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Abstract: This study investigates the effect of the application of EDTA (ethylenediamine-tetraacetic acid) on the 

phytoextraction of Cd, Co, Cu, Ni, Pb, and Zn by Vetivera zizanioides, Cymbopogon citrates and Helianthus annuls harvested 

from experimental site (with EDTA) and a control area (without EDTA) in Zaria-Nigeria. The concentrations of Cd, Co, Cu, Ni, 

Pb, and Zn in different parts of each of the plant species collected from the experimental and control soils were determined 

using atomic absorption spectrophotometry. Application of 5 mmol/kg EDTA in soil did not affect plant growth but 

significantly increased Cd, Co, Cu, Ni, Pb, and Zn concentrations in shoots and roots of the plants. The concentrations of heavy 

metals measured in the tissues of plants collected from the experimental site were higher (P ≤ 0.05) than in the control. The 

percentage increase in the metal concentration for each plant specie were:- for Vetivera zizanioides, Cd – 75%, Co – 205%, Cu 

– 190%, Ni – 645%, Pb – 5% and Zn – 29%; for Cymbopogon citrates, Cd – 100%, Co – 109%, Cu – 551%, Ni – 907%, Pb – 

39% and Zn – 50%; for Helianthus annuls, Cd – 21%, Co – 235%, Cu – 44%, Ni – 507%, Pb – 70% and Zn – 02%. The heavy 

metal concentrations were higher in leaves (P ≤ 0.05) than in roots of the plants. The translocation factor (TF) for all the metals 

studied were greater than 1.The results of this study demonstrated that EDTA is an efficient soil amendment in enhancing 

desorption of Cd, Co, Cu, Ni, Pb, and Zn from soil and in increasing their accumulation in plants. As for plant species tested, 

the effectiveness in the uptake of the metals studied was Helianthus annuls < Vetivera zizanioides < Cymbopogon citrates. 
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1. Introduction 

Excessive metal concentration in soils pose significant 

hazard to human, animal and plant health, and to the 

environment in general [1]. 

Phytoextraction process involves plant roots removing 

metals from contaminated soils/sediments and transporting 

them to leaves and stems for harvesting and disposal without 

destroying the soil structure and fertility. The success of the 

phytoextraction process, whereby pollutants are effectively 

removed from soil, is dependent on an adequate yield of 

plants and/or the efficient transfer of contaminants from the 

roots of the plants into their aerial parts [2, 3]. 

Phytoextraction makes use of natural hyperaccumulators as 

well as high biomass producing plants. The two basic 

phytoextraction strategies that have been used are (i) chelate-

assisted phytoextraction or induced phytoextraction, in which 

artificial chelates are added to treated soil to increase the 

mobility and uptake of metal contaminants and (ii) 

continuous phytoextraction, in which the removal of metal 

depends on the natural physiological ability of the plant [4]. 

Plant species and relative abundance and availability of 

necessary elements also control metal uptake rates. 

Ethylenediamine-tetraacetic acid (EDTA), a synthetic 

chelator, is poorly biodegraded in soils although it is effective 

at complexing metals. It is a non-selective extracting agent 

that can form a strong complex with a variety of metals in 

soils including alkaline-earth cations. Excess amounts of 

EDTA may leach to groundwater and cause subsurface water 

contamination. Wallace et al. [5] reported that metal–EDTA 

complexes could increase solubility and phytoavailability of 

metals in soils. When EDTA is applied to soils, a large 
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fraction of the total metals is dissolved and becomes 

available for phytoextraction without inducing a strong 

acidification of the growth medium. Furthermore, as 

compared to other chemical compounds (such as inorganic 

acids), EDTA can solubilize metals with fewer undesirable 

effects on the soil physico-chemical properties. The ability of 

EDTA to increase concentration of metals in soil solution is 

influenced by a number of factors, including: concentration 

of metals and EDTA; presence of competing cations; metal 

species and their distribution among soil fractions; soil pH; 

adsorption of free and complexed metals onto charged soil 

particles and the formation constant of metal–ligand 

complexes. Because of its high binding affinity for metals, 

when applied at high concentrations, EDTA has the potential 

to affect the release of metals from solid phases by forming 

dissolved complexes. The formation of metal–EDTA 

complexes in soil solution may shift precipitation and 

sorption equilibria toward increased dissolution of metals [6]. 

Alternatively, EDTA may interact directly with solid phases 

by complexing metal ions present in, and/or adsorbed onto 

primary or secondary minerals [7]. 

