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ABSTRACT 
 

Aim: This study was carried out to asses the effectiveness of EDTA phytoextraction of heavy 
metals by Amaranthus hybridus cultivated on selected dumpsites, with a view to applying the plant 
in environmental restoration. 
Study Design: It is an analytical study. 
Place and Duration of Study: This study was conducted at Ekiti State University Ado Ekiti, 
Nigeria between November 2010 and June 2012. 
Methodology: Topsoil (0-15cm) samples were randomly collected on selected dumpsites. The pH 
and organic matter content of soil were determined prior to plant cultivation. Sequential extraction 
of heavy metal from soil samples were conducted using modified Tessier’s procedure and acid 
digestion to obtain the distribution pattern of metals in soil samples. The heavy metals 
concentration inddiferent sections of plant with or without EDTA application was determined using 
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Flame Atomic Absorption Spectrophotometer, leading to the calculation of phytoextraction 
efficiency. 
Results: The results revealed the mean pH and organic matter content torange from 6.12±0.08-
6.56±0.14 and 5.40±0.02-5.84±0.15% respectively; these values were observed to be higher on 
dumpsites when compared with control sites. Application of synthetic chelate effectively increased 
the mobility of heavy metals from root to shoot of the plants and as a result of this, concentrations 
of heavy metals in the shoots of plants were higher in the experiment than control with 
concentrations of Cd (139.3, 130.0, 126.0 and 123.8 mg/kg; experiment,46.9, 44.2, 37.9  and 23.5 
mg/kg; control), Cr (60.5, 59.2, 56.0  and 53.0; experiment, 24.4, 18.2, 16.6 and 16.6 mg/kg; 
control), Cu (189.3, 180.6,176.0 and 173.8; experiment, 69.0, 66.2, 59.9 and 44.5 mg/kg; control), 
Pb (227.2, 228.8, 296.3 and 278.7; experiment, 110.1, 104.8, 82.4 and 78.2 mg/kg; control) and 
Zn (148.0, 129.2, 121.0 and 116.4; experiment, 68.2, 63.0, 58.0 and 51.8 mg/kg; control)  at Aba 
Egbira, Atikankan, Igbehin and Moshood street dumpsites respectively . Bioaccumulation factor 
(BF), translocation factor (TF) and remediation ratio (RR) were obtained to be  greater than one 
for Cd, Cu and Pb, which showed that these metals were translocated in the plant’s shoot and as 
a result, Amaranthus hybridus is effective in chelant-assisted phytoextraction.  
Conclusion: Therefore, the use of Amaranthus hybridus is advocated as a candidate plant for 
restoring dumpsites polluted with heavy metals. 
 

 
Keywords: Amarantus; heavy; metals; effect; phytoextraction; dumpsites. 
 

1. INTRODUCTION 
  
Concern has been expressed with regard to the 
accumulation of toxic heavy metals such as 
cadmium (Cd), zinc (Zn), copper (Cu), chromium 
(Cr), mercury (Hg) and lead (Pb) and their impact 
on both human health and the environment [1]. 
Ecosystem has been exposed to heavy metals 
through consumption of contaminated crops and 
vegetables grown on dumpsites or by drinking of 
water that percolated through such soils [2]. 
Contamination of soils with toxic metals has often 
resulted from human activities; especially those 
related to mining, industrial emmisions, disposal 
or leakages of industrial waste, application of 
sewage sludge to agricultural soils, and fertilizer 
and pesticide use [3,4]. The government and 
public need to be aware of the implications of 
polluted or contaminated environment on human 
health, thereby causing increasing interest 
amongst the scientists on the development of 
appropriate technologies to remediate 
contaminated sites [5]. 
 
Therefore, the cleanup of heavy metal 
contaminated soils is emergent and imperative. 
Phytoremediation was considered as an 
alternative cleanup method by using ornamental 
plants and grasses to remove, destroy, or 
sequester hazardous contaminants from 
environmental media, such as soil, water and air 
[6,7,8]. It is an emerging technique as a cost-
effective, environmentally friendly, and 
technically applicable in situ, making it preferable 
to other chemical or mechanical techniques [7,9]. 

