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ABSTRACT 

Five common and widely consumed Nigerian leafy vegetables Talinumtriangulare (waterleaf), 

Amaranthusviridis(African spinach), Ocimumgratissimum(scent leaf), Vernoniaamygdalina (bitterleaf) and 

Telferiaoccidentalis(pumpkin leaf) collected from Ekpan around the Nigerian National Petroleum Corporation 

(NNPC) refinery were digested and analyzed for trace metal distribution in the leaves and roots using the atomic 

absorption spectrophotometer. Most of the trace metals analysed (zinc, cadmium, arsenic, iron and lead) were found 

present in the analyzed sample.  The result showed that the levels of iron, lead and zinc ranged from 2.110 to 5.230; 

2.890 to 9.999 and 2.801 to 5.821 mg/kg respectively for the roots. The levels of iron, lead and zinc for the leaves 

respectively ranged from 1.340 to 4.320; 1.321 to 6.871 and 1.340 to 3.014 mg/kg.Values obtained were compared 

with those available in the literature and within tolerable limits of some regulatory authorities. The bioconcentration 

factor indicates that the roots of the vegetables concentrate most of the metals than the leaves. The high level of lead 

in these samples could be attributed to the sampling point which is close to an oil refinery. It is therefore imperative 

that the operations of oil industry in the study area be sufficiently accompanied by an adequate environmental 

protection measures. 
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1. INTRODUCTION 
Trace metal pollution and the resulting health effects present some of the biggest challenges currently affecting the 

world.Activities of oil exploration and other industriesresult in pollutionthrough gas flares, constant oil spills, and 

industrial effluence which affect both the aquatic and terrestrial ecosystem (18, 19). 

The major pollutants from industrial discharge have been shown to be trace metals and organic substances. Trace 

metal analysis is therefore an important part of environmental pollution studies. Low concentration of some heavy 

metals such as copper and zinc are necessary for the proper functioning of most plant system however, detrimental 

effects of high concentrations of most heavy metals on plants have been found to prevent the uptake of valuable 

nutrients such as potassium, phosphorus andzinc (10, 14, 15).Several authors who have conducted research on heavy 

metal contamination in plants(3,11, 12, 16 ) have also made similar observations. 

Plant uptake is one of the major pathways by which metal in the soil enter the food chain. The food-chain plants 

might absorb large quantities of heavy metal to become a potential health hazard to consumers.The uptake of metal 

concentration by roots depends on the nature of metal, soil physicochemical properties and plant species (11, 

12,16).Consequently, metal mobility and plant availability are very important when assessing the effect of soil 

contamination on plant metal uptake, as well as translocation and toxicity or ultra structural alterations (6,14). 

Soil pollution due to oil explorationin Niger Delta, Nigeria has created consciousness of the pollution of the 

environment.Soil whether in urban or agricultural areas represents a major sink for metals released into the 

environment from a variety of anthropogenic sources. Once in soil some of these metals will be persistent because of 

their fairly immobile nature.Whilst literature is replete with data on heavy metal concentration in water and soil, few 

data exist in the Niger Delta region on heavy metal concentration in food crops especially on leafy vegetables. 

This study was therefore designed to investigate the concentration of the trace metal in selected vegetables harvested 

around an oil explorating area in Delta state, Nigeria. The study was also aimed to assess the pollution tolerance 

indices of these vegetables. 

 

2. MATERIALS AND METHODS 

Study Area 

Ekpan a town in Warri-South Local Government Area of Delta State and the host community of NNPC  refinery 

were oil pollution was reported in 2006  was selected as the study area. Warri is geographically located on the 

longitude 5
0
31’N and latitude 5

0
45’E. The area is characterized by tropical equatorial climate with mean annual 

temperature of 32.8
C
 and annual rainfall of amount of 2673.8mm. The natural vegetation is of rainforest with swamp 

forest in some areas. 
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Sample collection: Five common and widely consumed Nigerian leafy vegetables were selected for analysis. Five 

sample locations (approximately 30meters from each sampling point) were chosen in different locations within an 

area of 4m2 in the vicinity of NNPC refinery in Ekpan, Warri-South Local Government Area of Delta State. This is 

designated as experimental site while a site (about 70km) with similar ecological condition served as the control site. 

