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he phytoremediating capacities of Telfaira occidentalis, Bryophyllum pinnatum, Talinum triiangulare, Vigna unguiculata, 

for metal ions, were studied. Soil samples, tested for Cobalt, lead and Zinc ions concentration levels were inoculatedwith 

0.1M solution of Co(NO3)2, Pb(NO3)2 and Zn(NO3)2 before planting the above species. The roots, stems and leaves of the 

plants were harvested at two weeks interval, dried, ashed and digested with concentrated HNO3. The metal ions absorbed by 

the various plant parts were analysed using Atomic Absorption Spectrophotometer Buck 200A. The results indicated that Vigna 

unguiculataabsorbed Pb
2+

 and Zn
2+

 most. Talinum triangulareshowed greater absorbance for Co
2+

, Bryophyllum 

pinnatumabsorbed Pb
2+

 better than others except vignaunguiculata. Further, Telfairia occidentalisabsorbed Zn
2+

 and Co
2+

 

better than Bryophyllum pinnatum and Albelmoschus esculentus. Co
2+

 was toxic to Vigna unguiculata and Albelmoschus 

esculentus. In general, the African plants could be used to sequestrate metals from polluted soils. 

 

Introduction 
 

The decontamination of soils and water contaminated with various anthropogenic chemicals is a global problem that has 

consumed considerable economic resources [1]. Over the past two decades, pollution prevention and the clean-up of 

contaminated soils and water have become a world wide environmental priority [1, 2]. The discovery of metal hyper 

accumulating properties in certain plants has suggested that it may be feasible to use plants for clean-up of heavy metal 

contaminants in soil and water [2]. The use of green plants or vegetation, to sequester, degrade, contain and remove inorganic 

and organic contaminants in soils, sediments, surface waters and ground waters is known as phytoremediation[1-10]. 

Phytoremediation and bioremediation are often used interchangeably. Bioremediation employs microbe-based technology 

for degradation of organic compounds such as polycyclic aromatic hydrocarbons (PAHs). Such approaches have no effect on 

most of heavy metals. Phytoremediation involves the planting of trees, or grasses which can be grown and harvested 

economically leaving only residual levels of pollutants. By nature, it is a relatively inexpensive technology when compared 

with technologies that involve the use of large scale energy consuming equipment [11]. 

T 
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It has been found that soils with pH of 5-6 contain relatively more of the metal ions [12]. Further, the limitation for a 

successful phytoremediation lies in the availability of the metals in the soils. For example, lead ions an important 

environmental pollutant is highly immobile in soils [12]. These situations notwithstanding, phytoremediation has been found to 

be relatively cheap and effective in removal of metal contaminants from the environment. 

The remediating capacities of some plants have been reported [13, 14]. Soils contaminated with zinc and copper have been 

successfully phytoremediated using three species of brassica plant. However, the study showed that the presence of 6.5mgL
-1

 

zinc and 0.32mgL
-1

 copper inhibited growth of the various species. The uptake of Fe and Mn by these species of plants were 

equally reduced at the same concentration levels. That rag weed and thlaspi rotundifoluimare better lead removers from 

polluted environments than alpinc pennycress of the species of plants tested in St Paul Minnesota [2, 15]. Pennycress was 

found to be the best in removal of cadmium, zinc and lead [15]. Zinc toxicity was however experienced at 500ppm. Cobalt is 

not often freely available in the environment but when not bound to soil or sediment, its uptake by plants or animals is 

relatively high [16]. When plants grow on contaminated soils, they will accumulate very small particles of cobalt, especially in 

the parts of the plants we eat such as fruits and seeds [14]. 

Little or nothing is known about the use of some African plants for phytoremediation. This study therefore introduces five 

plants popularly known in Nigeria and Africa in general for remediation of soils contaminated with cobalt, lead and zinc. 

 

Experimental 
 

Materials and Methods: 

The seeds of vigna unguiculata, abelmoschus esculentus, telfairia occidentalisand talinum triangulare were bought from 

Awka market in Anambra State, Nigeria. Also the seedlings of bryophyllum pinnatum were uprooted from a nearby bush in the 

same city, and the roots washed free of soil on which they originally grew. The soil samples collected from a nearby farm were 

placed in plastic containers and inoculated with 20cm
3
 of0.1M each of Co(NO3)2, Pb(NO3)2, Zn(NO3)2. The seeds and 

seedlings were planted in the inoculated soils. They were also planted in the uninoculated soil samples as controls. The 

containers were watered daily. The plants were left to grow until after 4 weeks. Harvesting was done every fortnight during 

which the leaves, stems and roots were separated and air dried. 