At present, there are two strategies of 
phytoextraction: (1) continuous phytoextraction 
which depends on the natural ability of some 
plants to accumulate, translocate and resist high 
amounts of metals over the complete growth 
cycle (e.g., hyper accumulators), and (2) chelate-
enhanced phytoextraction based on the 
application of chelating agents to the soil to 
enhance metal uptake by plants [8,10,11]. 
Hyperaccumulators are capable of accumulating 
large amount of trace elements including nickel 
(Ni), arsenic (As), Zn, Cd, and Pb in their above-
ground tissues without any toxic symptoms 
[12,13].The effectiveness of a candidate plant to 
extract heavy metals from root to shoot transport 
system and tolerate very high concentration of 
such metals provides hyperaccumulators with 
potential detoxification capacity. The slow growth 
and small size of nearly 400 known 
hyperacumulators have limited their applications 
[14]. Several researchers have screened fast-
growing, high-biomass accumulating plants, 
including agronomic crops, for their ability to 
tolerate and accumulate metals in their shoots 
[15,16,17].  
 
However, the use of these species for 
phytoremediation on a commercial scale is 
limited due to its low biomass production and 
slow growth rate. In order to compensate for the 
low metal accumulation, many researches have 
been conducted using synthetic chelators such 
as Ethylene Diamine Tetraacetic Acid (EDTA), 
Ethyle Glycol Tetraacetic Acid (EGTA) and other 
syhnthetic chelators to enhance the mobility and 
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bioavailability of heavy metals in soils and 
increase phytoextraction efficiency [18,19]. 
Another limitation is how these heavy metals will 
be treated after phytoextraction; hence, 
phytomining is proposed for the total removal of 
these heavy metals from the ecosystem.  EDTA 
is probably the most efficient chelate at 
increasing the concentration of various metals in 
above ground plant tissues [17,20,21]. Its high 
efficiency relies on solubilization of poorly 
available metals in soil (e.g Pb, Cr, Cu), followed 
by a largely passive accumulation of metal 
complexes in plant shoots through the 
transpiration stream [22,23].  
 
Amaranthus hybridus is a popular nutritious leafy 
vegetable crop, widely consumed in Nigeria and 
some part of Africa [24]. The plant grows 
naturally on dumpsites and as a result it was 
selected for this study. Research on the genus 
Amaranthus include Amaranthus tricolor and 
Amaranthus retroflexus which were used for the 
uptake of cadmium, mercury, zinc and copper; 
and Amaranthus spinosus that was used for the 
accumulation of cadmium, zinc and iron 
[7,25,26]. This work was carried out to assess 
the effect of EDTA on phytoextraction of heavy 
metals by Amaranthus hybridus cultivated on 
dumpsites found in selected locations in Ekiti 
state, Nigeria, with a view to suggesting the 
technology for treatment of polluted sites.   
 

2. MATERIALS AND METHODS 
 
2.1 Soil Preparation and Experimental 

Procedure 
 
Top soil (0-15 cm) was collected in November, 
2010 from four dumpsites namely: Aba Egbira 
(7°37

1
N), Atikankan (5°13

1
E) at Ado Ekiti and 

Igbehin street (6°30
1
N), Moshood road (8º36

1
E) 

at Ikere Ekiti, Ekiti state, Nigeria. Control 
samples were collected 200m away from each 
dumpsite. The volume of domestic waste on 
these dumpsites has increased over the years as 
a result of the increased in economic activities 
since the creation of the state in 1996. These soil 
samples were randomly collected on each 
dumpsite to make a total of eight soil samples 
(two from each dumpsite). The soil sample were 
air dried , thoroughly mixed by a mechanical 
mixer and passed through a 4 mm metal sieve to 
remove fiber and non soil particulate.  These soil 
parameters: pH range, organic matter content 
range and heavy metals concentration were 
determined prior to planting. pH and organic 
matter content (loss on ignition) was determined 

according to Hong and Teresa [27]. The soil 
samples were transferred into plastic pots to 
conduct green house experiment. 
 

