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ABSTRACT

	Abstract
Fresh vegetables eaten raw, can be agents of transmission of microbes and heavy metals. The frequency and variability of microbes and heavy metals on 96 vegetables from some large production sites in Mali were evaluated. These sites were Bamako, Kati, Baguineda, Samanko, Sikasso and Niono. Among all sites, lettuce, tomato and cucumber from Sikasso were the least contaminated, and the concentrations of total microflora, total and faecal coliforms and Staphylococcus aureus on lettuce were respectively 19.88 × 104 CFU/g; 0.85 × 104 CFU/g; 0.73 × 104 CFU/g and 0.48 × 104 CFU/g. The concentrations of microorganisms on tomato following the order of the previous line were respectively 12.48 × 104 CFU/g; 0.24 × 104 CFU/g; 0.00 CFU/g and 0.97 × 104 CFU/g. The contamination of cucumber, still following the same order were 51.15 × 104 CFU/g; 13.33 × 104 CFU/g; 4.24 × 104 CFU/g and 11.03 × 104 CFU/g. However, vegetables from Bamako, Baguineda, Samanko, Niono. Vegetables from Kati were the most contaminated and the concentrations of lettuce were 145,58.104 CFU/g for the total microflora; 56.36 ×104 CFU/g for total coliforms; 23.03 × 104 CFU/g for faecal coliforms, 27.88 × 104 CFU/g for Staphylococcus aureus, 0.87 × 104 for Clostridium perfringens and 31.15 × 104 for Listeria monocytogenes. The concentrations of tomato were respectively 85.33 × 104 CFU/g; 12.48 × 104 CFU/g; 9.58 × 104 CFU/g; 17.94 ×104 CFU/g; 0.24 × 104 and 18.67 × 104 CFU/g. And the concentrations of cucumber were 67.64 × 104 CFU/g; 13.70 × 104 CFU/g; 9.82 × 104 CFU/g; 0.61 × 104 CFU/g; 1.28 × 104 and 14.42 × 104 CFU/g, respectively. Among vegetables, lettuce was the most contaminated at all sites except Sikasso and Baguineda where cucumber was the most contaminated. 
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1. INTRODUCTION 
The United Nations estimates that the global population will reach 9.7 billion in 2050 and the majority of which will be in urban areas in less developed regions (UN DESA, 2017). Sub-Saharan Africa in particular constitutes a large portion of this growth as the urban population is growing rapidly compared to any other region and the urban population is projected to increase rapidly and double over the next 25 years (Saghir & Santoro, 2018). Population growth is resulting in increased urban food demand and changes in diets that serve the emerging middle-class market. In response, many farmers in urban and peri-urban areas practice agricultural methods targeted at production of crops used in urban food especially exotic vegetables. 
In Mali, agriculture plays an important role in the provision of employment and foreign trade and engage two-thirds of the country's labor force (IMF, 2015). It contributes about 23% of export earnings and 40% of gross domestic product (GDP) (Sanogo et al., 2019) with 5.1% growth rate in 2019 (World Bank, 2019). Irrigated smallholder vegetable production is usually done on open lands along streams, rivers and roadsides on private or public spaces in the UPAs of Bamako. 
In Bamako, urban and peri-urban agriculture focuses on easily perishable vegetables with a short shelf life such as lettuce, tomato, cucumber, cabbage. Among the vegetables consumed raw in Mali, lettuce is one of the most cultivated with a percentage of 69.4 of leafy vegetables (DRA, 2018) and 30.4 of all plants (DRA, 2018). In addition, the increase in urban food demand and increasing urban populations have far exceeded sanitation infrastructure and service delivery. Inadequate and inappropriate urban sanitation infrastructure in Mali has led to untreated wastewater ending up in water bodies used as source of irrigation water for urban and peri-urban agriculture. Due to the inaccessibility of drinking water sources and the search of manure to increase yield, urban and peri-urban farmers end up using drainage water, which negatively affects the health of the population.
Studies conducted in Mali and other parts of West Africa have shown high levels of microorganisms, heavy metals, and pesticide residues in irrigation water and vegetables (Antwi-Agyei et al., 2015, Salawu et al., 2015; Dia, 2017; Dao et al., 2018) which far exceed the recommended standards (ICMSF, 2011). In Mali, very few studies have been carried out on the health risks associated with the consumption and production of irrigated vegetables by small urban and peri-urban farmers. It is therefore important to assess the health risks of irrigated vegetables produced on some large vegetables production sites in Mali. The purpose of this study is to determine the microbiological and physicochemical contaminants of lettuce, cucumber and tomato from large market garden production sites in Mali, in order to assess the health risk associated with their consumption.

