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Abstract

X-ray fluorescence (XRF) technique was used to investigate the accumulation of heavy metals in fluted pumpkin
(Telfairia occidentalis), African spinach (Amaranthus hybridus) and water leaf (Talinum triangulare) harvested
from two (2) farms in St. Louis and Osuma Layout in Owo Local Government Area, Ondo State. The heavy
metals detected, chromium (Cr), zinc (Zn), manganese (Mn), iron (Fe), titanium (Ti), strontium (Sr) and
aluminium (Al) were more available in the soil samples than the vegetable samples except Zn and Mn. Although
their proportions were higher than the permissible limits of WHO/FAO for soils and plants, their
bioaccumulation in the soil samples was Al > Fe > Ti > Mn > Sr > Cr > Zn and bioavailability in the vegetable
samples was Al > Fe > Ti > Mn > Sr > Zn > Cr. The peak concentrations (%) of Cr (0.015+0.001) and Mn
(0.39+0.03) were obtained in Talinum triangulare from Osuma Layout (TtOL), Zn (0.072+0.003) and Fe
(3.00+0.01) in Talinum triangulare from St. Louis (TtSL), Ti (1.31£0.01) and Sr (0.068+0.001) in Telfairia
occidentalis from Osuma Layout (ToOL) while Al (6.3340.03) in Amaranthum hybridus from St. Louis (AhSL).
Both negative and positive correlations existed between metal pairs (p < 0.05). Based on their bio-concentration
factor (BCF) values, TtOL was Cr hyperaccumulator and ToOL was both Mn and Ti hyperaccumulators. Zn
hyperaccumulation was competitive and was in the decreasing order of TtOL > TtSL > ToSL (Telfairia
occidentalis from St. Louis) > AhSL. Among all the vegetable samples, TtSL was the most significant
nonaccumulator for Cr. All the vegetable samples studied have potential for selective phytoextraction of heavy
metals from polluted soils.
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Alteration of ecosystem quality occurs when potentially toxic elements known as heavy metals find their way
into it through human and natural activities (Jaishankar et al., 2014). Soil is a long-term sink of heavy metals,
which may be transported from ground waters or taken up by plants, thereby posing risks to the plants, and
serving as a major route of heavy metals exposure to animals and humans that depend on them for sustainability
(Tsafe et al., 2012; Ashraf et al, 2014). Heavy metals include all toxic metallic chemical elements and
metalloids (Briffa, et al., 2020), which are either essential cofactors, such as cobalt (Co), copper (Cu), iron (Fe),
manganese (Mn), zinc (Zn) or non-essential, such as arsenic (As), cadmium (Cd), lead (Pb), mercury (Hg), etc
(Wang et al.. 2014; Theron et al., 2012).

The global health concerns, arising from environmental pollution of soil and water by heavy metals are due
to their toxicity and non-biodegradability over a period of time, even at low concentrations (Briffa, ef al., 2020).
In spite of prevalence in inadequate consumption of vegetable and fruits that resulted in about 3.9 million deaths
globally in 2017 and call for their inclusion in our diet to promote good health and lower risk of non-
communicable diseases (Ashton ef al., 2019; Mello-Rodrigues et al., 2019; WHO, 2018; Nour ef al., 2017), there
is need for safe consumption of these food items, ensuring that they meet international requirements (Sobukola et
al., 2010).

It is on this basis that this study was designed to investigate bioaccumulation of heavy metals in leafy
vegetables from selected locally grown vegetables in Nigeria in relation to the bioavailability of the same metals
in the soil on which they grow. Selected for this research work are fluted pumpkin (Telfairia occidentalis),
African spinach (Amaranthus hybridus) and water leaf (Talinum trianguilare).

