Sanitary quality of lettuce (Lactuva sativa L.) and mint (Mentha spicata L.) grown at the Dogona market garden in Burkina Faso


Abstract 
Background : Consumption of vegetables irrigated with wastewater from the Houet backwater exposes the population to significant health risks. 
Aim: This study was conducted to assess the sanitary quality of vegetables produced at the Dogona site.  
Methodology: A total of 24 samples of lettuce (Lactuva sativa L.) and mint (Mentha spicata L.) were taken at random from the Dogona market garden site. The heavy metal concentrations in the plants sampled were analysed by atomic absorption spectrometry on the dried vegetables. 
Results: The results obtained showed a significant accumulation of heavy metals. Indeed, mint accumulated more heavy metals than lettuce. The average concentrations in mg/kg DM of Cr, Fe and Pb in mint were 3.96, 1896 and 0.64, respectively. Meanwhile, the concentrations found in lettuce were 3.25 for Cr, 1522.38 for Fe and 4.04 for Pb. These values greatly exceeded the thresholds recommended by the Codex Alimentarius, set at 2.3 mg/kg for chromium, 425.5 mg/kg for iron and 0.3 mg/kg for lead. 
Conclusion : The presence of heavy metals in lettuce and mint grown at the Dogona site compromises the safety of these foods.
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Introduction
Africa will have to meet a demand for food that will double by 2050 compared to today. To meet this challenge, many countries, including Burkina Faso, as well as international organisations such as the FAO, IFAD, WFP and the World Bank, are promoting the concept of food sovereignty [1]. Food sovereignty encompasses the notion of food security, which emphasises access to, availability and quality of food [1]. Urban agriculture, through market gardening, plays a significant role in supplying the urban population with market garden produce and, more generally, in achieving self-sufficiency and food security [2, 3]. In addition to using wastewater for irrigation, producers use chemical and organic fertilisers and pesticides to increase agricultural yields and control pests [4]. However, these agricultural practices can harm the health and properties of soil, water resources and crops [5, 6]. Wastewater and agricultural fertilisers can contain numerous pollutants such as suspended solids, pathogenic microorganisms and a variety of chemicals such as heavy metals and pesticides, which can affect the quality of cultivated vegetables [7]. Consumption of contaminated vegetables could pose a threat to public health [8].
Scientific studies have shown that even if wastewater undergoes basic treatment before reuse, it remains a significant reservoir for various pollutants, including pathogenic microorganisms (bacteria, viruses, parasites), suspended solids (SS) and organic matter, as well as chemicals [9]. Furthermore, other research has explored the use of wastewater for vegetable production [10], as well as non-conformities detected in its physicochemical and microbiological quality [11]. In Burkina Faso, the ability of certain local species such as lettuce and lemongrass to accumulate heavy metals has also been demonstrated [12, 13]. However, the presence of trace metal elements (TMEs) in plants enables them to protect themselves against certain parasites and pathogens [14]. Recent studies on the quality of horticultural products have revealed concentrations of microorganisms and metals that exceed standards [15, 16, 17]. The results of this research show that agricultural practices have significant negative impacts on horticultural production. It is therefore necessary to consider the means and strategies to be put in place to ensure safe horticultural production that protects public health and product quality [18]. This study was initiated to answer this question and aims to assess the sanitary quality of Lactuva sativa L and Mentha spicata L grown on the Dogona market garden site in western Burkina Faso.
1. Materials and methods
1.1. Study area
Located in western Burkina Faso, the city of Bobo Dioulasso, also known as the city of Sya, our study area, is the capital of the Houet province and the Hauts Bassins region. Bobo-Dioulasso has a Sudanese climate, characterised by a long dry season from October to April, during which maximum temperatures exceed 38°C on average [19]. This period is influenced by the harmattan, dry winds from the east that carry hot air to the region. The rainy season lasts from May to September. The local vegetation consists mainly of wooded savannahs, as well as savannahs with trees and shrubs [19]. The Dogona market garden site is located on hydromorphic pseudogley soils, dominated by ferralitic soils [20].
1.2. Vegetable sampling plan
Four sampling sites (P1, P2, P3, P4) were selected along the irrigated perimeter, with P1 and P2 located upstream of the sewage treatment plant discharge point (P6) and P3 and P4 located downstream (Table 1). The sites were chosen based on the density of market gardeners and potential sources of pollution. Lettuce and mint were chosen for study because these crops are the most widely grown on the site and the health risk appears to be higher as they are consumed raw. Vegetable sampling was carried out over three campaigns corresponding to three seasons, namely the hot dry season, the rainy season and the cold dry season. A total of 24 samples were taken, including 8 samples per campaign, with 4 samples of lettuce (Lactuva sativa L.) and 4 samples of mint (Mentha spicata L.) per site, following a stratified random sampling method [21, 22]. During each vegetable sampling campaign, random sampling of one lettuce plot and one mint plot belonging to the same market gardener was carried out at each sampling site (P1, P2, P3 and P4) (Table 1). 
Table 1: Geographical coordinates of sampling sites and plots
	Code
	Coordinates of sampling sites in UTM
	Coordinates of plots sampled in UTM