The leafy vegetables are; Telferiaoccidentalis, Vernoniaamygdalina, Ocimumgratissum, Amaranthusviridis and 

Talinumtriangulare.  The choice of plants was based on their growth pattern (luxuriant and uniform growth of plants 

in control site while  same plants in  the contaminated soil shows stunted growth, chlorosis, mottling and collapsing 

of leaves) in the study area.  Soil samples were also collected from the sampling points. 

 

Sample preparation: The roots and leaves of the plants were separated in each case, cut into pieces, washed, air 

dried for 3 days and then oven dried (Gallen Kamp, England) at 80
o
c for 6 hours. The powdered sample from each 

component was packed in glass bottles and stored in a refrigerator at 4
o
c. About 1.0g of dried and ground soil 

samples were placed inside a crucible, ignited in a muffle furnace at 500
o
c for 3 hours. The ignited mass was cooled 

inside desiccators, transferred into a 100ml Borosil beaker and kept in desiccators until analysis. 

 

Analytical procedure: 

1.0g of each sample (root, leaf and soil) already weighed was put into acid washed platinum crucible. 20ml of 

concentrated HNO3 was added   and left for 20 minutes. Thereafter, 2ml each ofHClO4and  Hcl  was added and left 

for 10 minutes. The solution was placed on a hot plate for the temperature range 150-18
0
Cand evaporated almost to 

dryness. 10ml of deionised   water   was added and boiled gently to dissolve the residue (16). The solution   was 

cooled   and filtered through No. 42  whatman filter paper. The solution  was made up to 100ml in a volumetric flask 

with deionised water.  A blank was also prepared to be analysed along with the samples. Quality control was assured 

by the use of blanks and spikes. The spike recovery method  was  carried out by spiking some already analysed 

samples with a known standard of the metals. The recovery for all metals was within 90±10%. All reagents were of 

analytical grades  and  all glassware was acid-washed using 10% nitric acid before use.Accuracy were assessed by 

analyzing the samples in triplicate using atomic absorption spectrophotometry model PYE Unicam SP1900. 

The bioconcentration factor of these trace elements in plant tissues were also calculated using this formula according 

to Asaolu (2010). 

 i c ncentrati n fact r  
  ncentrati n in  lant ti  ue

c ncentrati n in   il  a  le
 

 
3. THE POLLUTION TOLERANCE INDICES (PTI) OF THE SELECTED VEGETABLES 

In order to evaluate the susceptibility of these vegetables to oil pollution, four parameters namely: Ascorbic acid, 

chlorophyll, relative water content and leaf extract pH were determined and computed together in a formula  

according to Singh and Rao 1983. 

Pollution tolerance index PTI =
  ( ch   )  c

10e
 

Where AA = Ascorbic acid (mg/g)
 

Tch= Total chlorophyll (mg/g) 

Rwc = Relative water content of leaf (%) 

pH= pH of leaf extract 

 

4. STATISTICAL ANALYSIS 

Data were presented as mean of triplicate determinations. The least significant differences (LSD) was applied to 

show the mean differences at 5% level of significance. 

 

5. RESULT AND DISCUSSION 

The results of the trace metal concentrations determined in plant tissue are presented in Table1. The concentration of 

metals varied widely in different vegetable and soil sample studied. Metal concentration in soil exceeded those of 

the vegetations significantly (P<0.05) indicating that the soils are the receiving ends of the pollution loads arising 

from the NNPC refinery and other industrial activities in Ekpanandits environ. Multiple comparison show 

significant differences in lead, iron and zinc levels between the root, leaf and soil. 