2. MATERIAL AND METHODS 
[bookmark: _Hlk69824083][bookmark: _Hlk69824113][bookmark: _Hlk69824292]Samples of lettuce, tomato and cucumber were collected randomly in 2015 from vegetables production sites irrigated with untreated water in Bamako, Baguineda, Kati, Niono, Samanko and Sikasso. Six samples of lettuce were taken per site, for all of the sites selected for the study. Also, six samples of tomato and cucumber were taken at all sites except Bamako (where vegetable farmers produced less). The sites were chosen based on their accessibility and the presence of active farmers. Thirty heads of lettuce, thirty tomatoes and ten cucumbers were taken from per farm and put in a sterile plastic bag. All samples were labeled, put in a sterile plastic bag, placed in polythene bags and transported on ice to the laboratory where they were analysed immediately or stored at 4ºC within 24 hours before analysis. Lettuce leaves were removed from each head and combined to obtain a composite sample. For the various laboratory analysis, each sample was carefully cutting and mixed to obtain a composite sample. The analysis of the lettuce, cucumber and tomato samples consisted of identifying and quantifying key foodborne pathogens and heavy metals. Pathogenic bacteria identified were total microflora, total and faecal coliforms (CF), Clostridium perfringens, Staphylococcus aureus, Salmonella spp. and Shigella spp. and Listeria monocytogenes. Total microflora was determined by the method ISO 4833-1 (2013), total coliforms by NF V08-050 (2009), faecal coliforms by NFV 08 060 (2009), Salmonella spp and Shigella spp. by ISO 6579-1 (2007), Staphylococcus aureus by NF V08-057-1 (2004), Clostridium perfringens by NF V08-061 (2009) and Listeria monocytogenes by ISO 11290 (1997). 
Total microflora and coliforms (total and faecal) analysis of lettuce, tomato and cucumber consisted of weighing 25 g of lettuce, tomato or cucumber in 225 ml of sterile buffered saline solution and shaken vigorously for two minutes. A serial dilution was performed in tubes containing the buffered solution and two copies of the broth (one millilitre) inoculated from each dilution. Petri dish was incubated at 37°C for total microflora (on plate count agar (PCA) media), total coliforms (eosin methylene blue (EMB) media), Salmonella spp and Shigella spp. (salmonella-shigella agar), Staphylococcus aureus (mannitol salt agar) and Listeria monocytogenes (listeria agar) and 44.5°C for faecal coliforms (EMB media) for 24–48 hours. For the identification of Clostridium perfringens, the main suspension was incubated for 24 hours at 37ºC to allow the multiplication of bacteria. Following incubation, the suspension was heated at 80ºC for three minutes to eliminate the presence of all bacteria, except Clostridium perfringens. After cooling, one milliliter of the suspension was inoculated on tryptone sulfite neomycin (TSN) media and incubated at 37°C for 24–48 hours. The number of colonies were counted in each Petri dish and the number of bacteria evaluated in colony forming unit (CFU)/g of sample. The physicochemical analysis of lettuce samples consisted of detecting and measuring lead (Pb) and cadmium (Cd) by spectrophotometry (photometric flame detector) with an atomic absorption spectrophotometer (Perkin Elmer Analyst 200) after digestion. The level of heavy metals was determined in the irrigation water and the dried samples of lettuce, tomato and cucumber. Vegetable samples were dried in oven for 24 hours at 105°C and one gram of each sample reacted with 10 ml of concentrated sulfuric acid (H2SO4) and nitric acid (HNO3) into a volume ratio of 1:1 and five millilitres of oxygenated water, then mineralised for two hours at 120°C until fumes of sulfur trioxide (SO3) appeared. The sample was cooled and transferred to a 100 ml volumetric flask and then filtrated in another volumetric flask, and the filtrate completed to 100 ml. Lead and cadmium concentrations were determined in the final solution.
Data analysis
Each bacteria populations were log transformed before F-test to compare their levels. Where significant difference was found, means were separated using Tukey’s HSD test (P < 0.05). All analysis was accomplished using Genstat 11th Edition.

