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Abstract
Tomato fruit enormously consumed in Burkina Faso is a source of health risk
due to its quality. The plant of tomato cultivated in most the industrially polluted area as Ouagadougou, accumulates significant quantities of heavy metals and microorganisms and could be dangerous for consumption. The
present study was conducted to investigate heavy metal and microbial contamination in soils wastewater and vegetables (tomato fruit) and to evaluate the
possible health risks associated with the consumption of vegetables. Total
concentrations of As, Cd, Cr, Cu, Hg, Ni, Se and Zn were determined using
atomic absorption spectrophotometry. Transfer factor (TF), daily intake of
metals (DIM) and health risk index (HRI) were also calculated. Microbial
quality was analyzed for the presence of foodborne pathogens. The pH involved from 6.50 ± 0.1 to 9.40 ± 0.12 respectively for Boulmiougou and Kossodo. The mean metal concentrations indicated that soils were strongly polluted followed by wastewater and vegetable. The range of the mean values (in
mg·kg−1) exhibited by As, Cd, Cr, Cu, Hg, Ni, Se and Zn in tomato fruit was
17.80 ± 0.32, 2.71 ± 0.02, 11.57 ± 0.2, 203.41 ± 1.20, 15.13 ± 0.30, 53.18 ± 0.20,
38.56 ± 0.10, 109.13 ± 0.25 concerning samples of Boulmiougou and 3.47 ±
0.15, 2.78 ± 0.01, 22.11 ± 0.1, 242.85 ± 2.10, 14.86 ± 0.10, 132.19 ± 1.50, 33.23
± 0.15, 146.43 ± 1.12 for Kossodo. Microbial count was below to acceptable
limits for vegetable, but underlined the presence of spoiler and foodborne
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pathogens. However, the daily intake of metals (DIM) and the health risk index (HRI) values were found to be under to the prescribed maximum tolerable.
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1. Introduction
Solanaceae family member tomato is one of the world’s most cultivated vegetables with a worldwide production of 129,650,000 tons [1]. In Burkina Faso,
agriculture is the main source of income for the population and the mainstay of
the country’s food security. Tomato production comes second after onion bulb
and generates significant foreign currency influx for the national economy. The
national tomato production is 157,086 tons a year and remains the most profitable vegetable farming in the country with total sales valued at 117€ million [2].
Tomato fruits are usually eaten whole in salads, cooked in sauces, soup and
meat, fish dishes or consumed as paste and catsup [3] [4]. It contains many nutrients, anti-oxidants and secondary metabolites such as vitamins C and E,
b-carotene, lycopene, flavonoids, organic acids, phenolics and chlorophyll,
which are important for human health [4] [5]. But Agricultural soils and irrigation water in many parts of the world and Burkina are slightly to be contaminated by toxic heavy metals. This could be due to industrial wastewater, sewage
sludge applications, fertilizers, and watering practices in agricultural lands. The
use of wastewater from the city in agriculture irrigation may have significant effects of accumulation of toxic heavy metals and microorganisms in soils and
agricultural products [6] [7] [8] [9].
In Burkina popular street foods include ready-to-eat red tomato normally eaten with salads, cooked in sauces, soup and meat, fish dishes. Nevertheless, metals most often found as contaminants in vegetables as tomato can pose a significant health risk to humans, when they reach high concentrations in the body
[10].
The uptake of dietary heavy metal among populations causes serious health
problems including reduced immunological defenses, intrauterine growth retardation, impaired psychosocial behaviors, and disabilities associated with malnutrition and a high prevalence of upper gastrointestinal cancer [11].
Numerous literature suggests that foodborne illnesses of microbial and heavy
metal origins such as diarrhoea have been recognized as the major source of
hospital attendance in Burkina, Ghana whilst in Africa, 16% of deaths among
children under five years are directly attributable to diarrhoeal diseases [12].
Pathogenic microorganisms present in ready-to-eat foods as tomato indicates
a need for quality assurance improvements by local producers in order to reduce
consumer risk of exposure to infectious foodborne agents [13].
DOI: 10.4236/jep.2019.107056
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According to Gibbons et al. [13] ensuring good quality raw materials, adequate lethality treatment, and effective sanitation of both the equipment and
processing environment are crucial in preventing all forms of food contamination.
This study was carried out with the aim to assess the health risk associated
with heavy metals intake and the microbial quality of tomato produced in two
sites of Ouagadougou, Burkina Faso.