In this study, zinc and arsenic, concentration reported for all the plant components were within the WHO 

permissible limits for human consumption. The toxic doses of some selected trace metals in vegetables are in the 

following range; 10-200mg/kg dry for iron; 0.5-10mg/kg dry for chromium; 3-20mg/kg for lead and 60-400mg/kg 

for zinc respectively (23). The toxic levels for man are: 200mg/day for chromium, 200mg/day for iron; 1.00mg/day 

for  lead and 150-600 mg/day for zinc (23).Thelevels of lead in Vernoniaamygdalina and Ocimumgrattisimum were 
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beyond the permissible limits for humanconsumptionthereforeposing a serious health risk for both human and 

livestock consumption. Lead poisoning symptoms like headache, abdominal pain and irritability has been reported 

in some oil polluted areas in Niger Delta (10,18 ).Omofonmwan and Odia (2009) in a similar work reported 

respiratory problems, coughing up blood, skin rashes, gastrointestinal problems and malnourishment  in oil 

producing communities of AkwaIbom State. Theconcentrationsof iron and lead in this study exceeded those levels 

(0.08 mg/kg for Pb and 1.94mg/kg for Fe) reported by Nwajei (15) in vegetation (Calthapalustrivs) around the River 

Ramos in Bayelsa and Delta States of Nigeria. The concentrations of zinc, lead and iron in vegetations in this study 

were also higher than those values reported byObasietal (17) in fluted pumpkin leaves from treated and untreated 

soils with sewage sludge and effluents(treated soil:1.67 and untreated soil:0.33 for Pb).Heavy metal absorption is 

governed by soil characteristics   such as pH and organic matter content. Thus, high levels of heavy metals in the 

soil do not always indicate similar high concentrations in plants. The extent of accumulation will depend on the 

plantand heavy metal species underconsideration(11, 22). In an investigation of the uptake of Cd,Cu,Ni and Pb from 

air and soil by Achilleamillefolium and Hordeumvulgare in Denmark by Pilegaard and Johnson (20) it was 

concluded that Cu and Pb concentration in the plant correlated with aerial deposition but not with soil 

concentration.In this study, it was found that the uptake varied widely depending on the plant species.This finding 

calls for further studies in the Niger Delta region to determine the trace metal uptake mechanism and utilization in 

plants in other to reduce the risks of contamination. The mean concentrations of trace elements such as lead, zinc 

and iron in the soil were also  higher than those in the plant tissues. This is due to the fact that soils are the reservoir 

for all the pollution loads. Hence the plants could absorb these metalsthrough their hair roots. The high 

concentration of lead and iron could also be traced to oil exploration activities and soil nature in the Niger Delta 

region of Nigeria.Thesoil nature in the Niger Delta area contains high pyrite hence most soil analysed in the Niger 

Delta is prone to have high level of iron (16, 17). 

With regards to the levels of iron in the various crops, the highest concentration was found in Telferiaoccidentalis 

leaves( polluted:4.32 and unpolluted:1.67) followed by Talinumtriagulare(polluted:2.631 

andunpolluted:0.367)while no significant difference (P<0.05) occurred between Ocimumgratissimum and 

vernoniaamygdalina. These discrepancies could be attributed to the participation of the green vegetables in the 

synthesis of ferrodoxin which makes them useful sources of iron.Telferiaoccidentalis, being of a daker green colour 

was significantly higher in iron content as noted by Davidson (1979). 

 However, the result of this study is not totally consistent with literature (22) that indicates thatmembers of the 

species Brassicaoleracea did not accumulate lead in leaves even when grown on highly contaminated soils but 

accumulated cadmium and zinc showing exception to the high lead concentration in the leafy portion of the plant. 

 

Table2 presents the bioconcentration factor of these elements in plant tissuesindicating that the roots of the 

vegetables concentrate most of the metals than the leaves.This suggests that root might be acting as storage of these 

elements after uptake from the surrounding soil before translocation takes place as repoted by Kabata-Pendias and 

Pendias (12). This situation of high concentration of these metals in the root may be an advantage for the consumer 

since the roots are always discarded during processing of vegetables for human consumption. 

 

Table3 presents the pollution tolerance indices of plant samples showing that Vernoniaamagdylina has the highest  

pollution tolerance indexwhich suggests that this plant can serve as bioindicatorof pollution in oil producing area. 