3. RESULTS 
3.1. Bacterial contamination levels on lettuce, tomato and cucumber
Lettuce, tomato and cucumber showed a large variation in bacterial contamination in Bamako, Kati, Samanko, Sikasso, Baguineda and Niono (Figure 1). Lettuce (48%), tomato and cucumber (32% each) of Kati had the highest frequency of contamination, while vegetables from Sikasso (lettuce (0%), tomato (3%) and cucumber (4%)) had the lowest.


Figure 1. Frequency of bacterial contamination of lettuce, tomato and cucumber per site

3.2. Bacterial contamination levels of lettuce, tomato and cucumber at the six study sites
[bookmark: _Hlk72915632]Total microflora population on lettuce from Kati was significantly higher (P = 0.013) than Sikasso, but were similar on lettuce from Niono, Samanko, Baguineda and Bamako. Listeria monocytogenes population was significantly higher (P = 0.010) than Baguineda and Sikasso, but was similar on lettuce from other sites. Also, Salmonella-Shigella on lettuce from Kati and Niono (78.55 × 104 CFU/g, 40.48 × 104 CFU/g, respectively) was significantly higher (P < 0.001) than Bamako, Samanko, Baguineda and Sikasso (31.15 × 104 CFU/g, 21.33 × 104 CFU/g, 6.55 × 104 CFU/g and 0.48 × 104 CFU/g). Total coliform, faecal coliform, Staphylococcus aureus and Clostridium perfringens levels on lettuce were similar at all sites (Table 1). 

Table 1. Bacterial contamination level of lettuce, tomato and cucumber in all study sites
	Vegetables (104 CFU/g)
	Bamako
	Kati
	Baguineda
	Samanko
	Sikasso
	Niono

	Lettuce 

	Total microflora 
	42.55 (21.15)1
	145.58 (60.10)
	45.82 (36.80)
	87.27 (49.30)
	19.88 (15.01)
	123.04 (46.8)

	Total coliforms 
	16.61 (14.72)
	60.00 (25.00)
	10.55 (6.17)
	33.10 (26.50)
	0.85 (0.74)
	54.06 (43.30)

	Faecal coliforms
	8.85 (7.23)
	22.55 (15.01)
	7.52 (4.08)
	15.88 (17.91)
	0.73 (0.60)
	25.58 (26.60)

	Staphylococcus aureus
Salmonella-Shigella
	3.64 (1.92)
31.15 (15.10)
	27.88 (5.44)
78.55 (34.20)
	1.09 (1.84)
6.55 (3.54)
	6.42 (4.50)
21.33 (5.94)
	0.48 (0.41)
0.48 (0.41)
	5.94 (4.97)
40.48 (20.48)

	Clostridium perfringens
	4.58 (5.57)
	15.92 (14.06)
	10.58 (14.08)
	17.00 (11.06)
	0.0012 (0.00)
	2.08 (2.65)

	Listeria monocytogenes
	7.52 (6.81)
	31.15 (14.89)
	6.42 (3.38)
	14.79 (5.14)
	1.58 (1.77)
	15.76 (12.75)

	Tomato

	Total microflora
	-
	85.33 (35.00)
	4.48 (4.27)
	31.88 (26.80)
	12.48 (10.74)
	41.45 (23.5)

	Total coliforms
	-
	35.39 (24.19)
	0.36 (0.22)
	10.18 (8.23)
	5.58 (5.28)
	5.58 (4.94)

	Faecal coliforms
	-
	12.85 (10.33)
	0.24 (0.04)
	1.82 (0.86)
	0.00 (0.00)
	2.30 (2.01)

	Staphylococcus aureus
Salmonella-Shigella
	-
-
	13.21 (10.36)
32.85 (31.00)
	0.00 (0.00)
0.24 (0.03)
	0.12 (0.03)
9.94 (4.86)
	0.97 (0.00)
3.27 (2.16)
	0.12 (0.02)
4.00 (2.52)