2. Material and Methods
2.1. Study Area
The study was conducted in Ouagadougou capital of Burkina Faso. Two main
areas presented in Figure 1 as Boulmiougou and Kossodo were selected on the
basis of groundwater and urban drains water irrigation. GPS Garmin eTrex Vista was used to registrate GPS coordinates of study sites at Ouagadougou. The site
of Boulmiougou was located at 12˚20'20'' North latitude and 1˚35'33'' West longitude. The Kossodo site is on the north-eastern edge of the Bangr-Weogo forest. It covers a vast flood plain of one hundred hectares. It is located at 12˚24'34''
latitude North and 1˚31'27'' longitude West.

2.2. Collection of Samples
Soil sampling
Soil samples were taken from 0 - 30 cm depth in two sites (Boulmiougou and
Kossodo) and prepared for physical and chemical analysis and heavy metal content using method of Somda et al. [9]. The temperature of study site was ranged
from 24.6˚C to 36.9˚C and 24.5˚C to 36.7˚C respectively for Boulmiougou and
Kossodo.

Vegetable and wastewater sampling
Tomato plants were grown very close to industries environment and affected
by human activities. The harvesting was at the end of October, 2018. Samples

Figure 1. Localization of sites of samples collection at Ouagadougou.
DOI: 10.4236/jep.2019.107056
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were taken by hands protected with vinyl gloves and carefully packed in polyethylene bags [14]. Fruit-sets of tomato were hand harvested, and low groundwater (wastewater) was collected from two sites (Boulmiougou and Kossodo) of
production. The samples were processed according to the method of Somda et

al. [9].
Processing of samples
The heavy metal concentration was determined in soil, wastewater and
fruit-sets of tomato using the method of wet mineralization [15]. Fruit-sets of
tomato were carefully washed with distilled water, dried at 105˚C for 24 h, powdered and weighted for analysis [16]. Together with fruit-sets harvesting for
heavy metal analysis, soil and wastewater were taken from each one of the harvested plants for investigation on microorganisms.

2.3. Wastewater Physico-Chemical Analysis
The parameters analyzed have concerned: pH, Conductivity (C), Suspended
Solids (SS), Total Soluble Salts (TSS), Sodium Adsorption Ratio (SAR), Biochemical Oxygen Demand (BOD5), N-NH4, N-NO3, Phosphorus (P). Parameters were analyzed according to methods of American Public Health Association
[17].

2.4. Acid Digestion and Heavy Metals Analysis
The digestion was made in autoclave using 100 ml bottles. Tri-acid mixture (15
ml, 70% high purity HNO3, 65% HClO4 and 70% H2SO4; 5:1:1) was added to the
beaker containing 1g dry vegetable sample [18]. The mixture was then digested
at 80˚C till the transparent solution was achieved.
After cooling, the digested samples were ﬁltered using Whatman No. 42 ﬁlter
paper and the ﬁltrate was diluted to 50 ml with deionised water. Determination
of the heavy metals such as, As, Cd, Cr, Cu, Hg, Ni, Se and Zn in the ﬁltrate of
samples and atmospheric deposits was achieved by atomic absorption spectrophotometer (Shimadzu Model 6800 with graphite furnace Model GFA 7000).
Thus wastewater parameters were analyzed according to the calibration methods used by the American Public Health Association for water and wastewater
Analysis [17].