Fluted Pumpkin (Telfairia occidentalis) is a species of cucurbitaceace family in the tropics, largely
consumed in West Africa (Uboh et al., 2011), grown as a leaf vegetable with medicinal and edible seeds (Ajayi
et al., 2006). Its native names are Ubong in Ibibio and Ugu in Igbo. It spreads by creeping across the ground with
lobed leaves and long slim twisting tendrils (Uboh et al., 2011). Telfairia occidentalis is rich in protein and iron,
hence extracts from the leaves can be used to boost blood for anaemia patients (Ajayi et al., 2004).

African spinach (Amaranthus hybridus) is a species of Amarantaceae, globally found in both tropical and
temperate regions (Ogwu, 2020). The leaves are alternate petioled, 3 — 6 inches long, dull green, and rough,
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hairy, ovate or rhombic with wavy margins (Mepha et al., 2007).

Waterleaf (Talinum triangulare), a portulacea family, originated from tropical Africa, especially West
Africa, and in Asia and South America, has high resistance to pests (Schippers, 2000) and extraordinary
tolerance for temperature, water and soil stresses (Oladoye and Liu 2022). Swarna et al. (2013) have reported its
use as a natural pigment for food colorants.

Gezahegn et al. (2017) have documented x-ray fluorescence (XRF) spectroscopy as a suitable technique for
detection of elements such as Na, Mg, P, S, Cl, K, Ca at higher concentrations or under highly specialized
conditions, and heavy metals at trace levels with the exception of lightest elements (e.g. H, B, C, N, O).

A previous work has investigated the potentials of these vegetable varieties, obtained from eastern Nigeria,
to uptake heavy metals from the soils on which they grow, revealing high potential of Talinum triangulare and
Amaranthus hybridus for heavy metals uptake (Oladebeye et al., 2020).

This present research focuses on estimating the heavy metals present in two designated soils obtained from
Owo Local Government Area, Ondo State, Nigeria, and their bioaccumulation in the tissues of fluted pumpkin
(Telfairia occidentalis), African spinach (Amaranthus hybridus) and water leaf (Talinum triangulare) that grow
on them. This will help harness the potentials of the selected vegetable samples as hyperaccumulators in
phytoextraction techniques. X-ray Fluorescence (XRF) technique was used for this investigation and the data
obtained were subjected to statistical analysis, using IBM SPSS 23.0 software (SPSS Inc., Chicago, IL) 2015.

2. Materials and Methods

2.1 Study Locations

Owo, situated halfway between the towns of Ile-Ife and Benin-City, is located on Latitude 7.1989° N and
Longitude 5.5932° E with a population of 222,262, based on 2006 population census (Figure 1). The study
locations in Owo Local Government Area were farmlands at St. Louis and Osuma Layout. The farmland at St.
Louis was behind St. Louis Grammar School (Latitude NS: 7°12'17.702”; Longitude EW: 5°34'31.3817;
Altitude: 318 meters). The farmland at Osuma Layout was located close to Adedewe Nursery School, along old
Owo-Akure Road (Latitude NS: 7°12°50.719"; Longitude EW: 5°33’6.394; Altitude: 324 meters).
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Figure 1. Map of Ondo State showing Owo Local Government Area

2.2 Sample Collection

Random sampling technique was employed to collect the vegetable samples of fluted pumpkin leaves (Telfairia
occidentalis), African spinach, "Green" (Amaranthus hybridus) and waterleaf (Talinum triangulare) from the
two study locations to obtain composite samples. The leaves of vegetable samples were separated from the
whole plants with the aid of hand gloves and a stainless steel knife and were carefully packaged in polythene
bags and labelled. Similarly, random samples of soils from the study locations were taken at uniform depth of 15
cm with the aid of a hand trowel that had been pre-cleaned with concentrated nitric acid in order to prevent
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heavy metal contamination prior to analysis (Oladebeye et al, 2020). The soil samples obtained from the
farmlands at St. Louis and Osuma Layout were designated SSL and SOL respectively. The vegetable samples
were labelled as ToSL (Telfairia occidentalis from St. Louis), AhSL (Amaranthum hybridus from St. Louis),
Talinum triangulare from St. Louis (TtSL), Telfairia occidentalis from Osuma Layout (ToOL), AhOL
(Amaranthum hybridus from Osuma Layout) and TtOL (Talinum triangulare from Osuma Layout).

