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 Determination of Heavy Metals Concentration in Tomatoes (Solanum Lycopersicum) Collected from Selected Farms in Wukari, Taraba State, Nigeria

Abstract:
This study determined the concentrations of some heavy metals (Cu, Cd, Pb and Cr) in tomatoes collected from some selected farms (labelled TF-A-TF-E) in Wukari, Taraba State, Nigeria using AAS. The result showed that the concentrations of all the heavy metals in the analyzed tomato fruits were within 0.003-0.100 mg/kg, and therefore within permissible limits of 40 mg/kg for Cu, 0.2 mg/kg for Cd, 0.3 mg/kg for Pb, and 2.3 mg/kg for Cr given by FAO/WHO. However, Cd was not detected in all the samples while Cu was not detected in sample TF-D and TF-E. The concentrations of Cu, Pb and Cr ranged from 0 to 0.100, 0.008 to 0.027 and 0.003 to 0.021 mg/kg, respectively with the highest concentrations observed in tomato fruits from farms A, B and C. Therefore, the monitoring of heavy metals in vegetables needs to be continued because these are the main sources of food for humans in many parts of the world and are considered as bio-indicators of environmental pollution. Consumers of vegetables products should be also screened for any incident of heavy metal contamination.
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Introduction:
“Food is essential for the upkeep and growth of living things especially humans. Due to the nutritional values of vegetables, people are encouraged to add vegetables to their meals. Globally, contamination by heavy metals from anthropogenic activities such as vehicular emission, power plant, tire wear particles, auto repair shops, car wash centres, brake lining, coal combustion, chemical plants, weathering of building, atmospheric deposition, household solid waste, mining pesticides and fertilizers have been reported as a major environmental problem for last few decades” (Esther Pérez-Figueroa, C. et.al, 2023)
“Uptake of heavy metals by plants and subsequent accumulation along the food chain is a potential threat to animal and human health” (Sprynskyy et al., 2010). “The absorption by plant roots is one of the main routes of entrance of heavy metals in the food chain” (Jordao, et al., 2012). “Absorption and accumulation of heavy metals in plant tissue depends upon many factors which include temperature, moisture, organic matter, pH and nutrient availability. Heavy metals accumulation in plants depends upon plant species and the efficacy of different plants in absorbing metals” (Khan et al., 2015; Yaradua et al., 2019).
“Utilization of vegetable crops contaminated with heavy metals is a major food chain route for human exposure. The food plants whose system of monitoring is based on exhaustive and continuous cultivation, have a great capacity of absorbing elements from the soil. The cultivation of such plants in contaminated soil represents a potential risk since the vegetable tissues can accumulate heavy metals” (Jordao et al., 2012). “Owing to this growing concern, the assessment and monitoring of these environmental contaminants in fruit and vegetables becomes a viable approach, for effective management and consumers’ health” (Ishaq, et. al, 2020). 
“Vegetables contain essential nutrients and trace elements” (Abdullahi & Chmielnicka, 2010). “They constitute an important part of human diet since they contain carbohydrates, proteins as well as vitamins, minerals, trace elements and fibres, and also have beneficial anti-oxidant properties” (Dastane, 2015). “Their consumption is increasing gradually among the urban community. This is due to increased awareness on food value of vegetables, as a result of exposure to other cultures and acquisition of education” (Fisseha, 2012). “Rapid industrialization and urbanization with insufficient environmental monitoring planning often results in discharging of the