	Clostridium perfringens
	-
	0.24 (0.05)
	0.002 (0.001)
	0.73 (0.12)
	0.27 (0.17)
	0.21 (0.03)

	Listeria monocytogenes
	-
	17.58 (10.42)
	0.24 (0.12)
	7.88 (5.05)
	0.73 (0.50)
	7.52 (5.51)

	Cucumber

	Total microflora
	-
	67.64 (29.7)
	57.82 (32.05)
	23.27 (20.09)
	51.15 (23.82)
	7.03 (5.81)

	Total coliforms
	-
	24.36 (13.94)
	11.76 (10.00)
	5.58 (3.31)
	13.33 (8.29)
	0.61 (0.58)

	Faecal coliforms
	-
	9.82 (5.15)
	8.24 (7.45)
	0.97 (0.51)
	4.24 (4.09)
	0.48 (0.31)

	Staphylococcus aureus
Salmonella-Shigella
	-
-
	0.61 (0.36)
13.09 (8.11)
	1.21 (1.12)
6.67 (4.73)
	2.18 (2.00)
5.82 (2.38)
	11.03 (10.22)
7.27 (3.87)
	0.36 (0.22)
0.48 (0.40)

	Clostridium perfringens
	-
	1.28 (0.20)
	0.00 (0.00)
	0.00 (0.00)
	0.04 (0.04)
	0.60 (0.00)

	Listeria monocytogenes
	-
	14.42 (7.10)
	16.85 (11.03)
	4.24 (3.46)
	8.73 (4.85)
	0.24 (0.03)


1Values in parenthesis are standard deviations.

Total microflora, faecal coliform, Staphylococcus aureus, Salmonella-Shigella Clostridium perfringens, Listeria monocytogenes populations were however similar for all samples of tomato at all sites. However, total coliform populations of tomato from Kati (35.39 × 104 CFU/g) were significantly higher (P = 0.027) compared to tomato from Sikasso (5.58 × 104 CFU/g), but were similar to tomato from Samanko (10.18 × 104 CFU/g), Niono (5.58 × 104 CFU/g) and Baguineda (0.36 × 104 CFU/g). Significantly higher Salmonella-Shigella level (P = 0.017) was observed on cucumber from Kati (13.09 × 104 CFU/g) compared to Samanko and Niono (5.82 × 104 and 0.48 × 104 CFU/g), but was similar to cucumber from Sikasso and Baguineda (7.27 × 104 and 6.67 × 104 CFU/g). Nonetheless, total microflora, total and faecal coliforms, Staphylococcus aureus, Clostridium perfringens, Listeria monocytogenes populations on cucumber were similar at all sites.    

3.3. Type of bacteria obtained per site 
Lettuce, tomato and cucumber were contaminated with bacteria in all sites. Among bacteria, total microflora (54%) had the highest rate, followed by total coliforms (15%), Listeria monocytogenes (13%), faecal coliforms (7%), Staphylococcus aureus (5%), and Clostridium perfringens (3%) (Figure 2).

                                 
                                 Figure 2. Frequency of bacteria in vegetables


3.4. Determination of heavy metals in lettuce, tomato and cucumber 
3.4.1. Heavy metals (Pb, Cr and Cd) concentration levels in lettuce samples
The mean lead concentrations were higher than the FAO/WHO recommended standard in lettuce (1.46–2.07 mg/kg) at all study sites.  Mean chromium concentrations was also higher than the recommended maximum level for production in Bamako, Kati, Baguineda and Samanko (0.20–0.50 mg/kg). There was no trace of cadmium in lettuce from farms at all sites (Table 2).