2.3 Preparation of Vegetable Samples

The vegetable samples were first washed with tap water and subsequently, with de-ionized water to remove air
pollutants. Moisture was removed from the samples by oven-drying them at 105 °C for 48 h. The dried samples
were pulverized, using agate pestle and mortar, sieved (0.5 mm mesh size), labelled and stored in dry plastic
containers that had been pre-cleaned with concentrated nitric acid to check heavy metal contamination prior to
analysis (Oladebeye et al., 2020).

2.4 Preparation of Soil Samples

The soil samples were air dried for 48 h, ground and sieved using 0.5 mm mesh size sieve to have uniform
particle size. Each sample was labelled and stored in a dry plastic container that had been pre-cleaned with
concentrated nitric acid prior to analysis with X-ray fluorescence (XRF) spectrometer (Oladebeye ef al., 2020).

2.5 Determination of Elemental Compositions

The previous methods described by Guerra et al. (2014) and Oladebeye et al. (2020) were adopted with some
modifications. The sample was oven-dried at 80 °C for 20 h, ground after cooling, sieved with 50 pum sieve-size
and pellet with weight of 200 mg and diameter of 2.5 cm was made in a pellet-pressing machine under 15 ton of
pressure. The pellet was irradiated with a primary radiation from a Cd-109 radioactive source for a period of
2500 s. Two irradiations were done; pure sample and sample with a molybdenum target on top. These two
measurements were then used to calculate the absorption corrections. The characteristic x-rays emitted by the
elements in the sample were detected by a liquid nitrogen cooled Si (Li) detector. To obtain optimum detection
of elements, different filters of 0.05 mm Ti filter at applied voltage of 14-35 kV and 900 mA and 0.05 mm Fe
filter at 37 kV and 45 mA current were used.

2.6 Bio-Concentration Factor (BCF)
Here, we defined bio-concentration factor as the availability of metals in the tissues of plants in comparison with
their availability in the soil. This was different from the transfer (or uptake) factor that would involve fresh
cultivation of the plant sample on the soil sample (Kachenko and Singh, 2006; Tsafe et al., 2012; Rezapour et al.,
2019; Keeflee et al, 2020). Mathematically, BCF was deduced by dividing the concentration of metal in the
plant by the elemental concentration in soil without fresh cultivation.

Mathematically,

concentration of metal in plant

Bio — Concentration Factor = - - -
concentration of metal in soil

3. Statistical Analysis

The statistical analysis, which included descriptive analysis, ANOVA, Pearson’s Correlation of the data
generated in this study was carried out with IBM SPSS 23.0 software for both soil and vegetable samples from
the two study locations.

4. Results and Discussion

4.1 Heavy Metal Concentrations

The heavy metals detected in the soil and vegetable samples from two study locations in Owo Local Government
Area, Ondo State are chromium (Cr), zinc (Zn), manganese (Mn), iron (Fe), titanium (Ti), strontium (Sr) and
aluminium (Al) (Table 1). Generally, in terms of mean concentrations, Cr, Fe, Ti, Sr and Al are more available in
the soil than in the vegetables that grow on them whereas an opposite trend is obtained for Zn and Mn (Fig. 2).
The mean Al concentration in the soil samples is the highest, followed by the mean Fe concentration while the
mean Cr concentration is the lowest. This implies that soil is a major reservoir of metals that are being deposited
and transported in the universe.
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Table 1. Heavy metal concentrations of soil and vegetable samples

