
0.574
1





Monuron
0.706
0.959
0.570
0.964
1




Buturon
0.532
0.961
0.553
0.987
0.778
1



Metazachlor
-0.258
0.798
0.925
0.555
0.568
0.585
1


Cypermethrin
0.572
0.707
0.949
0.528
0.593
0.524
0.719
1

Deltamethrin
-0.443
0.765
0.858
0.615
0.509
0.634
0.912
0.530
1

 
Isoproturon
Aldicarb
Fenuron
Profenofos

Cyanazine
Chlortoluron
Buturon
Prometryn
Monuron
Isoproturon
1









Aldicarb
0.560
1








Fenuron
0.606
0.820
1







Profenofos
0.588
0.853
0.827
1






Cyanazine
-0.028
0.675
0.512
0.842

1




Chlortoluron
-0.157
-0.151
-0.037
0.539

0.863
1



Buturon
-0.113
-0.361
-0.199
0.430

0.553
0.961
1


Prometryn
-0.013
-0.442
-0.187
-0.045

0.274
0.939
0.987
1

Monuron
-0,316
-0,309
-0,125
0,063

0,570
0,959
0,878
0,864
1







A







B








C




3.3.2. Principal component analysis PCA
Principal component analysis (PCA) is an essential multivariate method for processing complex data involving several correlated variables. For our study, it was performed for the 16 pesticide residues detected, taking into account the sites and seasons. Table 5 of eigenvalues shows that most of the information is explained mainly by the first two factor axes, Fact 1 and Fact 2, which represent more than 83% of the inertia of the pesticide residue levels encountered. 
 Table 5. Eigenvalues.

	
	F1
	F2
	F3
	F4
	F5

	Eigenvalues
	8.488
	4.909

	2.023

	0.352

	0.226


	Variabilite (%)
	53.051

	30.681

	12.646

	2.205

	1.413


	Accumulated (%)
	53.051

	83.733

	96.380

	98.586

	100.000





The main axes of the correlation circle together explain 83.73% of the total variance, with 53.05% for the factorial axis (Fact 1) and 30.68% for the factorial axis (Fact 2) respectively. This significant proportion indicates that the two-dimensional representation retains most of the information contained in the samples [11]. This approach enabled us to identify the correlation relationships between the different molecules, as shown in Figure 2.
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Figure 2. Correlation circle 

The correlation circle clearly shows that glyphosate, cyanazine, chlortoluron, buturon, prometryn, propazine and monuron are positively correlated with the second principal component Fact 2 (30.68%), unlike isoproturon, aldicarb, fenuron, profenofos, linuron and lambda-cyhalothrin, which are negatively associated with this axis. These observations confirm Pearson's test performed on these molecules (Table 4). This correlation suggests a combined application aimed at simultaneously controlling weeds and pests in tropical agricultural systems [12 ; 13]. 
The main component Fact 2 essentially defines a family of pesticides called herbicides. The Fact 1 axis (53.05%) accounts for more than half of the two-dimensional information in the data. On this axis, we observe pesticides such as isoproturon, aldicarb, fenuron, profenofos, linuron, permethrin, metazachlor, permethrin, deltamethrin and lambda-cyhalothrin positively correlated with each other. The axes defined by these substances are close to the correlation circle and contribute significantly to the constitution of the Fact 1 axis. With the exception of linuron and fenuron, these pesticides belong to a second family of pesticides, namely insecticides. According to experimental data from quantitative analysis, concentrations during the dry season are higher than those found during the rainy season. Based on this approach, we can say that the main axis Fact 1 (53.05%) reflects the dry season.
[bookmark: _Hlk207316049]The rainy season is described by the main axis Fact 2. The generally higher pesticide concentrations in the dry season can be explained by reduced leaching and photochemical degradation, conditions that favour the persistence of residues [14]. The increased concentrations of insecticides in the dry season could be linked to increased pest pressure, particularly from pests such as scale insects and mealybugs, which proliferate in dry conditions (FAO, 2017). These observations confirm that seasonality has a significant influence on the frequency and nature of phytosanitary treatments, as well as on the environmental dynamics of residues in pineapple production systems in tropical contexts. In terms of health, these results suggest that consumers' potential exposure to pesticide residues fluctuates depending on the harvest period.
3.4. Health risk assessment
As part of this study, in order to assess the risks in the most critical scenarios, the daily intake was set at 200 g or 0.2 kg per person, in accordance with FAO/WHO recommendations (2021). This maximum consumption is assumed to be equivalent for children and adults, thus allowing the risks associated with excessive pineapple consumption to be assessed. The estimated daily intake (EDI) is calculated by incorporating local pineapple consumption data and the average contents obtained. The formula used for the calculation is as follows :
               (1)
C : the average concentration of the pesticide in the sample (mg/kg); Q: the average amount of pineapple consumed per day (kg/day); BW: the average body weight of a consumer (kg). Body weight will be set at 60 kg for adults in accordance with FAO/WHO guidelines (2017) and at 42 kg for children aged 0 to 14 years [15 ; 16 ; 17].
3.4.1. Danger quotient
The HQ is an essential factor in ensuring food safety and public health in relation to contaminants. It is determined specifically for the oral exposure route according to the following formula : 