Table 2: Concentration (mg l-1) of selected heavy metals in lettuce from farms at all study sites.
	Sites
	Heavy metal
	Mean
	
Range
	FAO/WHO recommended maximum concentration for leafy vegetables (mg/kg)1

	Bamako

	Lead
	2.00 (0.38)
	1.52–2.52
	0.3

	
	Chromium
	0.50 (0.06)
	0.40–0.59
	0.2

	
	Cadmium
	0.00 (0.00)
	-
	0.2

	Kati
	Lead
	2.07 (0.95)
	1.27–3.66
	0.3

	
	Chromium
	0.20 (0.03)
	0.16–0.23
	0.2

	
	Cadmium
	0.00 (0.00)
	-
	0.2

	Baguineda
	Lead
	1.49 (0.76)
	0.78–2.83
	0.3

	
	Chromium
	0.30 (0.06)
	0.22–0.36
	0.2

	
	Cadmium
	0.00 (0.00)
	-
	0.2

	Samanko
	Lead
	1.62 (0.46)
	1.22–2.4
	0.3

	
	Chromium
	0.42 (0.03)
	0.35–0.43
	0.2

	
	Cadmium
	0.00 (0.00)
	-
	0.2

	Sikasso
	Lead
	1.48 (0.60)
	0.93–2.59
	0.3

	
	Chromium
	0.00 (0.04)
	-0.03–0.07
	0.2

	
	Cadmium
	0.00 (0.00)
	-
	0.2

	Niono
	Lead
	1.46 (0.51)
	0.56–1.95
	0.3

	
	Chromium
	0.10 (0.04)
	0.01–0.07
	0.2

	
	Cadmium
	0.00 (0.00)
	-
	0.2


1FAO/WHO (2011).
2Values in parenthesis are standard deviations.

3.4.2. Heavy metals (Pb, Cr and Cd) concentration levels in tomato samples
The mean lead concentrations were higher than the recommended maximum level for production in tomato from farms at all five study sites. The mean chromium concentrations in tomato samples were also lower than the recommended maximum level for production at Sikasso and Niono. There was no trace of cadmium in tomato from farms at all sites (Table 3).

Table 3: Concentration (mg/kg) of selected heavy metals in tomato from farms at all study  sites.
	
	Heavy metal
	Mean
	
Range
	 FAO/WHO recommended maximum
concentration for leafy vegetables (mg/kg)1

	Kati
	Lead
	1.55 (0.48)
	0.91–2.29
	0.1

	
	Chromium
	0.13 (0.05)
	0.04–0.18
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Baguineda
	Lead
	1.58 (0.58)
	0.76–2.21
	0.1

	
	Chromium
	0.24 (0.03)
	0.19–0.27
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Samanko
	Lead
	1.83 (0.90)
	0.24–2.98
	0.1

	
	Chromium
	0.32 (0.03)
	0.28–0.36
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Sikasso
	Lead
	1.63 (0.62)
	1.17–2.60
	0.1

	
	Chromium
	0.04 (0.04)
	0.02–0.10
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Niono
	Lead
	1.77 (0.39)
	1.11–2.13
	0.1

	
	Chromium
	0.03 (0.03)
	-0.01–0.07
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05



3.4.3. Heavy metals (Pb, Cr and Cd) concentration levels in cucumber samples
Lead (1.01–1.02 mg/kg) and chromium (0.21–0.43 mg/kg) concentration levels in cucumber samples were mostly above the recommended maximum for crop production cited by FAO/WHO (2011) at all study sites except Sikasso (0.05 mg/kg) where chromium concentration was below (Table 4). There was no trace of cadmium cucumber samples at all study sites.
3.4.4. Frequency of heavy metals per specimen and per site (mg/kg) 
The percentage of contamination of lettuce, tomato and cucumber samples by lead and cadmium varies depending on the sites. This percentage was 0.00–14.00% in Bamako, 5.10–8.32% in Kati, 5.10–8.00% in Baguineda, 5.20–12.00% in Samanko, 0.00–5.20% in Sikasso and 0.00–10.00% at Niono.
Table 4: Concentration (mg/kg) of selected heavy metals in cucumber from farms at all study sites.
	