Sample Mineral (%)
Cr Zn Mn Fe Ti Sr Al
Soil SSL 0.019+0.001* 0.018+0.001* 0.16+0.02% 6.43+0.02* 1.67+0.01° 0.052+0.001° 7.51£0.02°
SOL 0.011£0.001° 0.008+0.000° 0.14+0.01* 3.57+0.01° 1.10+0.02° 0.073+0.001° 6.44+0.01°
Mean (Soil) 0.015+0.005 0.013+0.006 0.15+0.02 5.00£1.57 1.38+0.31 0.062+0.012 6.97+0.58

Vegetable  ToSL 0.009+0.000°  0.058+0.001° 0.08+0.01° 1.03£0.01°  0.31£0.00°  0.014+0.001" 5.4440.02°
AhSL  0.014+0.001* 0.039+0.001¢ 0.09+0.01¢ 2.74+0.01°  0.41£0.01¢  0.03240.001¢ 6.33+0.03°
TtSL BDL 0.072+0.003* 0.14+0.01° 3.00£0.01*  0.71£0.01°  0.049+0.001¢ 6.15+0.02°
ToOL  0.005+0.000° 0.004+0.000° 0.16+0.01° 2.58+0.01¢  1.31+0.01*°  0.068+0.001° 4.64+0.02°
AhOL  0.003+0.000¢ 0.007+0.000¢ 0.08+0.00° 2.18+0.02¢  0.90+0.01°>  0.052+0.001°¢ 5.05+0.01¢
TtOL 0.015+0.001° 0.038+0.001¢ 0.39+0.03" 0.84+0.01°  0.27+0.00°  0.060+£0.001" 3.83+0.02°

Mean (Vegetable) 0.008+0.006 0.036+0.025 0.16+0.11 2.06+0.86 0.65+0.38 0.046+0.018 5.24+0.89

SSL = soil sample from St. Louis; ToSL = Telfairia occidentalis from St. Louis; AhSL = Amaranthum hybridus
from St. Louis; TtSL = Talinum triangulare from St. Louis; SOL = soil sample from Osuma Layout; ToOL =
Telfairia occidentalis from Osuma Layout; AhOL = Amaranthum hybridus from Osuma Layout; TtOL =
Talinum triangulare from Osuma Layout. Mean +SD along the column with different superscript are
significantly different at 5% level with a >b > c > d > e > f. Mean separation done by Duncan Multiple Range
Test. BDL = Below Detection Limit

Amaranthum hybridus from St. Louis (AhSL) and Talinum triangulare from Osuma Layout (TtOL) exhibit
the same peak concentration of Cr (p < 0.05). The least concentration of Cr (0.003+0.000%) is obtained in
Amaranthum hybridus from Osuma Layout (AhOL) while it is below detection limit in Talinum triangulare
from St. Louis (TtSL). Chromium persists in the environment as either Cr (III) or Cr (VI). Cr (VI), being a
strong oxidizing agent, corrosive, is soluble in alkaline and mildly acidic water, toxic and potential carcinogen to
plants and animals as a result of its tendency to diffuse through cell membranes and oxidize biological molecules
(Jaishankar et al., 2014). However, the Cr concentrations in both vegetable and soil samples are higher than the
recommended limits of 1.3 mg/kg for vegetables and 0.10 mg/kg for soil by WHO (Chiroma et al., 2014; WHO,
2011).
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Figure 2. Comparative mean concentrations of heavy metals in soil and vegetable samples

The relative abundance of Zn in the vegetable samples is between 0.004+0.000% in Telfairia occidentalis
from Osuma Layout (ToOL) and 0.072+0.003% in Talinum triangulare from St. Louis (TtSL). At the two study
locations, the concentration of Zn in Talinum triangulare appears the highest, when compared to other vegetable
samples. Mean zinc concentrations of 0.100+0.000 mg/kg and 0.070+£0.0010 mg/kg have been reported for fluted
pumpkin plants and water leaves respectively (Sobukola ef al., 2010). Prolonged bioaccumulation of Zn, via a
common zinc-calcium transport carrier, is liable for damage of reactive oxygen species in plant, animal and
human tissues (De Schamphelaere et al., 2004; Loro et al., 2012; Delahaut et al, 2020). However, zinc
deficiency has been designated by the World Health Organization as a major disease contributing factor for
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growth impairment, sexual dysfunction, inflammation, gastrointestinal symptoms, or cutaneous involvement
(Narvaez-Caicedo et al., 2018). The concentrations of zinc in both the soil and vegetable samples are quite above
the recommended limits of 0.033 mg/kg for soil and 50 mg/kg for plants by WHO (Shah ez a/ 2011; Nazir et al.,
2015).