The dumpsite at Dakace in Zaria, Nigeria (11
o
 07’ 51” N; 

7
o
 43’ 43” E) occupies an estimated area of 20 m x 6 m. 

Three different plant species namely Vetivera zizanioides, 

Cymbopogon citrates (Lemon grass) and Helianthus annuls 

(sunflower) were planted on the soil around the dumpsite. 

The aim of this study is to investigate the effect of the 

application of EDTA (ethylenediamine-tetraacetic acid) on 

the phytoextraction of Cd, Co, Cu, Ni, Pb, and Zn by Vetivera 

zizanioides, Cymbopogon citrates and Helianthus annuls 

collected from experimental site (with EDTA) and a control 

area (without EDTA) in Zaria-Nigeria. 

2. Materials and Methods 

2.1. Experimental Design 

The field experiment was carried out near a scrap-metal 

dumpsite at Dakace in Zaria-Nigeria from July to September 

of 2013. An experimental area of 6 m x 4 m was selected at 

each site and divided into two parts (3 m x 2 m) where the 

studied plants were grown. The seedlings of the plants were 

obtained from farmlands not contaminated and transplanted 

to the field. The seedlings of the plants were obtained from 

farmlands not contaminated and transplanted to the field. 

Three different plant species-Vetivera zizanioides, 

Cymbopogon citrates (Lemon grass) and Helianthus annus 

(sunflower) were planted in the designated field plot with 

spacing of 20cm x 20cm for all the tested plants as described 

by Zhuang et al. [8]. The plants were allowed to grow 

naturally under natural agro-climatic conditions and exposed 

to natural day and night temperatures, with neither 

fertilization nor optimum irrigation so as to assess the 

feasibility of the remediation process. Weeds were controlled 

by mechanical method. After 10 weeks when the plants must 

have achieved maximum biomass production, a single dose 

of 5 mmol/kg EDTA (Na2-EDTA) was applied to the soil of 

one part of the plot. Seven days after the application of the 

EDTA solution, the plants were harvested and the associated 

soil samples were collected. 

2.2. Sample Collection 

Whole plant samples were collected from experimental 

site (with EDTA), while soil samples (150 g) were collected 

from the surface to a depth of 15 cm around each plant root 

zone, using hand trowel and then mixed together. 

Background soil (150 g) and plant samples (without EDTA) 

were also obtained as control from an area 5 km distance 

away from the dumpsite. The collection was done by 

dividing the experimental and control sites each into four 

quadrants, five plants samples and soil samples were 

collected from each quadrant in a diagonal basis following 

the methods of Nuonom et al. [9]. 

2.3. Sample Treatment and Analysis 

The collected soil samples were air-dried at room 

temperature for 3 days, while the shoots and roots of the 

plant samples were washed, separated and air dried. The soil 

samples were ground and sieved (500µm sieve) and then 

dried in an oven at 65 ± 1
o
C for 16 hrs, following which it 

was kept in clean polythene bags for further analysis.  

 One gram of each of the soil and plant samples was 

digested separately with 10 cm
3
 of aqua regia (a mixture of 3 

parts concentrated HCl to 1 part concentrated HNO3) on a hot 

plate in a fume cupboard, until a clear solution was obtained. 

Distilled water was added periodically to avoid drying up of 

the digest. To the hot solution, 30 cm
3
 of distilled water was 

then added and filtered through a Whatman No. 42 filter 

paper into a 50 cm
3
 standard volumetric flask and then made 

up to the mark with distilled water [10].  

Cadmium, cobalt, copper, nickel, lead and zinc 

concentrations in the plant and soil samples were determined 

using a D100XB4J atomic absorption spectrometer [9], with 

the analyses being done in triplicate. 

The bioaccumulation factor (BF) and the translocation 

factor (TF) were calculated to determine the degree of metal 

accumulation in the plants grown at the farm site close to the 

dumpsite.  

Concentration of metal in plant
BF

Concentration of metal in soil
=  

Concentration of metal in plant shoot
TF

Concentration of metal in plant root
=  

Replicates of the data obtained were subjected to one-way 

ANOVA using SPSS 20 software. 

3. Results and Discussion 

Figure Ia shows the results for the metal concentrations in 

the different parts of Vetivera zizanioides plant. The results 

showed that the concentrations of the metals in the plant at 
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the experimental site (with EDTA) were higher (P ≤ 0.05) 

than the control (without EDTA). 