	P1
	743787.127E 9526233.021N 32M
	P1M1
	743779.246E 9526245.78N 32M

	
	
	P1M2
	743782.712E 9526273.082N 32M

	
	
	P1M3
	743769.268E 9526274.415N 32M

	
	
	P1M4
	743750.685E 9526296.127N 32M

	
	
	P1M5
	7437729.83E 9526284.561N 32M

	P2
	745205.096E9526459.117N 32M
	P2M1
	745304.81E 9526475.545N 32M

	
	
	P2M2
	745266.81E 9526515.278N 32M

	
	
	P2M3
	745243.803E 9526488.32N 32M

	
	
	P2M4
	745212.746E 9526474.162N 32M

	
	
	P2M5
	745251.717E 9526456.206N 32M

	P3
	745244.185E9526343.341N 32M
	P3M1
	745282.193E 9526388.165N 32M

	
	
	P3M2
	745307.406E 9526382.23N 32M

	
	
	P3M3
	745303.038E 9526342.398N 32M

	
	
	P4M4
	745263.15E 9526346.384N 32M

	
	
	P5M5
	745361.104E 9526372.385N 32M

	P4
	745813.563E 9526325.637N 32M
	P4M1
	745731.667E 9526353.661N 32M

	
	
	P4M2
	 745736.88E 9526285.803N 32M

	
	
	P4M3
	745801.897E 9526377.397N 32M

	
	
	P4M4
	 745765.53E 9526304.913N 32M

	
	
	P4M5
	745799.155E 9526335.502N 32M


Legend: P1: 1st sampling site; P2: 2nd sampling site; P3: 3rd sampling site; P4: 4th sampling site; M1: Market gardener no1; M2: Market gardener no2; M3: Market gardener no3; M4: Market gardener no4