Talinum triangulare obtained from the two study locations is the richest in Mn concentration among all the
vegetable samples studied with TtOL higher in Mn concentration than TtSL. This variation as a result of
difference in bioavailability of Mn in the soil samples. Amaranthum hybridus appears as the poorest in Mn
concentration, which is less a quarter of the same heavy metal found in Talinum triangulare. The exceptional
higher concentration of Mn in Talinum triangulare species than the soils on which they grow may be due to high
adsorption capacity of their tissues, which then account for the low concentrations available for other vegetable
studied with low adsorption capacities. Manganese (Mn) exists in soil in three oxidation states as Mn2"
(phytoavailable form), Mn** and Mn*" (insoluble, yet reducible forms), and their bioavailability is largely
influence by the soil Mn concentration, pH and electron activities (Fernando and Lynch, 2015). Both lack and
excess manganese have negative impacts on human health with the brain being the main target organ for its
accumulation and toxicity such as manganese poisoning (manganism) and Parkinson's disease (Aschner and
Aschner, 2005; Zaitsev et al., 2020).

Iron (Fe) concentration ranges from 3.57+0.01 to 6.43+£0.02% in the soil samples and 0.84+0.01 to
3.00+0.01% in the vegetable samples. Among the vegetable samples studied, Talinum triangulare species at St.
Louis is the richest in Fe concentration while the poorest is the Talinum triangulare species obtained from
Osuma Layout. However, the data obtained are higher than the recommended limit of WHO of 20 mg/kg in
plants (Shah ef al., 2011) and 300 mg/kg in soils (Chiroma et al, 2014; Iyama et al, 2022). However, Fe
concentration of more than 10 mg/kg can cause rapid increase in pulse rate and coagulation of blood in blood
vessels, hypertension and drowsiness (Shah et al., 2011).

Titanium (Ti) concentration ranges from 0.27+0.00 to 1.31+0.01% in the vegetable samples. Among the
vegetable samples studied, Telfairia occidentalis species at Osuma Layout (ToOL) is the richest in Ti
concentration while the poorest is the Talinum triangulare species obtained from Osuma Layout. Talinum
triangulare species studied, thus, behave differently in different soils and locations. Increase in crop yield, in
terms of crop quality and quantity, has been attributed to Ti-enhanced chlorophyll biosynthesis and enzymatic
activities, increased photosynthesis and nutrient uptake, such as increased concentrations of chlorophyll a and b,
and total chlorophyll (Cigler et al., 2010; Kovacik et al., 2014; Lyn et al., 2017). As a beneficial element to
plants, Ti plays synergetic role, at low concentration, and antagonistic role, at a very high concentration, with Fe.
While Fe is considered an essential elements to plants, Ti is considered as a complementary element (Lyn et al.,
2017). This study shows lower concentrations of Ti in both soils and vegetable samples than the concentrations
of Fe. This implies that Ti is expected to play synergetic role with Fe in all the vegetable samples. The
concentrations of Ti obtained in this study has no guideline for comparison in WHO permissible limit (Chiroma
et al., 2014; WHO, 2011). However, Ti concentrations of 0.15 mg/kg and 0.065 mg/kg have been reported for
Solanum sp. and Aramanthus sp. respectively (Rono and Wakhungu, 2021). The major sources of high Ti
contamination are soils around the industrial area of the steel-making plants (Wang et al., 2021).