	Heavy metal
	Mean
	
Range
	FAO/WHO recommended maximum concentration for leafy vegetables (mg/kg)1

	Kati
	Lead
	1.01 (0.01)
	1.00–1.03
	0.10

	
	Chromium
	0.21 (0.04)
	0.15–0.25
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Baguineda
	Lead
	1.01 (0.00)
	1.01–1.01
	0.10

	
	Chromium
	0.29 (0.03)
	0.25–0.32
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Samanko
	Lead
	1.01 (0.01)
	1.00–1.01
	0.10

	
	Chromium
	0.43 (0.02)
	0.42–0.47
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Sikasso
	Lead
	1.02 (0.02)
	1.00–1.05
	0.10

	
	Chromium
	0.04 (0.02)
	0.00–0.07
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05

	Niono
	Lead
	1.01 (0.01)
	1.00–1.02
	0.10

	
	Chromium
	0.35 (0.10)
	0.04–1.79
	0.05

	
	Cadmium
	0.00 (0.00)
	-
	0.05





Figure 3. Frequency of lead, chromium and cadmium per site and per vegetable

4. [bookmark: _Hlk72914705]DISCUSSION
The levels of faecal coliforms in lettuce, tomato and cucumber samples at all study sites exceeded the ‘undesirable’ 103 faecal coliforms per 100 g (wet weight) for vegetables by ICSMF (2011). Other pathogenic bacteria such as Salmonella spp, Shigella spp (0.24–78.55 × 104), Staphylococcus aureus (0.00–27.88 × 104), Clostridium perfringens (0.00–17.00 × 104) and Listeria monocytogenes (0.24–31.15 × 104) were also found. These findings corroborate a previous study done by Samaké et al. (2011), who reported similar ‘undesirable’ faecal coliforms levels and Salmonella spp. on lettuce in farms from Bamako, Kati and Baguineda. Similar results have also been reported by other authors in West Africa (Abass et al., 2016; Dao et al., 2018; Erhirhie et al., 2020) and elsewhere (Dallal et al., 2015; Mritunjay & Kumar, 2017; Kapeleka et al., 2020). The high faecal coliform contaminations of all vegetable samples and the presence of Salmonella spp, Shigella spp, Staphylococcus aureus, Clostridium perfringens and Listeria monocytogenes could be due to some practices done by farmers on the study sites. These practices are mainly the irrigation of vegetables with untreated water via overhead irrigation, even on the day of harvest, the application of undecomposed organic manure directly on crops and vegetables production on contaminated soils for several years.
High lead and chromium concentrations (> FAO/WHO (2011) above the acceptable limit for leafy vegetables) were detected in lettuce and tomato (excepting Sikasso and Niono) and cucumber (excluding Sikasso) samples at all study sites. Cadmium was absent in all vegetables. These results agree with other results of Lente et al. (2014) and Malan et al. (2015), who reported high contamination of lead and chromium in lettuce in Ghana and South Africa. These findings however contradict previous report (< FAO/WHO limits) of Samaké et al. (2011), who found acceptable concentrations of lead in composite lettuce samples from Bamako, Kati and Baguineda. The possible sources of heavy metal contaminations on lettuce, tomato and cucumber in the present study include, increasing atmospheric sources (e.g. smoke emissions from industries and vehicles), the increasing textile dyeing activities and the use of sifted garbage soils (which could enclose contaminated waste of lead and chromium).
Contamination of vegetables by pathogenic bacteria and heavy metals (lead and chromium) can constitute a risk to the health of the population. Local health and environmental authorities should educate the public about the health hazards of fresh vegetables and the importance of washing and disinfecting them before consumption. In addition, adequate wastewater treatment and the ban on the use of untreated wastewater for irrigation of plants for human consumption, among others, should be implemented. In short, it is therefore necessary to improve the sanitary conditions of these types of food.

5. CONCLUSION 
Lettuce, tomato and cucumber collected from farms at Bamako, Kati, baguineda, Samanko, Sikasso and Niono contained high levels of bacterias (total microflora, total and faecal coliforms, Salmonella spp, Shigella spp, Staphylococcus aureus, Clostridium perfringens and Listeria monocytogenes). Faecal coliform populations in lettue, tomato and cucumber were above the undesirable level of ICMSF (2011) at all study sites. Lead and chromium concentrations in all vegetables were above the recommended safe limit by FAO/WHO (2011) at all study sites excepting Sikasso (Chromium level in all vegetables) and Niono (Chromium level in lettuce and tomato). There was no trace of cadmium in tomato from farms at all sites.
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