2.2 Pot-culture Experiment 
 
Plastics pots of 15 cm high and 20 cm wide were 
filled with 5 kg of soil that had been previously 
sieved using a sieve with 4 mm mesh size. The 
uniform seedlings of Amaranthus hybridus 
obtained from a farm in Ado Ekiti after proper 
identification by a plant scientist in Ekiti State 
University herbarium were planted on pots 
marked experiment (with EDTA) and control 
(without EDTA). The experiment was spiked with 
1.0 g/kg of EDTA at preflowering, flowering and 
maturity stages after planting according to Sun et 
al. [28]. The plant seedlings were cultivated 11

th
 

April, 2011 and harvested 8
th
 July, 2011, atfer 

maturity.These plants were cultivated in green 
house and no fertilizer was added. The soil 
samples were watered to 75% waterholding 
capacity and this level was maintained 
throughout plant’s life span. A petri dish was 
placed under each pot to collect potential 
leachates which were immediately added to each 
pot to prevent loss of nutrients and target heavy 
metals. The plant dry weight was determined 
after harvesting and drying. 
 

2.3 Sequential Extraction of Heavy Metals 
 
The sequential extraction of heavy metals was 
carried out by method prescribed by Tessier et 
al. [29], modified by Campanella et al. [30]. The 
metal in aqueous phase of soil was extracted 
with 45 mL of 1M ammonium acetate at pH 5 
with acetic acid under stirring for 24 hours. The 
exchangeable fraction was determined through 
extraction with 22.5 mL of hydroxylammonium 
chloride (1M) and 22.5 mL acetic acid (25%), 
with stirring at room temperature. Metal adsorbed 
on inorganic soil constituent was extracted with 
12.5 mL of 0.1M HCl and stirring for 24 hours. 
Those associated with organic matter was 
treated with 12.5 ml of 0.5 M NaOH and stirring 
for 24 hours, later dried under IR lamp at 60°c 
and then digested with 4 ml of 65% HNO3 and 2 
mL of 40% HF in a microwave oven. The metals 
at the mixed solids phase were extracted using 
12.5 mL of 8M HNO3 and digested for 3 hours at 
80°c. Lastly, the residual solid was digested with 
4 ml of oxidising mixture (HNO3: HCl) and 6 ml 
HF in Teflon recepient put in microwave oven. 
The sample was also shaken with 5.6g HBO3 to 
avoid silica evaporation and diluted to 100 mL by 
deionized water. 
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2.4 Plant and Soil Analysis 
 
The plants were immersed in 0.01M HCl solution 
to remove any external heavy metals [31] and 
rinsed with deionized water for 1 min. 
Subsequently, the plants were separated into 
parts: roots, stem, fruits and leaf. After that, they 
were dried at 100°C for 10 min, subsequently at 
70°C in an oven to complete dryness. The plants 
and soil samples were digested with a solution of 
3:1 HNO3:HClO4 (v/v). Heavy metals 
concentration was determined using flame 
atomic absorption spectrophotometer (Perkin 
Elmer, model 306).  
 

2.5 Data Analysis  
 
All treatments were replicated three times for 
control and experiment. The statistical analyzes 
were conducted using Analysis of Variance 
(ANOVA) procedures and mean separated by 
Duncan’s Multiple Range Test (DMRT) using 
SPSS 15.0. Significant difference was 
determined between multiple treatments by 
(LSD) test. Bioaccumulation factor (BF), the ratio 
of contaminant concentration in plant to that in 
soil; Translocation Factor (TF), the quotient of 
contaminant concentration in shoot to roots; and 
Remediation Ratio (RR) were calculated. The 
remediation ratio was calculated according to this 
equation: 
 

RR (%) =   Mshoot x Wshoot X 100(%) 
Msoil x Wsoil 

 
Where Mshoot is concentration of metals in the 
shoots of plants (mg/kg), Wshoot is the plant dry 
plant shoot (g); Msoil is concentration metals in 
soil measured in each pot (mg/kg) Wsoil is the 
mass of soil in the pot (g). The RR reflects the 
amount of metals extracted by a plant from soil, 
which indicate phytoextraction efficiency under 
chelant-induced experiments. Ratio of heavy of 

heavy metals in shoot of plant in chelants-
assisted accumulation was compared with non-
chelants assisted accumulation as: Mshoot 
(Exp.)/M shoot(Cont.). 
 