 
                        (2)
                 (3)
Where EDI : Daily Exposure Dose (mg/kg/day); ADI: Acceptable Daily Intake (mg/kg/day) and HI: represents the total risk associated with combined exposure to several pesticides.
Table 6. Average cumulative concentrations of pesticide residues detected in samples from Assé and some health risk parameters.

	

Molecules
	
C
(mg/kg
	
Q
(kg/j)
	EDI
(mg/kg pc/j)
	
ADI
(mg/kg pc/j)
	HQ

	
	
	
	Adult (60 kg)
	Child
(42 kg)
	
	Adult
(60 kg)
	Child
(42 kg)

	Glyphosate

	
 0.008

	
0.2
	
2.3×10-5
	
3.3×10-5
	0.3
(UE. 2002)
(WHO. 2004)
	
0.0008
	
0.0001

	Aldicarb
	0.004
	
0.2
	
1.3×10-5
	
1.9×10-5
	0.003
(WHO. 2009
	
0.0043
	
0.0063

	Profenofos

	
0.004

	
   0.2
	
1.3×10-5
	
1.9×10-5
	0.03
(FAO/WHO 2009)
	
0.0004
	
0.0006

	Metazachlor
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.08
 (EFSA. 2008)
	
0.0003
	
0.0004

	Cypermethrin
	0.005
	
0.2
	
1.6×10-5
	
2.3×10-5
	0.05 (FAO/WHO.2009)
	
0.0003
	
0.0005

	Deltamethrin

	
 0.006

	
0.2
	
2.0×10-5
	
2.8×10-5
	0.01 (FAO/WHO 2000)
	
0.0020
	
0.0028

	λcyhalothrin
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	0.0025 (EFSA. 2005)
	
0.0080
	
0.0112

	Isoproturon
	0.008
	
0.2
	
2.6×10-5
	
3.8×10-5
	0.003
(WHO. 2004)
	
0.0086
	
0.0130

	
Cyanazine
	0.006

	
0.2
	
2.0×10-5
	
2.8×10-5
	0.0025
(WHO. 2009)

	
0.0080
	
0.0112

	Prometryn
	0.008
	
0.2
	
2.6×10-5
	
3.8×10-5
	0.004 (AFSSA. 2007
	
0.0065
	
0.0095

	
Monuron
	
0.004
	

0.2
	

1.3×10-5
	

2.0×10-5
	
0.003
(AFSSA. 2007)
	

0.0043
	

0.0066

	Buturon
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	
nd
	
nd
	
nd

	Propazine
	0.007
	
0.2
	
2.5×10-5
	
3.3×10-5
	0.02
(EPA. 1990)
	
0.0013
	
0.00016

	Fenuron
	0.007
	
0.2
	
2.5×10-5
	
3.3×10-5
	
nd
	
nd
	
nd

	Chlortoluron
	0.005
	
0.2
	
1.6×10-5
	
2.3×10-5
	0.0113
(WHO. 2004)
	
0.0014
	
0.0020

	Linuron
	0.008
	
0.2
	
2.6×10-5
	
3.8×10-5
	0.003
(UE. 2003)
	
0.0087
	
0.0127

	
	
HI=0.054
	
HI=0.076



Table 7. Average cumulative concentrations of pesticide residues detected in samples from Toumanguié and some health risk parameters.
	