1.3. Trace metal element (TME) analyses
The vegetables were washed with distilled water to remove soil particles, then dried in an oven at 50°C for 72 hours until their weight remained constant. The dry leaves were crushed using a ceramic mortar and pestle to obtain a powder with a particle size of < 125 microns. The powders obtained were stored in Kraft envelopes until analysis. The samples were digested using a wet method according to the AOAC method [23]. 5 g of dry sample was digested with nitric acid and hydrochloric acid. The digestates were filtered through Whatman paper and diluted with distilled water. The clear filtrates were transferred to test tubes for the determination of trace metal elements (TMEs). The TME concentrations in the samples were determined using a Varian SpectrAA-240 FS atomic absorption spectrometer. 
1.4. Statistical processing and analysis
XLSTAT 2016.02.27444 software was used for variance analysis. Fisher's test was used to compare means when variance analysis revealed significant differences between treatments at a 5% probability threshold [24]. Principal component analysis (PCA) was used to study variability within plant material, sites and campaigns studied, and to form groups. The multidimensional statistical method used for the relationships between ETMs was principal component factor analysis (PCA) with XLSTAT 2016.02.27444 software on centred-reduced data. The relationships between the eight (08) ETM parameters were analysed. They were introduced into the PCA as active variables or explanatory variables: Cu, Fe, Zn, Ni, Cr, Co, Pb, Mn.
2. Results
2.1. Chemical analysis of vegetables
2.1.1. Determination of heavy metals in vegetables
Table 2 shows the different concentrations of heavy metals found in vegetables. Mint accumulated the majority of the heavy metals analysed (Cu, Fe, Mn, Pb, Ni, Cr) compared to lettuce. Lettuce, on the other hand, had higher levels only in Zn and Co. In fact, mint (7.32 mg/kg) accumulated significantly 1.5 times more copper than lettuce (4.86 mg/kg), with a concentration difference of 58.84%. Iron was present in high levels in both vegetables, but mint had higher concentrations of 1,896.78 mg/kg than lettuce, with a value of 1,522.38 mg/kg. Zinc was higher on average in lettuce (48.34 mg/kg) than in mint (38.75 mg/kg), with a concentration difference of 9.59 mg/kg. Mint had an average manganese concentration of 145.52 mg/kg, higher than that of lettuce, which was 113.74 mg/kg, a concentration difference of +31.78 mg/kg. For lead, mint, with a concentration of 0.64 mg/kg, exceeded lettuce, which had a value of 0.46 mg/kg. Nickel is slightly more concentrated in mint (1.25 mg/kg) than in lettuce (1.1 mg/kg).
Table 2: Estimated averages in mg/kg of TMEs in vegetables  
	Variable
	LTU : Lactuva sativa
	MTH : Mentha spicata

	
	Minimum
	Maximum
	Average
	Standard deviation
	Minimum
	Maximum
	Average
	Standard deviation

	Cu
	2.20
	6.80
	4.87
	1.30
	2.90
	10.60
	7.33
	2.24

	Fe
	180.50
	3034.50
	1522.38
	724.81
	1089.70
	3066.10
	1896.78
	549.83

	Zn
	31.80
	80.60
	48.34
	15.54
	20.40
	54.20
	38.75
	10.48

	Mn
	31.20
	397.20
	113.74
	120.84
	37.60
	410.70
	145.53
	125.93

	Pb
	0.20
	1.40
	0.47
	0.37
	0.20
	1.80
	0.64
	0.57

	Ni
	0.40
	1.80
	1.10
	0.41
	0.40
	2.20
	1.26
	0.55

	Cr
	0.80
	7.20
	3.26
	1.95
	2.00
	7.20
	3.97
	1.60

	Co
	2.80
	5.40
	4.04
	0.70
	2.20
	4.30
	3.64
	0.66



2.1.2. Interactions between vegetable sampling sites for TMEs
Table 3 presents the estimated average TME concentrations based on interactions between sampling sites and the vegetables analysed. Statistical analysis reveals insignificant differences between sampling site and vegetable interactions for all TMEs analysed (p > 0.05). However, several important trends emerge. Copper concentrations decreased from 5.33 mg/kg to 4.2 mg/kg (i.e. 21.20%) in lettuce at sampling sites P2 and P4, respectively. The same trends were observed for mint at sites P2 and P4, from 7.73 to 6.83 mg/kg (11.64%) respectively. Iron was the element present in high concentrations compared to the other TME values. LTU and MTH vegetables at site P2 had the highest concentrations, at 2189.76 mg/kg and 2121.76 mg/kg for lettuce and mint, respectively. These concentrations decreased by 59.5% and 18.84% at site P4 located downstream of the WWTP outlet for LTU and MTH lettuce, respectively. Zn levels decreased from 55.46 mg/kg at site P2 and 44.43 mg/kg at point P4 for lettuce to 48.00 and 33.33 mg/kg respectively for sites P1 and P4 for mint. Manganese concentrations ranged from 160.66 mg/g at site P2 to 83.60 at site P4 for lettuce and from 193.7 to 104.60 mg/kg for sites P2 and P4 for mint. For trace TMEs such as Pb, Ni, Cr, and Co, concentrations were relatively low and consistent, with maximum values observed for lead at 0.66 mg/kg, nickel at 1.26 mg/kg, chromium at 4.40 mg/kg, and cobalt at 4.40 mg/kg at site P2 in lettuce, while minimum values were observed at site P4. For mint, maximum lead levels of 0.93 mg/kg, nickel levels of 1.6 mg/kg, chromium levels of 4.46 mg/kg and cobalt levels of 3.8 mg/kg were observed at site P1, while the lowest levels were recorded at site P4. 