2.5. Risk Assessment
Translocation factor calculation
Transfer factor is the ratio of the concentration of heavy metals in a plant to
the concentration of heavy metals in soil. The transfer factors (TF) for each
heavy metal was computed based on the method described by Li et al. [19],
Balkhair and Ashraf [20]. The TF value for the selected heavy metals was calculated according to the following equation:

(

)

(

)

TF =  Ps mg ⋅ kg −1 dry weight   St mg ⋅ kg −1 dry weight 
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where:
Ps: plant-metal content originating from the soil, St: the total heavy metal
contents in the soil.
Daily intake of metals (DIM )
Daily intake of vegetables in adult was calculated by data obtained during the
survey through a questionnaire. DIM was calculated by the following equation
[21]:
DIM = Cmetal × Cfactor × Dfoodintake  Baverage weight

Cmetal: Heavy metal concentrations in plants (mg·kg−1).
Cfactor: Conversion factor (CF) of 0.070 was used for the conversion of fresh
vegetables to dry weight.
Dfood intake: Daily intake of the food crops was 0.50 kg·person−1d−1.
Baverage weight: Body weight for the adult population was 55.0 kg.
These values were used for the calculation of HRI as well.
Health risk index (HRI)
The HRI refers to the ratio of the daily intake of metals in the food crops to
the oral reference dose (RfD) [22] and was calculated using the following equation: HRI = DIM /RfD.
An HRI > 1 for any metal in food crops indicates that the consumer population faces a health risk.

2.7. Microbiological Study
Viable microorganisms of different samples were assessed, as: Total mesophilic
aerobic [23], total coliform and fecal coliform [24], E. coli [24], Enterobacteriaceae [25], Salmonella spp. [26], Staphylococcus aureus [27]. On the other hand,
numeration of fungi and detection Pseudomonas spp. were made [28]. The
Principe of standard plate count was used for isolation and count of microorganism different groups. Microbial counts were expressed as the log of colony-forming-units per ml for liquid or per g for solid sample analyzed.

2.8. Statistical Analysis
Two-way analysis of variance (ANOVA) was used with STAT5 software version
8 to determine any significant difference at 5% probability of the studied metals
and microorganisms in the various samples while Monte-Carlo simulation was
used to estimate the dietary intake of the heavy metals by the populace.

3. Results and Discussion
3.1. Wastewater Properties
Physico-chemical parameters of wastewater of the investigated sites were significantly different (P < 0.01) and means values were given in Table 1. The pH of
wastewater was ranged with significant difference from 6.50 ± 0.10 to 9.40 ± 0.12
respectively for Boulmiougou and Kossodo. Wastewater Kossodo was highly basic than dam water of Boulmiougou (P < 0.01) at threshold of 5%. Also it
DOI: 10.4236/jep.2019.107056
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Table 1. Physico-chemical of irrigation wastewater.
Parameters

Site of Boulmiougou

Site of Kossodo

FAO standards

pH

6.50 ± 0.10

9.40 ± 0.12

6 - 8.5

a

b

Conductivity (µS/cm)

420.30 ± 1.75

a

2926.10 ± 20.13

Total Solids Salts (mg/L)

425.60 ± 2.75a

780.20 ± 2.15b

2000

Suspended Solid (mg/L)

110.20 ± 2.50a

540.15 ± 4.30b

-

Phosphorus (mg/L)

0.14 ± 0.002

7.30 ± 0.20

-

Sodium Adsorption Ratio

0.60 ± 0.05

Biochemical Oxygen Demand
(mg/L)

15.75 ± 0.14a

280.50 ± 2.50b

100

N-NO3− (mg/L)

15.25 ± 0.17a

160.10 ± 1.30b

10

N-NH +4 (mg/L)

0.35 ± 0.002a

9.70 ± 0.30b

30

a

a

b

43.25 ± 0.45

b

b

0-3

0.55

Values with the different letter in the same line are signiﬁcantly different at P < 0.01.