The range of Sr in the vegetable samples is from 0.014+0.001% in Telfairia occidentalis from St. Louis
(ToSL) to 0.068+0.001% in Telfairia occidentalis from Osuma Layout (ToOL). The uptake and distribution of
Sr in plants have been likened to those of calcium (Kabata-Pendias and Mukherjee 2007; Dresler ez al., 2018).
Although the physiological role of strontium in plants has remained unidentified, its physical and chemical
similarities with calcium can make it interfere with calcium being taken up (Kabata-Pendias and Mukherjee 2007,
Gupta et al., 2018). The concentrations of Sr obtained in this study has no guideline for comparison in WHO
permissible limit (Chiroma et al., 2014; WHO, 2011),

Al mean concentrations in both soil and vegetable samples in this study are the highest among all the heavy
metals detected. The least concentration of Al among the vegetable samples is 3.83+0.02% in Talinum
triangulare from Osuma Layout (TtOL) while the highest concentration is 6.33+0.03 mg/kg in Amaranthum
hybridus from St. Louis (AhSL). The least concentration of Al (3.83£0.02%) is higher than the peak
concentration of Fe (3.00+0.01%) obtained in the vegetable samples studied. The soil pH and the chemical
environment of the soil solution determine the total Al concentration in the soil and the forms of Al species
(Kisnieriene and Lepeikaite, 2015). The toxic effect of different Al species on plant growth is in the order 13Al>
A" > Al(OH)," > AI(OH); > Al(OH)s (Neenu and Karthika, 2019). Aluminium has no biological role and is a
toxic non-essential metal to microorganisms, enzymes, nervous, osseous and hemopoietic cells (Olaniran ef al.,
2013; Barabasz et al., 2002). In humans and animals, the lungs, central nervous system and bone are the target of
aluminium poisoning (Jessica et al., 2020). Specifically, in humans, the cause of many disorders associated with
intercellular communication, cellular growth and secretory functions are as a result of ability of AI** replacing
Mg?" and Fe*" (Jaishankar ef al., 2014). The concentrations of Al obtained in this study has no guideline for
comparison in WHO permissible limit (Chiroma et al, 2014; Kinuthia et al., 2020). However, range of Al
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concentration of 11.00 — 27.00 mg/kg has been reported for soils obtained around transformer in Akoko-Edo
community (Ogunlana et al., 2020).

4.2 Inter-Elements Correlation
Inter-elements correlation of the heavy metals detected in the soil and vegetable samples studied is depicted in
Table 2.

Table 2. Pearson correlation of heavy metals bioaccumulation in vegetable samples

Mineral Mineral
Cr 7n Mn Fe Ti Sr Al
Cr 1.000 0.013 0.478 -0.558 -0.672 -0.202 -0.273
Zn 1.000 0.100 -0.074 -0.635 -0.557 0.490
Mn 1.000 -0.507 -0.271 0.548 -0.743
Fe 1.000 0.586 0.207 0.645
Ti 1.000 0.613 -0.096
Sr 1.000 -0.594
Al 1.000

Correlation is significant at the 0.05 level (2-tailed); N = 6

The negative r values imply no correlation while the positive values imply correlation between the elements
(p<0.05). Positive correlation implies that an increase in one metal corresponds to the increase in the other metal
found in the same soil and vegetable samples. From Table 2, positive correlations of Cr-Zn (r = 0.013), Cr-Mn
(r=0.478), Zn-Mn (r= 0.100), Zn-Al (r = 0.490), Mn-Sr (r = 0.548), Fe-Ti (r = 0.586), Fe-Sr (r = 0.507), Fe-Al (r
= 0.645), and Ti-Sr (r = 0.613) are obtained. Similarly, negative correlations of Cr-Fe (r = -0.558), Cr-Ti (r = -
0.672), Cr-Sr (r = -0.202), Cr-Al (r = -0.273), Zn-Fe (-0.074), Zn-Ti (r = -0.557), Mn-Fe (r = -0.507), Mn-Ti (r =
-0.271), Mn-Al (r = -0.743), Ti-Al (r = -0.096) and Sr-Al (r = -0.594) are obtained.