3. RESULTS AND DISCUSSION 
 
3.1 Physicochemical Parameters of Soil 

and Plant Dry Weight Production 
 
The results of physicochemical analyses of soil 
and dry weight production of plant after harvest 
are presented in Table 1. Results obtained from 
pH determination revealed that dumpsites have 
higher pH values (6.12±0.08-6.56±0.14) when 
compared to control sites (5.40±0.02-5.84±0.15). 
 
The pH of soil is a dynamic quality that can have 
a tremendous effect on the ability of plants to 
grow and thrive in it. Soil pH affects the uptake of 
essential nutrients by plant, soil microbial activity 
as well as health of plant in general [32]. 
 
The organic matter content of dumpsites; Aba 
Egbira (AB), Atikankan (AT), Igbehin street (IG) 
and Moshood road (MO) was found to be 
7.8±0.12, 6.02±0.11, 5.6±0.10 and 3.6±0.14 
respectively, while at control sites located 200 m 
away from each of the dumpsites lesser values 
(6.2±0.13, 5.80±0.12, 4.8±0.17 and 2.56±0.11) 
was observed for each of the dumpsites 
respectively. 
 
Organic matter content of soil is an indication of 
vast array of carbon compound in soil. It is 
usually created by plants, microbes and other 
organisms, these compound plays varieties of 
roles in nutrient, water and biological cycles. For 
example, soil organic matter is known to increase 
the nutrient holding capacity of soil. It also acts 
as pool of nutrients for plant [33]. 

 
Table 1.  physicochemical parameters of soil and dry weight production of plant cultivated on 

selected dumpsites 
 

Dumpsite                pH             OMC (%)            Weight (g) % Red 

Exp. Cont. Exp. Cont. Exp. Cont.  

AB 6.41±0.12 5.84±0.15 7.8±0.12 6.2±0.13 2.58 1.62 37.21 
AT 6.56±0.14 5.72±0.14 6.02±0.11 5.80±0.12 2.42 1.58 34.71 
IG 6.22±0.12 5.64±0.20 5.60±0.10 4.80±0.17 2.34 1.62 30.77 
MO 6.12±0.08 5.40±0.02 3.60±0.14 2.56±0.11 2.18 1.52 30.28 
AB: Aba Egbira; AT: Atikankan; IG: Igbehin; MO: Moshood; OMC: Organic Matter Content  Red: Percentage 

reduction in weight; Exp: Experiment; Cont: Control 
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In addition, the application of EDTA to the plants 
caused a reduction on their biomass production 
to the levels of 37.21, 34.71, 30.77 and 30.28 %, 
in Aba Egbira, Atikankan, Igbehin street and 
Moshood road dumpsites respectively, when 
compared to the plants without EDTA Table 1. 
There were symptoms of phytotoxicity at earlier 
stage of EDTA application, with visible yellow 
leaves of plants, which disapper on germination. 
Clistenes et al. [34] reported that synthetic 
chalates have shown high effectiveness in heavy 
metals mobility and accumulation in the shoot of 
plants.  
 

3.2 Distribution of Heavy Metals in 
Different Phases of Soil 

 
The results of sequential extraction of heavy 
metals of soil collected from selected dumpsites 
in Ekiti State are shown in Fig. 1. The results 
revealed that EDTA was an efficient soil 
ammendment as heavy metals were distributed 
more in non-residual phase than residual phase 
of soil, as those metals found in non-residual 
phase are probably more bioavailable. Since 
more of these metals are available in non-
residual phases of soil, the tendencies for their 
mobility and bioavailability would increase. 
 
Sequential extraction procedure according to 
Camparalla et al. [30] classified heavy metals 
sources as anthropogenic and lithogenic. Also, 
the ease of extraction of these metals is 
dependent on how strongly bound or dissolved in 
aqeous phase, inorganic constituents, organic 
matter and as secondary minerals. The most 
easily soluble phase is considered to be the most 
bioavailable while the last fraction is the least 
bio-available [35]. 
 