was higher than values obtained by Somda et al. [9] and FAO limits values. The
conductivity of Kossodo waters was 5 times higher than those of Boulmiougou.
Total solids salts and suspended solids in the prospected sites were ranged from
425.60 ± 2.15 to 780.20 ± 2.15 mg/L and 110.20 ± 2.50 to 540.15 ± 4.30 mg/L respectively for Boulmiougou and Kossodo. Also the phosphorus content was
ranged respectively 7.30 ± 0.20 and 0.14 ± 0.002 mg/L. The values of biochemical
oxygen demand varied from 15.75 ± 0.14 to 280.50 ± 2.50 mg/L.
The nitrate content of Kossodo samples (160.10 ± 1.30 mg/L) was significantly
higher (P < 0.01) than those of Boulmiougou (15.25 ± 0.17 mg/L). Results of
ammonium content revealed a significant difference (P < 0.01) in the same order
of samples (9.70 ± 0.30 mg/L and 0.35 ± 0.002 mg/L). The different values of
wastewater parameters of Kossodo have been ranged higher to acceptable safe
limit of FAO standards [29]. These high values are due to industrial activities
around the Kossodo site.
According to Balkhair and Ashraf [20] wastewater irrigation signiﬁcantly affected the soil chemical properties, especially at a 0 - 30 cm soil depth, and the
plant nutrients. Kiziloglu et al. [30] indicated that the application of wastewater
to soil increased the yield and the N, P, K, Fe, Mn, Zn, Cu, B and Mo contents of
cabbage plants without causing undesirable side effects to the plant’s heavy metal contents. So for Balkhair and Ashraf [20] high BOD values adversely affect the
growth of the plant. The suspended solids affect the plant growth because they
reduce the permeability of the soil, which, in turn, reduces the availability of
oxygen for the plant roots. Also high nitrate concentration could affect vegetable
crops and would be problematic when consumed by infants, possibly causing
blue baby syndrome.

3.2. Concentration of Heavy Metal Levels in Soils Irrigated with
Wastewater
The mean concentrations for each metal, over the entire span of the sampling
DOI: 10.4236/jep.2019.107056
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sites were shown in Table 2. The analytical results showed that concentrations
elements (mg·kg−1) like As, Cr, Cu, Ni, and Zn were ranged with significant difference (p < 0.01) as 20.47 ± 0.32, 13.30 ± 1.55, 233.92 ± 15, 61.10 ± 0.57, 125.49
± 11.95 from samples of Boulmiougou and 4.34 ± 0.12, 27.63 ± 0.75, 303.56 ±
12.25, 165.23 ± 15.75, 183.03 ± 11.75 for Kossodo. And yet no significant difference was found for Cd, Hg, Se in the different sites. Samples of Kossodo soil
contained the highest concentration of the metals Cr, Cu, Ni and Zn but recorded the least concentration for As. Our findings were higher to those of Adekiya et al. (2018) [31] respectively for As (0.62 mg·kg−1), Cd (0.09 mg·kg−1), Cr
(0.40 mg·kg−1), Cu (4.60 mg·kg−1), Ni (6.20 mg·kg−1), Pb (0.24 mg·kg−1) and Zn
(5.00 mg·kg−1). The concentration of Cr, Cu, Ni in this study exceeded the
FAO/WHO standard [29]. These ranges exceed the permissible limits for mineral soils in arid and Saharan regions. At high concentrations in soil, all heavy
metals have also strong toxic effects on plants which results in weak growth,
yield depression, disorders in plant metabolism and reduced nutrient uptake
[32] [33]. Contamination of the soil by heavy metals is often a direct or indirect
consequence of anthropogenic activities [34] [35]. Sources of anthropogenic
metal contamination in soils include urban and industrial wastes; mining and
smelting of non-ferrous metals and metallurgical industries [36]. Additionally,
one of the main sources of air pollution in urban areas are traffic, industry and
fossil fuel burning for heating purposes [37].