4.3 Bio-Concentration Factor (BCF)

The uptake, accumulation and distribution of metals in plants depend, among other things, on the nutrient source.
Soil is the major source of metals that are bioaccumulated in plants due to its deposition on the earth surface,
mechanism of transfer of metals and ability to retain metals for a long period of time. Hyperaccumulator plants,
that is, plants that grow in serpentine soils with high concentrations of metals, having potential in the
management of polluted soils through the mechanism called phytoextraction have been reported (Shallari ef al.,
1998; Brady et al., 2005; Osmani et al., 2015). A vegetable plant with BCF > 1 has the tendency of being a
hyperaccumulator plant. Table 3 depicts the BCF values of the vegetable samples studied. With BCF value of
1.36, TtOL is Cr hyperaccumulator. There is competition among the ToSL, AhSI, TtSL and TtOL as Zn
hyperaccumulator, possessing BCF values of 3.22, 2.17, 4.00 and 4.75 respectively. In other words, their
decreasing order of hyperaccumulation ability TtOL > TtSL > ToSL > AhSL.

Table 3. Bio-Concentration factor of heavy metals in the vegetable samples relative to their soil sources

Heavy Bio-Concentration Factor

Metal ToSL AhSL TtSL ToOL AhOL TtOL
Cr 0.47 0.74 0.00 0.45 0.27 1.36
Zn 3.22 2.17 4.00 0.50 0.88 4.75
Mn 0.50 0.56 0.88 1.14 0.57 2.79
Fe 0.16 0.43 0.47 0.72 0.61 0.24
Ti 0.19 0.25 0.43 1.20 0.83 0.25
Sr 0.29 0.62 0.92 0.93 0.71 0.84
Al 0.72 0.84 0.82 0.72 0.78 0.59

concentration of metal in plant

*Bio — Concentration Factor = , —
concentration of metal in soil

This difference implies that the mechanism of phytoextraction is not the same for different plants that grow

on the same soil and under identical environmental conditions. ToOL is both Mn hyperaccumulator and Ti
hyperaccumulator with BCF values of 1.14 and 1.20 respectively. However, TtOL exhibits higher potential as
Mn hyperaccumulator than ToOL due to higher BCF value of 2.79. It is worthy of note that TtSL is the most
significant nonaccumulator for Cr. Brassicaceae, Fabaceae, Euphorbiaceae, Asterraceae, Lamiaceae, and
Scrophulariaceae are parts of the approximately 400 hyperaccumulators that have been reported (Lasat, 2000;
Ghosh and Singh, 2005; Salt et al., 1998; Dushenkov, 2003). Insoluble metals are capable of forming oxides of
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carbon, sulphur and phosphorus in the vascular system of plants (Raskin and Ensley, 2000; Wuana and
Okieimen, 2011).

5. Conclusion

Fluted pumpkin (Telfairia occidentalis), African spinach (Amaranthus hybridus) and water leaf (Talinum
triangulare) randomly selected from designated farms in Owo Local Government Area, Ondo State, Nigeria are
found to contain Cr, Zn, Mn, Fe, Ti, Sr and Al at concentrations higher than the permissible limits of WHO/FAO
for soils and plants. The soil samples are richer in these heavy metals more than the vegetable samples. In the
vegetable samples, the most available heavy metal detected is Al, followed by Fe while the least is Cr.
Hyperaccumulators, among the vegetable samples, exhibit BCF values greater than 1. This study reveals that
there is no suitable hyperaccumulator for Al, Sr and Fe among all the vegetable samples. However, AhSL,
ToSL,TtSL and TtOL are competitive Zn hyperaccumulators. It is worthy of note that the most efficient
hyperaccumulators are Talinum triangulare species from the two study location. For phytoextraction
technologies, the vegetable samples studied have potentials that can be harnessed.
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