	Pts*Vegetables
	Cu
	Fe
	Zn
	Mn
	Pb
	Ni
	Cr
	Co

	P1*LTU
	4.66±2.31a
	1773.03±533.59ab
	42.33±8.15a
	124.13±147.29a
	0.60±0.64a
	1.26±0.41a
	4.00±2.94a
	4.33±0.92a

	P2*LTU
	5.33±1.30a
	2189.76±740.81b
	55.46±19.04a
	160.66±205.14a
	0.66±0.64a
	1.26±0.23a
	4.40±2.16a
	4.40±0.72a

	P3*LTU
	4.80±0.91a
	1239.23±440.15ab
	51.13±25.93a
	86.56±91.13a
	0.33±0.11a
	1.06±0.70a
	2.66±0.57a
	4.06±0.23a

	P4*LTU
	4.2±0.94a
	887.50±612.31a
	44.43±7.85a
	83.60±47.89a
	0.26±0.11a
	0.80±0.00a
	1.96±1.15a
	3.36±0.49a

	P1*MTH
	7.20±1.92a
	1994.63±451.49b
	48.00±5.37a
	170.93±159.00a
	0.93±0.75a
	1.6±0.11a
	4.06±1.72a
	3.80±0.52a

	P2*MTH
	7.73±2.21a
	2121.76±991.11b
	37.20±15.38a
	193.70±188.15a
	0.73±0.92a
	1.40±0.69a
	4.46±2.61a
	3.73±0.50a

	P3*MTH
	7.53±1.84a
	1748.16±297.69ab
	36.46±6.80a
	112.86±95.61a
	0.46±0.23a
	1.36±0.37a
	3.80±1.37a
	3.56±0.75a

	P4*MTH
	6.83±3.85a
	1722.56±467.99ab
	33.33±10.40a
	104.60±93.95a
	0.43±0.25a
	1.33±0.90a
	3.53±1.27a
	3.46±1.10a

	Pr > F
	0.34
	0.026
	0.529
	0.96
	0.776
	0.794
	0.711
	0.521

	Significant
	NS
	S
	NS
	NS
	NS
	NS
	NS
	NS


Table 3: Summary (estimated averages in mg/kg) – sampling sites*Vegetables for TMEs
Averages followed by the same letter are not significantly different at the 5% level
Legend: P1*LTU: 1st lettuce sampling site; P1*MTH: 1st mint sampling site; P2*LTU: 2nd lettuce sampling site; P2*MTH: 2nd mint sampling site; P3*LTU: third lettuce sampling site; P3*MTH: third mint sampling site; P4*LTU: fourth lettuce sampling site; P4*MTH: fourth mint sampling site; NS: Not Significant, S: Significant 


2.1.3. Interactions between campaigns, vegetables and trace metals
Table 4 shows the evolution of trace metal concentrations according to sampling campaigns. Statistical analysis of the data showed highly significant differences for the manganese variable (p < 0.001). Compared to campaign 2, manganese (Mn) in mint and lettuce during campaign 1 recorded more than 100% Mn. A significant difference was also observed for the cobalt parameter (p = 0.048). Compared to campaign 1, cobalt (Co) in mint during campaign 3 recorded more than 55% Co. Compared to campaign 1, Co in lettuce during campaign 3 recorded more than 7.4% Co. The results showed insignificant differences between campaign and vegetable interactions for the variables Cu, Fe, Zn, Pb, Ni and Cr. The lowest TME values in lettuce were observed mainly during the rainy season (Camp 2), while those in mint were observed during the hot dry season (Camp 1). The highest ETM values were spread over all three (03) campaigns for lettuce and mint. 