industrial and sewage waste into rivers and lakes which lead to gradual pollution of our water resources. Many times, such waste water is drained to the agricultural land where the polluted water is used for irrigating crops including vegetables. Thus, polluted effluent water is found to be rich not only in organic matter and nutrients but also in heavy metals like lead, chromium, cadmium, nickel, cobalt and others that finally get to the soil of agricultural farmlands. This leads to food chain contamination as crops and vegetables absorb them from the soil. Heavy metals are not easily biodegradable and as such lead to their accumulation in human vital organs causing varying degree of illness on acute and chronic exposure” (Ward et al., 2008). “Heavy metal contamination of vegetables cannot be underestimated as these foodstuffs are important components of human diet. Long term weathering and soil mineralization may lead to the accumulation of heavy metals in agricultural soils and plants. Food safety issues and potential health risk make this as one of the most serious environmental concern” (Cui et al., 2014). 
When vegetables are contaminated with heavy metals, these metals accumulate and lead to the malfunctioning of some human organs. Bearing in mind the probable toxicity and persistent nature of heavy metals and the frequent consumption of vegetables, this study is carried out to ascertain the safety of vegetables consumed by humans within the study area.
Materials and Methods
Sample Collection and Preparation
Fresh vegetable samples (tomato fruits,) were randomly collected at different spots from five different farms (A, B, C, D & E) in Wukari local government, Taraba State. The period of collection was during dry season, when irrigation practices are usually carried out. Permission was also sought from the farmers, before visiting, to collect samples. All collected tomato samples were in this order: TF-A (tomato fruits from farm A), TF-B (tomato fruit from farm B), TF-C (tomato fruit from farm C), TF-D (tomato fruit from farm D), TF-E (tomato fruit from farm E) which was stored in cleaned polythene bags according to their types and brought to the laboratory for analysis.  
“The collected samples were washed thoroughly with fresh tap water and rinsed three times with distilled water to remove surface pollutants and any items adhering to the surfaces. Vegetable samples were sliced into small pieces and open air dried on paper for about 2 hours to eliminate excess moisture. Each sample was weighed, dried in an oven at 80 °C” (Larry & Morgan, 2005) for several hours and reweighed to constant weight. The dried sample was ground in a mortar until it could pass through a 2 mm mesh sieve and stored in a clean and dry polyethylene bag appropriately labelled.
[bookmark: _Toc461188541][bookmark: _Toc461189234][bookmark: _Toc103267023]Digestion Procedure (Wet Ashing using HNO3 and HClO4)
“About 1.0g of each dried vegetable sample was weighed on an analytical weighing balance and was transferred into a pyrex beaker. 15mL of conc. HNO3 and 5ml of HClO4 were measured in a measuring cylinder and was transferred into different beakers containing the dried vegetable samples. The beakers were placed on a hot plate to digest at 150°C. After an hour of digestion, 2mL conc. HCl was added to the reacting mixture and was allowed to digest for two hours. Digestion was completed for different vegetable samples when the solution became colourless and white fumes evolved” (Buchaure, 2002). The digested samples were allowed to cool at room temperature (25°C), filtered and transferred into a 50ml volumetric flask and diluted to mark with distilled water. The solution was then analyzed using atomic absorption spectrophotometer (Model: AA240FS).
Results and Discussion
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	Metal
	TF-A
	TF-B
	TF-C
	TF-D
	TF-E