The metal levels were higher in the leaves (P ≤ 0.05) than 

in the roots which is an indication that the studied metals 

were extracted from the soil by the roots and translocated to 

the leaves. The application of EDTA has increased the metals 

levels as follows: Cd – 75%, Co – 205%, Cu – 190%, Ni – 

645%, Pb – 5% and Zn – 29%. The bioaccumulation factor, 

BF (Figure Ib) for all the metals studied was greater than 1, 

except Cd whose BF was less than 1. The translocation factor 

(TF) for the studied metals were all greater than 1. For 

Cymbopogon citrates (Figure IIa) the metal levels at the 

experimental site (with EDTA) were higher (P ≤ 0.05) than 

the control (without EDTA). The percentage increase were: 

Cd – 100%, Co – 109%, Cu – 551%, Ni – 907%, Pb – 39% 

and Zn – 50%. There was an increase in both BF and TF at 

the experimental site (with EDTA) compared to the control 

(without EDTA), except for Pb where the TF were the same 

(Figure IIb). For Helianthus annuls (Figure IIIa) the metal 

levels at the experimental site (with EDTA) were also higher 

(P ≤ 0.05) than the control (without EDTA). The percentage 

increase for the studied metals was: Cd – 21%, Co – 235%, 

Cu – 44%, Ni – 507%, Pb – 70% and Zn – 02%. Both the BF 

and the TF were greater than 1 (Figure IIIb), except for Cd 

where its BF was less than 1. 

Huang et al. [11] and Blaylock et al. [12] were able to 

achieve rapid accumulation of Pb in plant shoots higher than 

1% of shoot dry biomass with EDTA, the most commonly 

used chelating agent. Heavy metal concentration in shoots 

and roots of plants significantly increased when EDTA 

addition levels were higher than 3 mmol/kg [13]. Chelating 

agent not only facilities heavy metal removal from the soil 

via plant uptake; it theoretically means that any metal that 

can be chelated and solubilized, can be removed in the same 

manner, providing that the soil chemistry favors the forming 

of a chelate metal complex [14].  

These results indicated that the application of EDTA 

increased the studied metal accumulation in plant roots from 

the rhizosphere of the soil, and also facilitated the metal 

translocation from roots to shoots. The phytoextraction 

potential of each plant specie is determined by its BF and TF. 

Where the BF is greater than 1, the plant specie is a good 

accumulator, and where the TF is greater than 1 the plant 

specie is a hyperaccumulator of the metal [15]. As for plant 

species tested, the effectiveness in the uptake of the metals 

studied was Cymbopogon citrates > Vetivera zizanioides > 

Helianthus annuls. These plants have good phytoextraction 

potentials for the removal of heavy metals from contaminated 

soils. 

4. Conclusion 

The concentrations of the metals in Cymbopogon citrates, 

Vetivera zizanioides, Helianthus annuls plants at the 

experimental site (with EDTA) were higher than the control 

(without EDTA). The metal levels were higher in the leaves 

than in the roots which is an indication that the studied 

metals were extracted from the soil by the roots and 

translocated to the leaves. The application of EDTA increased 

the metal accumulation of studied plant roots from the 

rhizosphere of the soil, and also facilitated the metal 

translocation from roots to shoots. The percentage increase 

ranged from 39% in Pb to about 907% in Ni for Cymbopogon 

citrates, 5% in Pb to 645% in Ni for Vetivera zizanioides and 

2% in Zn to about 507% in Ni for Helianthus annuls. As for 

plant species tested, the effectiveness in the uptake of the 

metals studied was Cymbopogon citrates > Vetivera 

zizanioides > Helianthus annuls.  

 

Figure Ia. Concentration of Heavy metals (mg/kg) in different parts Vetivera zizanioides plant and the soil. 
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Figure Ib. Bioaccumulation and Transfer factors for Vetivera zizanioides plant. 

 

Figure IIa. Concentration of Heavy metals (mg/kg) in different parts Cymbopogon citrates(Lemon grass) plant and the soil. 

 

Figure IIb. Bioaccumulation and Transfer factors for Cymbopogon citrates(Lemon grass) plant. 
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Figure IIIa. Concentration of Heavy metals (mg/kg) in different parts Helianthus annuls (sunflower) plant and the soil. 

 

Figure IIIb. Bioaccumulation and Transfer factors for Helianthus annuls (sunflower) plant. 
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