 

6. CONCLUSION 
This study has revealed high concentrations of the heavy metal in some leafy vegetables harvested around NNPC 

refinery in Ekpan Delta State, compared to the control site. This indicate that the containment measures carried out 

by the oil producing company at the time of the spill was ineffective, hence the urgent need for more effective 

mitigating  measures in this area.  
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Table 1: Trace metal concentrations in root and leaf of selected vegetables in mg/kg dry weight 

Samples                                                                       Elements 

Common 

name 

Botanical name Plant 

tissue 

Fe 

(mg/kg) 

As 

(mg/kg) 

Cr 

(mg/kg) 

Cd 

(mg/kg) 

Pb  

(mg/kg) 

Li 

(mg/kg) 

Zn 

(mg/kg) 

Water 

leaf 

Talinumtriangulare Root 

control 

4.810 

1.086 

<0.001 ND <0.001 2.890 

0.443 

ND 3.10 

1.13 

Leaf 

Control 

2.631 

0.367 

<0.001 ND ND 1.321 

0.034 

ND 2.31 

0.492 

Scent 

leaf 

Ocimumgratissimum Root 

Control 

3.230 

0.112 

<0.001 ND <0.001 8.790 ND 5.8 

Leaf 

Control 

1.321 

0.43 

<0.001 ND <0.001 4.893 

1.320 

ND 3.010 

1.231 

African 

spinach 

Amaranthusviridis Root 

Control 

3.110 

0.942 

<0.001 ND <0.001 3.690 

1.310 

ND 2.18 

Leaf 

Control 

2.101 

0.743 

<0.001 ND ND 1.982 

0.563 

ND 1.34 

0.52 

Bitter 

leaf 

Vernoniaamygdalina Root 

Control 

2.110 

0.672 

<0.001 <0.001 <0.001 9.994 

2.342 

<0.001 4.32 

1.230 

Leaf 

Control 

1.813 

0.432 

<0.001 ND <0.001 6.871 

1.532 

ND 2.813 

0.430 

Pumpkin 

leaf 

Telferiaoccidentalis Root 

Control 

5.230 

1.543 

<0.001 ND 0.022 6.790 

0.754 

ND 3.100 

0.832 

Leaf 

Control 

4.32 

1.67 

<0.001 

ND 

ND 

0.0001 

0.014 3.940 

0.832 

ND 1.764 

Soil Polluted  unpolluted  36.71 

28.63 

2.861 

0.917 

10.314 

7.894 

2.014 

0.87 

32.71 

19.94 

1.978 

0.410 

30.11 

24.61 
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Table 2: Bioconcentration factor of trace elements in plant tissues 

 Plant Samples Plant tissue Elements 

S/N Plant Samples  Fe As Cr Cd Pb Li Zn 

1. Talinumtriangula

re 

Root 0.0765    0.088  0.103 

Leaf 0.0444 0.0000   0.040  0.076 

2. Ocimumgratissim

um 

Root 0.1111    0.213  0.190 

Leaf 0.1170    0.150  0.098 

3. AmaranthusVirid

is 

Root 0.1111 0.0000   0.113  0.0723 

Leaf 0.054 0.0000   0.100  0.0444 

4. Vernoniaamygdal

ina 

Root 0.221   0.00695 0.301  0.1432 

Leaf 0.212   0.011   0.0932 

5 Telferiaoccidenta

lis 

Root 0.1697    0.210  0.1014 

Leaf 0.120    0.007  0.058 

 

Table 3: Pollution tolerance index (PTI) of selected vegetables 

S/N PLANT SAMPLES SITE RWC AA PH TCH PTI 

1 Talinumtriangulare Control Experimental 

site 

53.6 

49.3 

1.20 

1.01 

6.81 

5.90 

43.60 

39.98 

11.41 

9.60 

2 Ocimumgratissimum Control Experimental 

site 

43.73 

41.89 

0.981 

0.963 

6.27 

6.03 

38.16 

37.54 

7.84 

7.02 

3 AmaranthusViridis Control Experimental 

site 

47.86 

44.36 

1.44 

1.10 

6.24 

7.13 

42.83 

38.71 

11.34 

9.50 

4 Vernoniaamygdalina Control Experimental 

site 

39.96 

39.51 

1.36 

1.25 

6.34 

6.58 

43.46 

42.87 

9.14 

9.30 

5 Telferiaoccidentalis Control Experimental 

site 

50.71 

47.61 

1.10 

0.95 

5.81 

7.30 

45.74 

40.32 

10.14 

8.80 
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