Finally the dried plant parts after ashing at 300°C were digested separately for 2½ hours using HNO3. Both digested plants, 

inoculated soil after harvest and uninoculated parent soil were assayed for cobalt, lead and zinc concentrations using Atomic 

Absorption Spectrophotometer Buck 200A. 

 

Results and Discussion 
 

Observation showed that the seeds germinated between 10-14 days. The results of the investigation into the 

phytoremediation capabilities of Telfairiaoccidentalis, Abelmoschusesculentus, Vignaunguiculata, and Talinumtriangularaand 

bryophyllumpinnatumare shown in Table 1. 

Table 1. Result of the phytoremediation process. 

Plant Time 
ROOT LEAVES STEM 

Pb Zn Co Pb Zn Co Pb Zn Co 

Telfairiaoccidentalis 

4 wks 0.0464 0.2362 0.0436 0.025 0.2037 0.014 0.0275 0.0229 0.0222 

6 wks 0.1806 0.3226 0.1291 0.0143 0.1399 0.0077 0.0277 0.1087 0.0698 

8 wks 0.594 0.3973 0.3097 0.1193 0.063 0.0035 0.029 0.3973 0.0797 

10 wks 0.27 0.5266 0.6433 ND 0.063 ND 0.051 0.2398 0.2574 

Bryophyllumpinnatum 

4 wks 0.0088 0.041 0.001 0.1184 0.0337 0.0092 0.0061 0.041 0.0489 

6 wks 0.0091 0.0672 0.0647 0.0967 0.209 0.4714 0.0091 0.212 0.055 

8 wks 1.825 0.0902 0.0825 0.4083 ND ND 0.0293 0.2418 0.002 

10 wks D D D D D D 0.136 D D 

Talinumtriangulare 

4 wks 0.1463 ND 0.02 0.0091 0.26 ND 0.008 0.0176 0.128 

6 wks 0.02 ND 1.9 0.0052 0.2742 ND 0.3675 0.101 0.0961 

8 wks ND ND ND 0.2042 0.4467 ND 0.6231 0.1904 0.1345 

10 wks ND ND ND ND ND ND 0.18 0.3547 ND 

Abelmoschusesculentus 

4 wks 0.0093 ND NG 0.0109 0.26 NG 0.1709 0.339 NG 

6 wks 0.0737 ND NG 0.1885 1 NG 0.2704 0.35 NG 

8 wks 0.15 ND NG 0.725 ND NG ND ND NG 
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Plant Time 
ROOT LEAVES STEM 

Pb Zn Co Pb Zn Co Pb Zn Co 

10 wks ND ND NG ND ND NG ND ND NG 

Vignaunguiculata 

4 wks 4.4 0.375 NG 0.1273 0.424 NG 0.6444 0.0695 NG 

6 wks 0.3625 0.4115 NG 0.137 0.5579 NG 0.0685 0.1305 NG 

8 wks 0.0817 0.087 NG 1.1 0.4029 NG 0.4143 0.5929 NG 

10 wks ND ND NG 1.9044 ND NG ND 0.0513 NG 

KEY: D = Dead, ND = No growth, NG = No growth 

Results from the Table show that the roots absorbed Pb at an optimum period of 8 weeks; Zn and Co at an optimum period 

of 10 weeks. The difference in absorptivity of the metals may be related to atomic size and migration potential of the ions. Co 

is absorbed by the roots in greater quantity within 10 weeks while Pb is absorbed least in 10 weeks. Also it is observed that in 

10 weeks, there is sharp reduction in absorption of Pb in the roots of the plants, this could be as a result of the process of 

phytovolatilization taking place [1]. There is continuous absorption of the metal ions by the roots at different time of harvest. 

This implies that the plant can be used for phytoremediation. 

The result of investigation into the amount of metal absorbed by the stem samples of telfairia occidentalis shows that there 

is continuous increase in absorption of all the metal ions as time of harvest increases. At 10 weeks of harvesting, the quantity 

of Pb ions absorbed is smaller than the quantity of Co or Zn absorbed. Pb is also toxic to plants and so metal intake may be 

smaller. 

In the leaves of the plants, there is continuous increase in absorption of Pb as time of harvest increases, but there is decrease 

in absorption of Zn and Co as time of harvest increases. The storage facilities of the plant for these metals may be probably on 

the roots and stems. The quantity of Pb on the leaves may have been contributed to by air-lead deposit. Some plants have the 

ability to accommodate lead dust on the surface of their leaves. 

Generally the roots of telfairia occidentalis absorbed most metal ions (Pb, Co & Zn), while the leaves absorbed least. This 

could be as a result of the precipitation or immobilization of metal contaminants in the soil surfaces or within the root tissues 

(phytosequestration) [2]. 