Molecules
	
C
(mg/kg
	
Q
(kg/j)
	EDI
(mg/kg pc/j)
	
ADI
(mg/kg pc/j)
	
HQ

	
	
	
	Adult (60 kg)
	Child
(42 kg)
	
	Adult
(60 kg)
	Child
(42 kg)

	Glyphosate

	
 0.008

	
0.2
	
2.6×10-5
	
3.8×10-5
	0.3
(UE. 2002)
(WHO. 2004)
	
0.00008
	
0.0001

	Aldicarb
	0.005
	
0.2
	
1.6×10-5
	
2.3×10-5
	0.003
(WHO. 2009
	
0.0053
	
0.0077

	Profenofos

	
0.004

	
   0.2
	
1.3×10-5
	
1.9×10-5
	0.03
(FAO/WHO 2009)
	
0.0004
	
0.0006

	Metazachlor
	0.008
	
0.2
	
2.6×10-5
	
3.8×10-5
	0.08
 (EFSA. 2008)
	
0.0003
	
0.0005

	
Cypermethrin
	
0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	
0.05 (FAO/WHO.2009)
	
0.0005
	
0.0007

	Deltamethrin

	
 0.007

	
0.2
	
2.3×10-5
	
3.3×10-5
	0.01 (FAO/WHO. 2000)
	
0.0023
	
0.0033

	λcyhalothrine
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.0025 (EFSA. 2005)
	
0.0092
	
0.0132

	Isoproturon
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.003
(WHO. 2004)
	
0.0076
	
0.0110

	Cyanazine
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	0.0025
(WHO. 2009)
	
0.0080
	
0.0112

	Prometryn
	0.008
	
0.2
	
2.6×10-5
	
3.8×10-5
	0.004 (AFSSA. 2007
	
0.0065
	
0.0095

	
Monuron
	  0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	     0.003
(AFSSA. 2007)
	
0.0067
	
0.0093

	Buturon
	0.002
	
0.2
	
6.0×10-6
	
9.0×10-6
	
nd
	
nd
	
nd

	Propazine
	0.007
	
0.2
	
2.5×10-5
	
3.3×10-5
	0.02
(EPA. 1990)
	
0.0013
	
0,0002

	Fenuron
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	
nd
	
nd
	
nd

	Chlortoluron
	0.007
	
0.2
	
2.5×10-5
	
3.3×10-5
	0.0113
(WHO. 2004)
	
0.0022
	
0,0029

	Linuron
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	0.003
(UE. 2003)
	
0.0067
	
0,0093

	
	
HI=0.057 
	
HI=0.079



Table 8. Average cumulative concentrations of pesticide residues detected in samples from Samo and some health risk parameters
	

Molecules
	
C
(mg/kg
	
Q
(kg/j)
	EDI
(mg/kg pc/j)
	
ADI
(mg/kg pc/j)
	
HQ

	
	
	
	Adult (60 kg)
	Child
(42 kg)
	
	Adult
(60 kg)
	Child
(42 kg)

	Glyphosate

	
 0.013

	
0.2
	
4.3×10-5
	
6.2×10-5
	0.3
(UE. 2002)
(WHO. 2004)
	
0.0001
	
0.0002

	Aldicarb
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	0.003
(WHO. 2009
	
0.0067
	
0.0093

	Profenofos

	
0.007

	
   0.2
	
2.3×10-5
	
3.3×10-5
	0.03
(FAO/WHO. 2009)
	
0.0008
	
0.0011

	Metazachlor
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.08
 (EFSA. 2008)
	
0.0003
	
0.0004

	
Cypermethrin
	
0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	
0.05 (FAO/WHO.2009)
	
0.0004
	
0.0006

	Deltamethrin

	
 0.006

	
0.2
	
2.0×10-5
	
2.8×10-5
	0.01 (FAO/OMS. 2000)
	
0.0020
	
0.0028

	λcyhalothrin
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.0025 (EFSA. 2005)
	
0.0092
	
0.0132

	Isoproturon
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.003
(WHO. 2004)
	
