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The contamination of soils with heavy metals or micronutrients in phytotoxic concentrations generates adverse effects not only 

on plants but also poses risks to human health [24]. Afterwards, the consumption of contaminated vegetables constitutes an 

important route of heavy metal exposure to animals and humans [17]. 
 

Abandoned waste dumpsites have been used extensively as fertile grounds for cultivating vegetables, though research has 

indicated that the vegetables are capable of accumulating high levels of heavy metals from contaminated and polluted soils 

[36,30]. The type of irrigation system employed in the farmlands of Kaduna metropolis is the surface irrigation where water is 

applied directly to the soil surface through channel which varies in size from individual furrow to large basin. In some 

settlements within Kaduna metropolis, substantial amount of vegetables was produced. These farms are irrigated with waste 

water from Kaduna River and some other rivers and drainages within the metropolis. For the past several decades, the water from 

these rivers was clean. However, with the increase in the urban population and industrialization, various pollutants, among which 

are heavy metals are drained from this river to farmlands which have   negatively affected the health of people of Kaduna 

Metropolis. This study is limited to waterleaf and lettuce farm within Kaduna metropolis with a view to finding solution to some 

of the environmental health pollutant affecting human health in our environment 

 

Materials and methods 

Materials: The instruments and reagents used in this research were of analytical grade, these materials include: Beaker, Conical 

flask, Crucible, Funnel, Whattman No.1 filter paper, measuring cylinder, Weighing balance (DS-75), Digestion flask and AAS 

spectrophotometer (PG-990). 

 

Reagents: Perchloric acid (HCl04), Nitric acid (HN03), concentrated Sulphuric acid (H2S04), Distilled water were used.\ 

 

Samples: Some commonly consumed vegetable was used as samples for the analysis of the heavy metals, they include: Lettuce, 

Water leaf. 

 

Sample Collection: Three samples each of the 2 vegetable samples were collected randomly from 3 different farms in the 

outskirts of Sabon Tasha, Kaduna State. Sample were transported to the laboratory for further used. 

 

Sample Preparation:The vegetables were collected from three (3) different farms in Sabon Tasha area of Kaduna and were 

brought into the laboratory. The leaves were plucked from the stem and were washed with distilled/de-ionized water in order to 

remove dirt and impurities and then air-dried for about two weeks to remove enough amount of moisture; after which they were 

dried to constant weight at 105 0C in the oven. The dried samples were pulverized using a plastic mortar and pestle and stored in 

label plastic containers for analysis.   

 

Digestion Procedure: The glass wares were washed and cleaned properly and were rinsed with distilled water. Five (5) grams of 

each sample were weighed into a beaker, 10ml each of Nitric and Perchloric acid and 1ml of Sulphuric acid were mixed into 

separate beaker, the acid mixtures were added to the sample in the beaker and were stirred continuously for few minutes, and 5ml 

of distilled water was added and was stirred again. The solution was filtered into a volumetric flask and was poured into a labeled 

sample bottle; the volumetric flask was rinsed with distilled water into the sample which was made up to the mark [34]. 

 

Analysis: The analysis of trace element present in the sample solution was carried out using Atomic absorption 

spectrophotometer (AAS) [35, 27]. Nitrous oxide in place of air result in a higher temperature and this is necessary for the 

estimation of certain elements [27]. 

 

Result and Discussion 

Heavy Metals Concentration in Waterleaf and Lettuce: Many studies have reported the potential of heavy metals 

accumulation in water leaf [21, 29]. Generally, high level of pollution in the town being an industrial city, may also contribute to 

this. However, the levels were slightly lower compared to what is actually obtainable in a typical municipal dumpsite in Nigeria. 

For instance, Eze [5] reported Pb level of 20.26 to 25.10 mg/kg in waterleaf around municipal dumpsite in Gombe, Nigeria; and 

Ebong et al. [22] reported a level of 43.28 mg/kg for municipal dumpsite in Uyo. On the other hand, it may be concluded that 

heavy metal levels obtained in this study were lower compared to what many other researchers have reported due to environment 

differences.  
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Table 1: Heavy Metal concentration in Waterleaf. 
 