	Treatments
	Cu
	Fe
	Zn
	Mn
	Pb
	Ni
	Cr
	Co

	Cp1*LTU
	4.25±2.33a
	1612.00±345.49a
	45.40±10.17a
	253.00±97.89b
	0.80±0.77a
	1.20±0.19ab
	3.65±1.06ab
	4.05±0.47b

	Cp2*LTU
	5.30±0.38ab
	1383.25±814.59a
	49.87±6.06a
	40.72±9.23a
	0.25±0.10a
	0.75±0.25a
	3.12±1.47ab
	3.72±0.01b

	Cp3*LTU
	5.05±1.34ab
	1571.90±989.11a
	49.75±20.63a
	47.50±27.50a
	0.35±0.10a
	1.35±0.41b
	3.00±2.85ab
	4.35±1.14b

	Cp1*MTH
	5.57±2.33ab
	1533.27±345.49a
	32.05±10.17a
	299.82±97.89b
	0.65±0.77a
	1.15±0.19ab
	2.87±1.06a
	2.85±0.47a

	Cp2*MTH
	7.90±0.66ab
	2214.60±212.49a
	43.80±7.53a
	64.10±9.01a
	0.45±0.19a
	1.45±0.66b
	4.95±0.57b
	3.95±0.25b

	Cp3*MTH
	8.50±2.47b
	1942.47±793.93a
	40.40±12.02a
	72.65±28.54a
	0.82±0.68a
	1.17±0.75ab
	4.07±2.22ab
	4.12±0.22b

	Pr > F
	0.492
	0.532
	0.778
	< 0.0001
	0.579
	0.059
	0.108
	0.048

	Significant
	NS
	NS
	NS
	S
	NS
	NS
	NS
	S


Table 4: Estimated average concentrations of TME (mg/kg) according to Campaign × Vegetable interactions
Averages followed by the same letter are not significantly different at the 5% threshold.
Legend : Cp1*LTU: lettuce sampled in campaign 1 during the hot dry season from March to June; Cp1*MTH: mint sampled in campaign 1 during the hot dry season from March to June; Cp2*LTU: lettuce sampled in campaign 2 during the rainy season from July to October; Cp2*MTH: mint collected in campaign 2 during the rainy season from July to October; Cp3*LTU: lettuce collected in campaign 3 during the cold dry season from November to February; Cp3*MTH: mint collected in campaign 3 during the cold dry season from November to February; NS: Not Significant; S: Significant



2.1.4. Interactions between TME variables
The results of the principal component analysis (PCA) (Table 5, Figure 1) show that there is a correlation between the variables and factors. Furthermore, it can be seen that the first variability (43.681%) represents the share of the total variation expressed by axis 1. Axis 2 expresses 19.496% of the cumulative variability. These two axes express 63.177% of the total variability.  Axis 1 (43.681%) is explained by the variables Cu, Fe, Zn, Ni, Cr, and Co. This axis contrasts the intermediate heavy metals involved in pollution with the post-transition metals (Pb). On the other hand, Mn, being a transition metal, tends to group with Pb, which is post-transitional, and to oppose metals of the same type. Axis 2 (19.496%) is explained by the variable that provides information on post-transition metals. Its positive part groups together vegetables with high Pb and Mn content, and its negative part groups together those with low post-transition heavy metal content.
Table 5: Correlations between variables and factors
	Variables
	Main Component

	
	F1
	F2

	Cu
	0,415
	0,032

	Fe
	0,714
	0,006

	Zn
	0,492
	0,029

	Mn
	0,014
	0,733

	Pb
	0,108
	0,523

	Ni
	0,437
	0,133

	Cr
	0,867
	0,017

	Co
	0,439
	0,095

	Eigenvalue
	3,494
	1,560

	Variability (%)
	43,681
	19,496

	% cumulative
	43,681
	63,177




Figure 1: Circle of correlations between TMEs in the main plane
2.1.5. Interaction between TME, campaigns, sampling sites and vegetables
Principal component analysis (PCA) shows heavy metal concentrations (Cu, Zn, Co, Cr, Fe, Ni, Pb) in lettuce (LTU) and mint (MTH) samples, with two main axes F1 and F2. Examination of the circle of correlations between variables and treatments in the main 1-2 plan (Figure 2) reveals the relationships between the different variables-vegetables, sampling points and campaigns. Some relationships are close. This is the case between the Cp3P4_MTH treatments, which are associated with Cr, Fe, Ni and Pb. The Cp3P4_LTU interaction is strongly linked to the parameters Zn, Cu and Co. The Cp1P1_MTH and Cp1P2_MTH treatments are close to the Mn variable.