0.0076
	
0.0110

	Cyanazine
	0.005
	
0.2
	
1.6×10-5
	
2.3×10-5
	0.0025
(WHO. 2009)
	
0.0064
	
0.0092

	Prometryn
	0.008
	
0.2
	
2.6×10-5
	
3.8×10-5
	0.004 (AFSSA. 2007
	
0.0065
	
0.0095

	
Monuron
	  0.005
	
  0.2
	
1.6×10-5
	
2.3×10-5
	     0.003
(AFSSA. 2007)
	
0.0067
	
0.0093

	Buturon
	0.005
	
0.2
	
1.6×10-5
	
2.3×10-5
	
nd
	
nd
	
nd

	Propazine
	0.004
	
0.2
	
2.5×10-5
	
3.3×10-5
	0.02
(EPA. 1990)
	
0.0013
	
0.0002

	Fenuron
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	
nd
	
nd
	
nd

	Chlortoluron
	0.006
	
0.2
	
2.0×10-5
	
2.8×10-5
	0.0113
(WHO. 2004)
	
0.0018
	
0.0025

	Linuron
	0.007
	
0.2
	
2.3×10-5
	
3.3×10-5
	0.003
(UE. 2003)
	
0.0077
	
0.0110

	
	
HI=0.058 
	
HI=0.080




Tables 6, 7 and 8 shows the average concentrations (C) of pesticide residues found in pineapple samples, as well as the acceptable daily intakes (ADI), the acceptable daily intakes (ADI), the hazard indices (HI) and the hazard quotients (HQ) calculated for adults (60 kg) and children (42 kg).
Analysis of the hazard indices reveals that, for all the pesticides identified, the individual QDs remain well below the critical value of 1 for both the adult population and children. In addition, the cumulative risk indices (HI), obtained by summing the QDs, vary between 0.054 and 0.058 for adults and between 0.076 and 0.080 for children, depending on the site. The predominant compounds contributing to QDs are mainly isoproturon, linuron, cyanazine and λ-cyhalothrin, with QDs for children ranging from 0.0001 to 0.0132 depending on the site. Other pesticides, such as glyphosate, metazachlor, cypermethrin, profenofos, deltamethrin and certain triazines (cyanazine, prometryn, propazine), have significantly lower QDs. These variations can be attributed to specific cultivation practices, such as the dose applied or the time before harvest. The consolidated results confirm that pineapple consumption in this region does not pose an immediate acute or chronic toxic risk. Some substances have a particularly concerning toxicological profile and warrant special attention. 
Studies conducted on Xenopus tropicalis have shown that exposure to linuron can induce feminisation of males and reduced fertility [18 ; 19 ; 20]. Isoproturon, whose endocrine-disrupting and cytogenetic effects have been reported in numerous studies, highlights the importance of regular monitoring, even at low concentrations, due to its persistence in the environment [21]. Pyrethroids (λ-cyhalothrin, deltamethrin, cypermethrin), which are neurotoxic to insects, have the potential to cause mild neurobehavioural effects in humans following repeated exposure, even though the measured QDs remain low [22 ; 23 ; 24]. With regard to glyphosate, controversy remains as to its carcinogenic potential [25 ; 26 ; 27 ; 28]. The low exposure measured, particularly in children, is reassuring.
4.CONCLUSION 
The assessment of the health risk associated with the consumption of pineapples contaminated with pesticide residues, conducted at three sites in South-East Côte d'Ivoire, indicates that at a daily consumption of 200 g, no pesticide exceeds the critical toxicity threshold. This suggests a significant margin of safety. The cumulative risk indices (HI) are low for both adults and children, which is reassuring. However, due to their greater vulnerability and uncertainties regarding cumulative or repeated effects, it remains essential to adopt a cautious approach. Furthermore, the presence of substances that are potentially endocrine disruptors (linuron, isoproturon) and neurotoxic compounds, such as certain pyrethroids and carbamates, highlights the need for enhanced monitoring.
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ABBREVIATIONS
FAO Food and Agriculture Organisation
FMOC 9-fluorenylmethoxycarbonyl
HPLC Chromatographie Liquide à Haute Performance
MRL Maximum Residue Limit
TR Retention Time
WHO World Health Organisation
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