 Metal Concentrations in waterleaf from the three farms  (µg/g) 0r (ppm) 

 Ni Cu Cd Zn Cr Pb Co Hg Fe Sr 

A 8.30±0.25 5.51±0.82 0.48±0.11 7.88±0.82 0.00±0.00 0.76±0.02 5.85±0.81 0.00±0.00 199.57±0.02 82.22±8.20 

B 4.81±0.33 2.77±0.84 0.57±0.16 29.10±7.38 2.16±0.02 18.80±1.14 6.01±0.01 0.01±0.00 121.38±0.02 78.90±0.25 

C 7.21±1.63 1.83±0.51 0.25±0.04 18.52±1.09 0.18±0.02 0.32±0.06 3.90±0.10 0.00±0.00 112.34±0.82 55.20±0.00 

 

Key:  A is Rafin Romi, B represent Juji farm and C is for Station farm. (ppm) part per million 

 

Allowable Limit of trace Metals are based on 0.04, 0.02, 0.03, 0.7, 0.003, 0.001, 0.014, 0.3, and 0.004 mg/kg for Cu, Ni, Co, Fe, 

Cr, Cd, Mn, Zn, and Pb, respectively USEPA [15]. 
 

Table 1 above present the concentration values of the various elements determined in water leaf (Talinum triangulare) vegetables 

in three different farms located in an outskirt of Sabon Tasha using AAS technique. Concentrations of the metals were in the 

order of Cr & Hg < Cd < Pb < Cu < Co < Zn < Ni < Sr < Fe. For location B the other is Hg < Cd < Cr < Cu < Ni < Co < Pb < Zn 

< Sr < Fe and then location C goes with the pattern Hg <Cr < Cd < Pb < Co < Cu < Co < Ni < Zn < Sr < Fe. In water the trend 

shows that in the three location of the farm where the samples were collected mercury (Hg) has the lowest concentration in the 

leaves while the highest is recorded for iron (Fe).  These leaves are consumed in daily bases of which excess intake of metal from 

it hampers human health. The average quantity of vegetable to be taken on daily basis by adults and children were given as 0.345 

and 0.232 kg/person/day respectively based on reports of Wang [32] and (FAO/WHO). This is equally established to help in 

reducing metal bioaccumulation in the body.  The table also show a concentration variation in Fe and Sr as a result of their 

natural abundant value in the soil. Also, the study area is predominantly around the anthropogenic activity area which might have 

contributed significantly to their deposit in the soils used for the cultivation of the vegetable and absorbed by the plants during 

growth. In the study carried out by Ukpabio et al. [3] with regard to heavy metals in water leaf at Aba, south east of Nigeria, Fe 

concentrations in water leaf samples ranged from 86.0 ± 1.92 to 110 ± 0.67 ppm while Zn concentrations in water leaf samples 

ranged from 3.16 ± 0.87 to 76.1 ± 0.02 ppm. This values were less than the one obtained in this study which are in turn lower 

than the one obtained in the study of Bukar and Onoja, [1].  The explanation to this could possibly be that the environment in this 

study were within metropolis and using irrigation with water that might have mixed up with storm from municipality.   

 

 
Fig. 1:  Heavy metal concentration chart for the farms used in Sabon Tarsha for waterleaf. 

 

Table 2. Heavy Metal Concentration in Lettuce. 

 

 Metal Concentration in Lettuce from the three farms 

farm Ni Cu Cd Zn Cr Pb Co Hg Fe Sr 

A 6.30±1.63 0.76±0.16 2.61±0.81 0.18±0.40 0.13±0.02 0.47±0.11 0.33±0.18 0.00±0.00 0.09±0.02 16.50±0.82 

B 0.70±0.01 0.58±0.06 1.68±0.16 0.43±0.02 0.57±0.16 0.72±0.22 0.52±0.01 0.0019±0.00 0.46±0.24 9.35±0.24 

C 0.89±0.10 1.05±0.04 0.87±0.35 0.02±0.01 0.22±0.05 0.85±0.08 0.09±0.02 0.00±0.00 0.28±0.28 22.14±0.01 

Key:  A is Rafin Romi, B represent Juji farm and C is for Station farm. 
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Results for lettuce (Lactuca sativa) are presented in table 2 and the metal concentrations are in the order of Hg < Fe < Cr < Zn < 

Co < Pb < Cu < Cd < Ni < Sr. for B location, the trend followed the pattern Hg < Zn < Fe < Co < Cr < Cu < Ni < Pb < Cd < Sr 

and for the C location the trend is Hg < Zn < Co < Cr < Fe < Pb < Cd < Ni < Cu < Sr. the trend shows that in all cases, mercury 

showed the least while strontium remain the highest contaminant in the sample. 