3.3 The Influence of EDTA on Heavy 
Metals Uptake and Accumulation 

 
Table 2 presents the concentration of heavy 
metals in tissues of Amaranthus hybridus with 
and without EDTA treatment in the four 
dumpsites considered. The results showed that 
the concentrations of heavy metals were higher 
with addition of EDTA (1g/kg) than without EDTA 
(control), particularly with concentration of Cd 
(139.3, 130.0, 126.0 and 123.8 mg/kg; 
experiment, 46.9, 44.2, 37.9  and 23.5 mg/kg; 
control), Cr (60.5, 59.2, 56.0  and 53.0; 
experiment, 24.4, 18.2, 16.6 and 16.6  mg/kg; 
control),  Cu (189.3, 180.6,176.0 and 173.8; 

experiment, 69.0, 66.2, 59.9 and 44.5 mg/kg; 
control), Pb (227.2, 228.8, 296.3 and 278.7; 
experiment, 110.1,104.8, 82.4 and 78.2 mg/kg; 
control) and Zn (148.0, 129.2, 121.0 and 116.4; 
experiment, 68.2, 63.0, 58.0 and 51.8 mg/kg; 
control)  at Aba Egbira, Atikankan, Igbehin and 
Moshood street dumpsites respectively. These 
results are similar to those obtained by Yue-bing 
et al. [36] while examining the role of EDTA and 
CA on heavy metals phytoextraction in 
hyperaccumulator Sedum alfredii. 
Concentrations of heavy metals (Cd, Cr, Pb, Zn, 
and Cu) were also found to increase in the order 
leaf > stem > root >fruits in both control and 
experiments as well as in all dumpsites under 
consideration. A. hybridus was found to have 
accumulated considerably high concentration of 
Cd, Cr, Pb, Cu and Zn in their harvestable 
sections. 
 

3.4 Remediation Efficiency 
 
The bioaccumulation factor (BF) and 
translocation factor (TF) were used to evaluate 
the effectiveness of plant in metal accumulation 
and translocation [37,38]. As listed in Table 3, 
the BF and TF values of Cd, Cr, Cu, Pb and Zn 
increased with the application of EDTA relative to 
control. The BFs and TFs of Cd, Cu and Pb were 
all greater than 1.0 in the treatment of 1g/kg 
EDTA, indicating high capability of Cd, Cu and 
Pb uptake and transport by A. hybridus [36]. The 
phytoextraction of plants depends not only on 
heavy metal concentration in above-ground 
biomass, but largely on the biomass yield of the 
plants [39]. 
 
The RR is a reflection of the concentration of 
metals accumulated by a plant from soil, which is 
an indication of phytoextraction efficiency. In 
addition to this, the plant gave excellent 
performance in remediating soil polluted with Cd, 
Cu and Pb as BF, TF and RR values were ≥1. 
The greater the values of BF, TF and RR the 
more the plant could be useful as 
hyperaccumulators. A. hybridus has been found 
to grow naturally on various soils including 
dumpsites, which was the reason for high plant 
biomass even when 1g/kg EDTA was applied at 
different germination stages. Similar results were 
obtained for Amaranthus dubius as a 
hyperaccumulator of As, Cr, Cu, Pb and Hg [40]. 
This may be because A. hyridus and A. dubius 
belong to the same family. 
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Fig. 1. Chemical speciation of Cd, Cr, Cu, Pb and Zn in soil collected from selected dumpsites 
 

Table 2.  Concentration of heavy metals in the tissues of Amarantus hybridus withand 
without EDTA treatment (mg/kg) on selected dumpsites 

 

       Root      Stem        Leaf       Seed 

Cd Exp. Cont. Exp. Cont. Exp. Cont. Exp. Cont. 

AB. 
AT. 
IG. 
MO. 

68.0a 
64.0a 
60.0a 
58.0a 

46.0a 
42.0a 
41.2a 
40.0a 

42.1a 
38.0ab 
36.0ab 
36.0ab 

10.1a 
10.0a 
9.8a 
6.2ab 

85.0a 
82.0ab 
80.0ab 
78.0ab 

30.0a 
28.0a 
22.0ab 
12.8b 

12.2a 
10.0ab 
10.0ab 
9.8b 

6.8a 
6.2ab 
6.1ab 
4.5b 

Cr 
AB. 
AT. 
IG. 
MO. 

16.0a 
16.0a 
15.1ab 
15.0ab 

7.6a 
7.4a 
7.0ab 
7.0ab 

14.4a 
14.0a 
12.8ab 
10.2b 

5.8a 
3.2ab 
3.0ab 
3.0ab 

26.0a 
26.0a 
24.2ab 
23.8ab 

10.6a 
7.0ab 
7.2ab 
6.8b 

20.1a 
19.2ab 
19.0ab 
19.0ab 

8.0a 
8.0a 
6.4ab 
6.8ab 

 Cu 
 AB. 
 AT. 
 IG. 
 MO. 