3.3. Concentration of Heavy Metal Levels in Wastewater
The analytical results showed that all the studied elements were detectable in
wastewater. Concentration of different metals (mg·kg−1) As, Cr, Cu, Ni, Zn were
found with significant difference (p < 0.01) as 9.25 ± 0.62, 6.01 ± 0.64, 105.77 ±
1.3, 27.65 ± 1.36, 56.74 ± 0.76 in the samples of Boulmiougou and 1.90 ± 0.22,
12.15 ± 65, 133.56 ± 1.7, 72.70 ± 0.45, 80.50 ± 6.10 from Kossodo. The lower
metal concentration was obtained with Cr (1.40 ± 0.92) of wastewater samples of
Table 2. Concentrations of heavy metals in the soil, wastewater and tomato fruit.
Site

Boulmiougou

Kossodo

Parameters
(mg·kg−1
or L −1)

Soil

Wastewater

Tomato

Soil

Wastewater

tomato

As

20.47 ± 0.32a

9.25 ± 0.62a

17.80 ± 0.32a

4.34 ± 0.12b

1.90 ± 0.22b

3.47 ± 0.15b

Cd

3.11 ± 0.65a

1.40 ± 0.92a

2.71 ± 0.02a

3.47 ± 0.50a

1.5 ± 0.29a

2.78 ± 0.01a

Cr

13.30 ± 1.55a

6.01 ± 0.64a

11.57 ± 0.2a

27.63 ± 0.75b

12.15 ± 65b

22.11 ± 0.1b

Cu

233.92 ± 15.50a

105.77 ± 1.3a

203.41 ± 1.20a

303.56 ± 12.25b

133.56 ± 1.7b

242.85 ± 2.10b

Hg

17.39 ± 0.95a

7.86 ± 0.76a

15.13 ± 0.30a

18.57 ± 0.50a

8.10 ± 0.73a

14.86 ± 0.10a

Ni

61.10 ± 0.57

27.65 ± 1.36

53.18 ± 0.20

165.23 ± 15.75

72.70 ± 0.45

132.19 ± 1.50b

Se

44.34 ± 0.40a

20.05 ± 0.12a

38.56 ± 0.10a

41.53 ± 0.75a

18.27 ± 0.65a

33.23 ± 0.15a

Zn

125.49 ± 11.95a

56.74 ± 0.76a

109.13 ± .25a

183.03 ± 11.75b

80.50 ± 6.10b

146.43 ± 1.12a

a

a

a

b

b

Values with the different letter in the same line are signiﬁcantly different at P < 0.01.
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Boulmiougou and higher value with Cu (133.56 ± 1.7) of Kossodo. Excepted As,
samples of Kossodo contained highest level of Cr, Cu, Ni, Zn than Boulmiougou.
No significant difference (p > 0.01) were detected concern the others elements.
In contrast, Somda et al. [9] have reported a lower level of heavy metals in the
wastewater from other sites as Paspanga and Tanghin. All the samples collected
from the two sites were above the maximum limits in the wastewater samples set
by FAO and reported by Somda et al. [9]. These ﬁndings demonstrated that high
level of metals may be due to industrial activity around the sites and agricultural
practices. These results may be of signiﬁcant environmental consequence because it was shown that higher rates of applied water (irrigation) increased the
amounts of heavy metals may lead to an accumulation in agricultural soils and
plants [38].