Figure 2: Correlation circle between chemical parameters, campaigns and sampling sites in the main plan
3. Discussion
3.1. Concentration of vegetables in TME
The concentrations of trace metals (TME) are generally higher in mint than in lettuce, with the exception of zinc and cobalt. This observation can be explained by physiological differences between the two species in their ability to absorb and accumulate TME. Indeed, mint's developed root system and rapid growth compared to lettuce mean that it draws the maximum amount of chemicals from the soil for its growth [13, 25]. In addition, market gardeners harvested the leaves and roots of lettuce once mature, while only the leaves of mint were harvested several times and the roots remained in contact with the soil. This prolonged contact time of mint with the soil would favour the accumulation of heavy metals by mint rather than lettuce. Our results contradict those obtained by Bakhoum in 2025, who found higher concentrations of Cd, Cu and Pb in lettuce than in mint in the vicinity of the Mbeubeuss urban landfill in Dakar, Senegal [26].
This study shows that lettuce and mint are contaminated with heavy metals (Fe, Cu, Zn, Pb, Ni). These heavy metals are thought to originate mainly from organic fertilisers used in households. The concentrations of metals in market garden produce far exceed the maximum values recommended by the Codex Alimentarius, revised by the FAO/WHO in 2024 [27]. These limit values are 425.5 mg/kg for Fe; 40 mg/kg for Cu; 99.4 mg/kg for Zn; 0.3 mg/kg for lead and 67.9 mg/kg for nickel [27]. Other studies have also found concentrations of Pb, Cd, Cr and Zn above WHO/FAO limits in Tigray, Ethiopia, and at the Houeyiho market garden site in Benin [15, 28]
The absence of significant differences in interactions between sampling sites and vegetables for most variables (p > 0.05), with the exception of iron, shows overall homogeneity and stability in contamination levels at the Dogona market garden site. However, variations in concentrations by site show a spatio-temporal dynamic specific to each metal studied and depending on the type of vegetable. The gradual decrease in copper (Cu) concentrations from site P2, located upstream of the wastewater treatment plant outlet, to site P4, located downstream, could be explained by dilution, metal sedimentation or improved agricultural practices by market gardeners at sites P3 and P4, located downstream of the wastewater treatment plant outlet. This decrease in concentration is also observed for other metals such as iron (Fe), zinc (Zn) and manganese (Mn). According to Sauret in 2023, the discharge of treated wastewater from the Dogona wastewater treatment plant contributes 13.72% to the chemistry of the Houet backwater and, during the dry season, its quality is strongly influenced by this [29]. This analysis confirms the theory that the backwater is diluted by water from the treatment plant, which has also contributed to reducing TME concentrations at sites P3 and P4. Yandi in 2024, also showed that some Togolese producers who did not comply with cultural practices exposed their plants to toxic substances [30]. Our results are consistent with the observations of Hilali in 2020, who showed, during their analysis of the spatial distribution of heavy metals, a gradual decrease in their concentrations from upstream of the Day River in Morocco to downstream with the flow of wastewater [31].
These very high levels of iron in vegetables are probably anthropogenic or natural in origin. The presence of iron in produce could also be explained by their need for iron. Iron is mainly necessary for the transport and use of oxygen by plants [32]. Indeed, urban and industrial wastewater discharges, as well as agricultural inputs used by market gardeners and the soil, may contain high concentrations of iron that can be absorbed by crops. The nature of the soil in the area, particularly the class of iron and manganese hexaoxyde soils, could also explain this high iron content in cultivated vegetables [13, 33]. According to Assy in 2023, the soil in illegal dumpsites in market gardening areas in Abidjan, Ivory Coast, contains several metals, which has contributed to the contamination of lettuce leaves with lead, cadmium and nickel [34]. Nevertheless, the iron values in vegetables obtained in our study are much higher than those reported by Kalonda in 2015, who found 1642 mg/kg, and lower than the value obtained by Dan-Badjo in 2013, which is 2137.28 mg/kg, respectively at the Katanga sites in RD Congo and the Gounti Valley in Niger [35, 36]. 