The result of the investigation into the amount of metal absorbed by the roots of bryophyllum pinnatum at different time of 

harvest is shown in the Table. The results show that there is increase in absorption of Pb, Co and Zn as time of harvest 

increases. However the plants died easily before the 10
th

 week (the dead stem of the plant inoculated with Pb was found and 

analysed), hence no result for all others. Also the total uptake of Pb is the greatest while Co is the least. This could be as a 

result of the soil not being acidic. It has been found that Co mobilizes easily in very acidic conditions [12, 13, 16]. 

The results also show that Zn is absorbed mostin the stem and Co the least. This could also be as a result of the soil not 

being too acidic [16]. The result of the analysis indicates that in the leaves Co and Zn are absorbed at optimum time of 6 weeks 

while Pb is absorbed at optimum time of 8 weeks. The leaves of the plants withered as time of harvest approached 9 weeks. 

Even though this plant can be regarded as a wild medicinal plant, it is surprising that it is greatly affected by pollutants 

absorbed. This could be as a result of presence of saponins, flavonoids, and tannins in the plant. However, results show that it 

can be used to phytoremediate soil contaminated with Pb, since its total uptake is up to 3.8mgL
-1

. 

From result shown in the Table, in the roots of talinum triangulare, there is increase in the absorption of Co as the time of 

harvest increases, there is decrease in absorption of Pb as the time of harvest increases. Zn is not detected in the root of talinum 

triangulare. Also Pb is absorbed at optimum time of 8 weeks in the stem while there is sharp decrease at the 10
th

 week. 

In the stem there is increase in the absorption of Zn as time of harvest increases. The reverse observation is seen with Co. 

This continues to emphasis the different capabilities which plants have for sequestration of metal ions from solution [2]. Zn is 

highly absorbed by the leaves of talinum triangulare while Co is not absorbed at all. 

Generally, the absorptivity of parts of talinum triangulare may be expressed as stems>roots>leaves. 

Also result shows that the roots of abelmoschus esculentus absorbed only Pb ions, while Zn and Co were not detected. 

Further, the stem absorbed the Pb and Zn only within 6 weeks of harvest. The plant did not show absorption at the 10
th

 week. 

The amount of Pb on the leaves of the plant may also be as a result of air-borne Pb or Zn. Co was not absorbed by the plant 

parts and this could be as a result of Co being toxic to the plant. The plants died at inoculation stage. 

The results indicate that abelmoschus esculentus could be used to phytoremediatePb and Zn. The amount of Pb absorbed by 

the plant especially the leaves indicates that the consumption of the leaves of this plant may be unsafe. 
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Generally, the total plant uptake may be expressed in the order Zn>Pb>Co. Comparing the uptake by parts of the plant, an 

order leaves>stems>roots may be established. 

Table1 indicated the result of metal uptake of the root of vigna unguiculata. It is observed that Pb is more absorbed than Zn 

while Co is toxic to the plant as plants died at inoculation stage. The optimum absorption of Zn is after 6 weeks in the roots 

and leaves, 8 weeks in the stem while the optimum absorption of Pb is after 4 weeks in the roots and stems, and 10
th

 week in 

the leaves. 

The decrease in the absorption of Pb in the roots as the time of harvest increases could be as a result of phytoextraction 

(phytomining) of Pb, which is the accumulation of contaminants in the shoots and leaves of plants[3]. In the stem, the optimum 

absorption for Pb is 4 weeks while that of Zn is 8 weeks, when the stem was harvested after 10 weeks of planting, the value of 

Zn decreased. This is probably as a result of phytovolatilization [2]. 

In the leaves, there is a progressive increase in the uptake of Pb by the plant. This can be explained in terms of phytomining 

process in the absorption of metal ions by plants [3]. 

The non growth of plant inoculated with Co is an indication that the plant cannot be used to phytoremediate a soil polluted 

by Co. 

From the result, it is clear that telfairia occidentals absorbs Zn more than Co and Pb the least. Also bryophyllum pinnatum 

absorbs Pb more than Zn and Co the least. Further, talinum triangulare absorbs Co more than Zn and Pb the least. 

Abelmoschus esculentus absorbs Zn more than Pb and Co is toxic to the plant. Vigna unguiculata absorbs Pb more than Zn and 

Co is toxic to the plant. 

 

Conclusion 
 

Vigna unguiculata absorbs Pb most, and Telfairia occidentalis the least. Also Vigna unguiculata absorbs Zn most and 

Bryophyllum pinnatum the least. Talinum triangulare absorbs Co most and none in Vigna unguiculata and Abelmoschus 

esculentus. In general, these African plants could be used to sequestrate metals from polluted soils. ■ 
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