3.4. Concentration of Heavy Metal Levels in Tomato Irrigated with
Wastewater
The elemental analyses of all tomato fruits by were presented in Table 2. Statistical analysis showed significant difference (p < 0.01) in concentration of As, Cr,
Cu, Ni respectively with means values 17.80 ± 0.32, 11.57 ± 0.2, 203.41 ± 1.20,
53.18 ± 0.20, for Boumioulgou and 3.47 ± 0.15, 22.11 ± 0.1, 133.56 ± 1.7, 72.70 ±
0.45 for Kossodo. The load index values of heavy metals indicated that the tomatoes were strongly polluted with Cu (203.41 ± 1.20 - 242.85 ± 2.10) and
slightly polluted with Cr (2.71 ± 0.02 - 2.78 ± 0.01). The means values of this
study were higher comparing to reports of Adekiya et al. [31] like As (1.21), Cd
(2.53), Cr (1.23), Cu (20.37), Ni (3.43) and Zn (5.37). The samples showed As,
Cd, Cr, Cu, Hg, Ni, Se and Zn levels that were higher than the FAO/WHO
limits. The concentrations of heavy metals in tomato samples according
FAO/WHO limits values in mg·kg−1 were of 0.1 (As); 0.1 - 0.2 (Cr), 0.1 (Pb); 0.1
(Cu); 0.1 (Zn); 0.1 (Ni); 0.02 (Cd). Also these values were higher than those reports by Somda et al. (2019) [9] in different areas (Paspanga and Tanghin). The
main reason of high concentration of heavy metals may due to industrial practices as the proximity of tannery factory to site of Kossodo.
These high levels of heavy metals in tomato fruit were due to wastewater level
in heavy metals, agricultural methods and industrial activity around the sites.
The metal concentrations showed variation which can be attributed to the differences in physiology of the different samples for uptake, exclusion, bioaccumulation and retention of heavy metals [39]. The results from earlier reports of
Somda et al. [9] demonstrated that plants grown on wastewater-irrigated soils
are contaminated with heavy metals and pose a health concern. According to
other authors the use of wastewater from the city in agriculture irrigation may
have significant effects of accumulation of toxic heavy metals in soils and agricultural practices. The use of wastewater from the city in agriculture irrigation
may have significant effects of accumulation of heavy metals in soils and agricultural products [8]. These toxic heavy metals transferred and concentrated inDOI: 10.4236/jep.2019.107056
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to plant tissues from the soil due to absorption that commonly occurs in the root
system, where it is in direct contact with pollutants. Specially Cd is a
non-essential heavy metal but extremely toxic even at low concentration. It
causes learning disabilities and hyperactivity in children [40] [41]. At high levels,
Zinc is a neurotoxin [42]. Copper is an essential substance to human life. High
concentration of Cu may cause metal fumes fever, hair and skin discolorations,
dermatitis, respiratory tract diseases, and some other fatal diseases in human
beings [43]. At high concentration Cr is toxic and carcinogenic [44]. Exposure to
nickel toxicity produces a specific form of dermatitis and may include the lining
and nasal cavity cancer [45].

3.5. Transfer Factor of Heavy Metals from Soil to Tomato Fruit
The transfer factor (TF) values of the metals in the tomato fruit were presented
in Table 3. The (TF) were not shown signiﬁcant differences (p > 0.01) in all the
sites and were exhibited mean value of 0.865 for Boulmiougou site and 0.795 for
Kossodo. TF values of the metals in the samples of Boulmiougou were rather
high than those of Kossodo due to pH of wastewater level. Wastewater of Kossodo was highly basic than dam water of Boulmiougou.
The trace metal transfer for As, Cd, Cr, Cu, Hg, Ni, Se and Zn concentrations
in all of samples were below what are considered as acceptable limits (<1) for
food production in soil and vegetables. High TF values for heavy metals were
shown in the soil of Boulmiougou. These results indicated that the uptake of
heavy metals by food crops increase linearly with increasing metal concentrations in the soil and wastewater. This remark is in disagreement with the previous ﬁndings of Rattan et al. [46].
According to Luo et al. [47] metals that have a high transfer factor migrate to
the edible part of the plant easier than do those with a low transfer factor; this is
the reason that these metals reﬂect their high accumulation values in various
food crops to such a high ratio.