3.2. Relationship between heavy metals in vegetables, sites and sampling campaigns 
Several parameters are thought to influence the absorption of heavy metals by vegetables, including stomatal density, the nature of the metal, the plant species and the moisture content [37]. The strong relationships between TME such as Cu, Fe, Zn, Ni, Cr and Co in lettuce and mint can be attributed to synergistic interactions between them. However, their opposition to Mn, which is also a transition metal, is due to antagonistic interactions between this metal and the others [38]. Our results are consistent with those of Assad in 2017, who found a strong correlation between Cu, Zn, Ni, Fe, Cr and all opposed to Mn in edible crops grown on a titanium ore dump in France [39]. These same authors demonstrated that there is ionic competition at the level of soil particle absorption sites and also in the properties of the cell membrane on the surface of vegetable roots [39]. Similarly, McBride in 2015 showed a strong positive correlation between Cu, Ni and Zn in vegetables from a student farm at Dilmun Hill at Cornell University in Ithaca, New York [40].
The strong correlation between Cu, Cr, Fe, Zn, Ni and Co in vegetables during campaign 3, corresponding to the cold season, shows that these TMEs, which are mainly transition metals, come from common sources and that environmental factors could contribute to this situation [41]. Indeed, these metals could be present in high concentrations in urban and industrial wastewater, agricultural inputs, soil or air, which could constitute the environment of crops [37]. The results of the work of Sauret in 2023 at the same study site showed that TMEs such as Pb, Zn, Cr, Fe and Cu analysed in the wastewater of the Houet backwater were all low in concentration and compliant with the standard for agricultural reuse [29]. The high concentrations of TMEs observed in vegetables can only originate mainly from agricultural inputs or the soil. However, at the market gardening site, it has been observed that the use of agricultural fertilisers is more frequent in the cold season for market gardening crops than in the rainy season, during which some producers focus on field work [42]. 
This intensification in the use of organic fertilisers during the cold season is therefore linked to an increase in the number of market gardeners on the site. Similarly, the work of Dugue in 2024 has shown that soils in sub-Saharan Africa, which are subject to intensive agricultural practices during the cold season, benefit from increased inputs of compost and manure to improve their fertility and compensate for the decline in productivity associated with cool temperatures [43]. Low temperatures slow down the growth of vegetable crops, requiring additional inputs of agricultural inputs contaminated with toxic metals to maintain or improve yields [44]. Weather conditions such as high humidity during the cold season can also cause condensation to form on vegetable leaves, which promotes the solubilisation and absorption of certain metals such as iron (Fe), zinc (Zn) and manganese (Mn) by the leaves and/or roots of plants [37]. Our results contradict those obtained by Mawof in 2022, who showed that soil amendment with compost significantly reduces metal uptake in potatoes due to an increase in the soil's cation exchange capacity, dissolved organic carbon and acidic pH [44]. 
Conclusion
Vegetable production contributes to ensuring food security for populations. The results obtained from this study reveal that the levels of heavy metals present in lettuce and mint grown on the SMD far exceed the regulatory thresholds for human consumption. High concentrations of metals were observed in mint during the cold dry season and at sampling site P4 located at the edge of the irrigated area. In view of the results obtained, there is therefore a need to take appropriate measures to secure the food chain. The implementation of a scheme of good market gardening practices could help producers achieve this quality objective.
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Biplot (F1 and F2 axes: 63.18%)after Varimax rotation
Cp1P1_MTH
Cp1P2_MTH
Cp1P3_LTU
Cp1P4_MTH
Cp2P3_LTU
Cp2P4_LTU
Cp3P3_LTU
Cp3P4_LTU
Cp3P4_MTH
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Fe
Zn
Mn
Pb
Ni
Cr
Co
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F2 (19,50 %)