	Cu
	0.100(0.003)
	0.100(0.001)
	0.100(0.001)
	0.000
	0.000

	Cd
	0.000
	0.000
	0.000
	0.000
	0.000

	Pb
	0.027(0.002)
	0.008(0.001)
	0.018(0.002)
	0.009(0.001)
	0.008(0.001)

	Cr
	0.021(0.003)
	0.003(0.001)
	0.005(0.001)
	0.008(0.001)
	0.009(0.001)



Note: Values are M(*SD), n=3. TF-A to TF-E are tomato fruit samples from sites A-E
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Figure 1: Comparison of mean concentrations of heavy metals in tomato samples with FAO/WHO standard limits.
The concentrations (mg/kg) of Copper (Cu), Cadmium (Cd), Lead (Pb) and Chromium (Cr) in the five tomato samples obtained from Wukari is presented in Tables 1. Cadmium (Cd) was not detected in the five tomato samples while Copper was not detected in TF-D and TF-E samples. Generally, the concentrations of the metals in the tomato fruits obtained from farms A, B and C are in the decreasing order: Cu >Pb>Cr>Cd. The concentrations of the metals in the tomato fruits obtained from farm D are in the decreasing order: Pb>Cr>Cu=Cd. The concentrations of the metals in the tomato fruits obtained from farm E are in the decreasing order: Cr>Pb>Cu=Cd.
The concentrations of all the heavy metals in the analyzed tomato samples is contained in Figure 1, and the values were found to be within the permissible limits given by the FAO/WHO. The values for copper (0.1) and lead (0.008 to 0.027) were far below the permissible limit.
Results of this study shows that the heavy metal concentrations varied for each tomato fruit which is as a result of the different extent of pollution within the farmland location from which these tomato fruits were obtained and the fact that all the tomato fruits will be affected differently. This variation in the concentration of heavy metals in tomato fruits could be attributed to the difference in tomato uptake and sensitivity to these heavy metals. This may also be due to the fact that each tomato fruit has different routes of absorbing heavy metals and this is evident to the extent of exposure to polluted environment. 
“However, studies have shown that vegetables have the ability to accumulate metals in both their edible and non-edible parts, depending on their nature. Some have a higher potential to accumulate higher concentrations of heavy metals than others” (Akan et al., 2009).
The concentrations of Copper (Cu) in the tomato fruits were within the range of 0 to 0.100 mg/kg. The results obtained were observed to be lower than the concentration of Cu in carrot, cucumber and spinach which were 5.00, 5.75 and 5.32 mg/kg respectively (Elbagermi et al., 2012). They were also lower than 0.218 to 0.205 mg/kg of copper found in tomato fruits.
Cadmium Cd) was not present in the tomato fruits. Cadmium is non-essential and has no advantageous part in plants, animals and people and has no nutritious capacity, as they are exceptionally toxic. Cd and micronutrients have solid cooperation in gastrointestinal assimilation. The safe limit of Cd for vegetable samples approved by the WHO/FAO (2001) is 0.20 mg/kg.
The concentration of lead in the analyzed tomato samples as shown in Table 1 was highest in tomato from farm A and was lowest in tomato from farms B and E. The concentration of Lead (Pb) in the tomato samples were within the range of 0.008 and 0.027 mg/kg. The value obtained from the study area is lower than those reported in the leaves of lettuce (0.01 mg/kg) by Adu et al. (2012) and tomato fruits (0.175 to 0.219 mg/kg). “The Pb content was lower compared to the WHO/FAO, (2001) safe limit of 0.3 mg/kg. This is an implication that the health risk associated with the consumption of Lead (Pb) through tomatoes is very low. Excessive intake of Pb may enhance carcinogenic activities involved in DNA damage” (Silbergeld et al., 2003). 
Chromium (Cr) concentration was found to be within the range of 0.003 and 0.021 mg/kg. Chromium (Cr) plays a vital role in the metabolism of cholesterol, fat, and glucose. Its deficiency causes hyperglycaemia, elevated body fat, and decreased sperm count, while at high concentration it is toxic and carcinogenic (Chishti et al., 2011). The chromium content in this study was lower than that reported for tomato fruits (0.506 to 0.568 mg/kg). The values obtained in this study are therefore lower than the Cr safe limit of 2.30 mg/kg by WHO/FAO (2001).
[bookmark: _GoBack]Cr amounts in tomato fruits vary related to their growing areas in different countries of the world. Abdullahi et al., 2007 and Akan et al., 2009 observed higher Cr values in tomatoes in River Challawa, Kano Coast, Nigeria. “Obtaining higher Cr values near a river is remarkable, especially similarity of the pollutant types” (Akan et al., 2009; Reilly, 2004). “However, in Karachi, Pakistan quite lower values were observed in tomato fruits obtained from different markets” (Hashmi et al., 2018).
Conclusion
The findings of this study on tomato samples confirmed the presence of the studied heavy metals in certain amounts with the exception of Cd. Levels of the heavy metals in the tomato fruits were found to be within the safe limits of 40 mg/kg for Cu, 0.2 mg/kg for Cd, 0.3 mg/kg for Pb, and 2.3 mg/kg for Cr as prescribed by WHO/FAO (2001). Also, it is clear that tomatoes have high retention capacity for essential metals than toxic ones. The result also confirms that the uptake of these heavy metals by vegetables increases especially during the dry season which arises from irrigation with contaminated water. Therefore, the monitoring of heavy metals in vegetables needs to be a routine exercise, because these are the main sources of food for humans in many parts of the world and are considered as bio-indicators of environmental pollution. 
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