3.6. Daily Intake of Metals and Human Health Risk Assessment
The results for the evaluation of the DIM and HRI from the heavy metal-contaminated tomato fruit were presented in Table 4 for wastewater irrigation.
The degree of toxicity of heavy metals to human being depends upon their
daily intake. Heavy metals intake through consumption of tomato fruit consumed showed large variation.
The DIM of tomato fruit-sets of Boulmiougou (0.0113 mg·kg−1·person-1·d−1)
ranged with significant difference (p < 0.01) concern Arsenic (As) to those Kossodo (0.0022 mg·kg−1·person−1·d−1). The rest of elements showed no significant
difference (p > 0.01) of means values of DIM varied respectively for Cd (0.0017 0.0017), Cr (0.0073 - 0.0140), Cu (0.1294 - 0.1545), Hg (0.0094 - 0.0096), Ni
(0.0338 - 0.0841), Se (0.0211 - 0.0245) and Zn (0.0694 - 0.0931).
DOI: 10.4236/jep.2019.107056
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Table 3. Transfer factors (TF) of the heavy metals from soil to tomato fruit.
Heavy metals (mg·kg−1 )

Site
Boulmiougou

Kossodo

As

0.86 ± 0.02

a

0.79 ± 0.01a

Cd

0.87 ± 0.01a

0.80 ± 0.02a

Cr

0.86 ± 0.01a

0.80 ± 0.02a

Cu

0.86 ± 0.02a

0.80 ± 0.02a

Hg

0.87 ± 0.01a

0.80 ± 0.01a

Ni

0.87 ± 0.01a

0.80 ± 0.01a

Se

0.86 ± 0.01a

0.80 ± 0.01a

Zn

0.86 ± 0.03a

0.80 ± 0.01a

Values with the different letter in the same line are signiﬁcantly different at P < 0.01.

Table 4. Daily intakes of metals (DIM) (mg·kg−1·person−1·day−1) and the Health Risk Index (HRI) for individual heavy metals in lettuce irrigated with wastewater.
Risk assessment index
Heavy metals

RfD
(mg·kg−1day−1)

Boulmiougou
DIM

Kossodo

HRI
0.0226

DIM

0.5

0.0113

Cd

0.5

0.0017a

0.0034a

0.0019a

0.0035a

Cr

0.3

0.0073a

0.0245a

0.0140b

0.0469a

Cu

0.2

0.1294a

0.6472a

0.1545a

0.7727a

Hg

0.14

0.0096a

0.0687a

0.0094a

0.0675a

Ni

0.4

0.0338a

0.0846a

0.0841a

0.2103b

Se

0.6

0.0245a

0.0408a

0.0211a

0.0352a

Zn

0.3

0.0694a

0.2314a

0.0931a

0.3106a

a

0.0022

HRI

As

a

b

0.0044b

RfD: Oral reference dose (RfD), Values with the different letter in the same line are signiﬁcantly different at
p < 0.01.

The HRI values were ranged for As (0.0044 - 0.0226 with significant difference, p < 0.01), Cd (0.0017 - 0.0035), Cr (0.0245 - 0.0469), Cu (0.6472 - 0.7727),
Hg (0.0675 - 0.0687), Ni (0.0846 - 0.2103 with significant difference, p < 0.01), Se
(0.0245 - 0.0352) and Zn (0.2314 - 0.3106).
The results of DIM and HRI exhibited values less than 1. HRI < 1, but it could
not exclude a possible future human health risk via the intake of tomato
fruit-sets produced in the sites of Boulmiougou and Kossodo. According to
Muchuweti et al. [38], the route of exposure via the food chain is one of the key
pathways of heavy metal exposure to humans.