 

 
Fig. 2: Heavy metal concentration chart for the farms used in Sabon Tarsha for lettuce. 

 

Comparison of the Metals Concentration in waterleaf and lettuce: Comparing the metal concentration level with the standard 

according to USEPA [15] showed that all the sample are above the acceptable limit standard. Also, comparing the result of Table 

1 to that of Table 2, it showed clearly that apart from Zn that is higher in the table compare to those in Table 1. Metals in table1 

are all higher than those in table 2.  

Zinc is essential for normal growth, development, reproduction, and many other psychological functions in the body, although if 

it is beyond the limit, it will have adverse effect on the body such as anemia or reduced bone function. In this study, waterleaf 

have higher concentration of zinc with a total mean value of 18.5 ± 8.66, compare to 0.21± 0.17 in lettuce and this is above the 

0.3-mg kg−1 day−1 recommended level by FAO/WHO for waterleaf but within limit for lettuce [6]. 
 

Lead is a highly toxic metal, and a high level of it in the body can affect the kidneys, gastrointestinal tract, joints, and 

reproductive system. In this study, lead was only detected in waterleaf with the total mean value (6.63mg/ kg), and this is above 

the recommended value of 0.004 mg kg−1 day−1 by FAO/WHO [8]. In lettuce lead total mean value stood at 0.69mg/kg. 

Therefore, the two sample exceed the acceptable limit of which bioaccumulation may hamper human health. 
 

Iron is very essential for the proper functioning of the body. Most iron present in the body is found in the blood as hemoglobin 

that helps in oxygen transport. Excessive iron in the body can enlarge the liver and may provoke diabetes and cardiac failure. The 

total mean value of iron (mg/kg) was higher in waterleaf (114.43) than in lettuce (0.28). The value was above the 0.7 mg kg−1 

day−1 recommended by FAO/WHO [8] for water leaf and was within the acceptable limit for lettuce.  
 

Copper is an important mineral element for plants and animals; high dosage of it can lead to anemia, liver and kidney damage, 

and stomach and intestinal irritation. The total mean concentration of copper is higher in waterleaf (3.37) than in lettuce (0.80). 

These values are above the 0.04 mg kg−1 day−1 recommended by FAO/WHO [8].  
 

Chromium is an important trace element essential for carbohydrate metabolism, and its deficiency can lead to impaired glucose 

tolerance. In this work, the total mean value of chromium was higher in waterleaf (0.78 ± 0.98) than in lettuce (0.31±0.19). These 

values are not above the 1.5 mg kg−1 day−1 recommended by FAO/WHO [8]. 
 

Conclusion: The result obtained showed variation in the degree of absorption of various heavy metals in water leaf and in 

lettuce. The bioaccumulation of the naturally abundant heavy metals Sr and Fe by waterleaf were more than the other elements. 

The high concentrations of Sr and Fe as indicated in Table 1 and that of Sr in table 2  absorbed by lettuce could be attributed to 

the fact that these elements were naturally abundant, most of the small and medium scale industries within the metropolis utilized 

materials that contain these heavy metals in addition to them being utilized by almost every household on a daily basis, thus, this 

might have generated a lot of waste containing these heavy metals and disposed along the bank of river Kaduna a or be 

transported directly to the farmlands used for cultivation through rain storm, wind and erosion. It can also be observed that the 

maximum concentration values of Fe, Cr, Co and exceed the FAO/WHO maximum permissible limit (MPL), hence the 

consumption of water leaf and lettuce cultivated in the study sites might cause heavy metals to accumulate in human organs and 

constitute health risk. Therefore, there is the need for periodic investigation to ascertain the level of bioaccumulation of heavy 

metals in the crops to be cultivated in the study area. Also frequent investigation on bioaccumulation of heavy metals in water 

leaf cultivated in the study sites is needed to avoid unnoticeable buildup on the metals within the MPL values that might leads to 
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potential health risks. The levels of Cr were within the FAO/WHO [31] limit of 2.30 mg/kg in leafy vegetables, while those of Cd 

were slightly higher than the limit (0.2 mg/kg). The FAO/WHO [8] standard for Pb in the vegetable is 0.3 mg/kg. 
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