3.7. Microbial Quality of Tomato Fruit
The mean bacterial count of the isolates in the food samples were expressed as
log cfu·g−1 and presented in Table 5. Tomato fruits were classified as acceptable
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if the bacterial count was less than or equal to 5 log cfu·g−1. Statistically, total
mesophilic aerobic count exhibited with significant difference (p < 0.01) between
the samples of Boulmiougou (4.15 ± 0.02 log cfu·g−1) and Kossodo (2.94 ± 0.05
log cfu·g−1). These results were lower than 7.0 ± 0.46 log cfu·g−1 reported by Adekiya et al. [31] on ready to eat tomato fruit.
A significant difference count of Enterobacteria (p < 0.01) was found and
ranged respectively 2.28 ± 0.27 and 1.88 ± 0.19 log cfu·g−1. The presence of Enterobacteria in raw vegetables is not necessarily associated with fecal contamination, because the majority of the genera are part of the endogenous microflora of
the product [9].
The presence of bacteria concern Fecal coliform, E. coli, Salmonella spp. were
detected with no significant difference from the two investigated with respectively ranged values 1.90 ± 0.44 to 2.01 ± 0.19, 1.20 ± 0.11 to 1.67 ± 0.25, 0.94 ±
0.25, 1.29 ± 0.08 log cfu·g−1. According to Ray [48] did indicate that total and
fecal coliforms are present in raw foods of plant origin from contaminated soil
or water. Authors as Gassama et al. [49] assumed that most E. coli strains are not
regarded as pathogens; however a few strains are opportunistic causing infections in immunosuppressed host.
The mean values of Staphylococcus spp., Pseudomonas spp, then yeast and
moulds occurred with no significant difference (p > 0.01) respectively 1.14 ±
0.14 to 1.28 log cfu·g−1, 0.12 ± 0.01 to 0.16 ± 0.04, 2.10 ± 0.13 to 2.90 ± 0.35. Studies conducted by Le Loir et al. [50] indicated that in all cases of Staphylococcal
food poisoning of food, the enterotoxin producing S. aureus strain was exposed
to temperatures suitable for the growth of S. aureus. Concern Pseudomonas spp,
it often responsible for spoilage of fresh vegetables due to the production of pectinolytic enzymes which cause breakdown of the peptic polymers in plant cells
[51]. Tournas and Katsoudas [52] referred the possible health problems associated with the presence of moulds in vegetables, as some may produce mycotoxins.
Table 5. Microbial characteristics of lettuce from Boulmiougou and Kossodo.
Microorganismes (log cfu·g−1)

Tomato fruit
Boulmiougou

Kossodo

Total mesophilic aerobic

4.15 ± 0.02

2.94 ± 0.05b

Total coliform

2.4 ± 0.06a

1.88 ± 0.19a

Fecal coliform

2.01 ± 0.19a

1.90 ± 0.44a

E. coli

1.67 ± 0.25a

1.20 ± 0.11a

Salmonella spp.

1.29 ± 0.08a

0.94 ± 0.25a

Enterobacteria

2.28 ± 0.27a

0.40 ± 0.15b

Staphylococcus spp.

1.28 ± 0.19a

1.14 ± 0.14a

Pseudomonas spp.

0.16 ± 0.04a

0.12 ± 0.01a

Yeast and moulds

2.90 ± 0.35a

2.10 ± 0.13a

a

Values with the different letter in the same line are signiﬁcantly different at P < 0.01.
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The counts of the different microorganisms enumerated were higher than the
limits values of FAO/WHO [53]. All of samples tested in this study were presented satisfactory level of microorganisms.

4. Conclusions
The results of this study supply valuable information about the metal contents
and microbial quality in tomato fruit irrigated with wastewater in Burkina Faso.
The results showed that heavy metals are more concentrated in the samples of
tomato fruits that are closer to the industrial sites.
Irrigation with wastewater exhibits an increase in the concentrations of metals
in both the soil and the vegetable. Tomato, is not crops for which is suitable to
be grown in industrially polluted areas, because they accumulate significant
quantities of heavy metals and microorganisms can be dangerous for consumption. The present study showed significant relationship between wastewater, soil
and heavy metal accumulation in vegetable. So wastewater irrigated fields can
cause potential contamination with heavy metals to soil and vegetable, thus
causing a threat to human beings.
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