88.0a 
84.0ab 
80.0b 
78.0c 

56.0a 
52.0ab 
51.0ab 
50.0ab 

62.1a 
58.0b 
56.0b 
56.0b 

20.1a 
20.0a 
19.8ab 
16.2ab 

105.0a 
102.0a 
100.0ab 
98.0b 

40.1a 
38.0a 
32.0ab 
22.8b 

22.2a 
20.6ab 
20.0ab 
19.8b 

8.8a 
8.2ab 
8.1ab 
5.5c 

Pb 
AB. 
AT. 
IG. 
MO 

68.5a 
62.5ab 
50.4ab 
48.2c 

26.2a 
24.2a 
20.2ab 
19.8c 

11.2a 
12.8ab 
98.2ab 
86.6b 

48.1a 
42.8ab 
30.4b 
28.2c 

120.0a 
120.0a 
118.0ab 
112.1ab 

36.0a 
36.0a 
32.0ab 
31.0ab 

96.0a 
96.0a 
80.1ab 
80.0ab 

26.0a 
26.0a 
20.0ab 
19.0c 

Zn 
AB. 
AT. 
IG. 
MO. 

36.0a 
30.1a 
28.0ab 
27.0ab 

12.1a 
11.2ab 
10.1ab 
10.0ab 

26.0a 
25.2b 
24.0ab 
24.0ab 

10.0a 
10.0a 
9.8ab 
9.6ab 

96.0a 
82.0ab 
76.0b 
72.2c 

42.1a 
36.8ab 
32.1b 
26.2c 

26.0a 
22.0ab 
21.0ab 
20.2ab 

16.1a 
16.2a 
16.1a 
16.0a 

Values followed by different letters differ at p<0.05 (LSD test) 

 
The plant experienced yellowing of leaves at pre-
flowering stage whem 1g/kg EDTA was applied 
but a great increse in biomass levels was 
observed at other stages, this may be due to 
phytotoxity as heavy metals are immobilzed 
within the area covered by roots of plant by 
EDTA [41]. This observation was not noticed in 
the control experiments. The concentration of 

heavy metals in diferent tissues of plants in the 
four dumpsites did not vary significantly at 
p<0.05 (LSD test), showing that the plant 
characteristic did not have much change in each 
dumpsite. Also, there was a gradual reduction in 
the BF, TF and RR values in this order Moshood 
road< Igbehin street< Atikankan<Aba Egbira. 
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Table 3. BF, TF and RR values of heavy metals in Amarantus hybridus 
 

             BF            TF            RR 

EXP CON EXP CON EXP CON 

Cd AB 1.1 0.6 2.0 1.0 1.2 0.6 
 AT 1.2 0.8 2.0 1.1 1.3 0.7 
 IG 1.1 0.6 2.0 0.9 1.1 0.6 
 MO 1.1 0.5 2.1 0.5 1.1 0.6 

Cr AB 0.4 0.1 0.4 0.2 0.4 0.1 
 AT 0.8 0.2 0.6 0.5 0.7 0.2 
 IG 0.3 0.1 0.4 0.4 0.3 0.1 
 MO 0.2 0.1 0.5 0.4 0.2 0.1 

Cu AB 1.6 0.9 2.2 1.2 1.7 0.9 
 AT 1.5 0.8 2.1 1.3 1.6 0.6 
 IG 1.2 0.8 2.2 1.2 1.3 0.8 
 MO 1.1 0.7 2.2 0.9 1.2 0.7 

Pb AB 1.6 0.8 1.7 0.8 1.5 0.9 
 AT 1.5 0.9 1.5 0.7 1.4 0.9 
 IG 1.2 0.7 1.8 0.8 1.3 0.8 
 MO 1.0 0.6 1.8 0.9 1.1 0.8 

Zn AB 0.8 0.2 0.4 0.2 0.9 0.2 
 AT 0.7 0.1 0.3 0.2 0.7 0.1 
 IG 0.6 0.1 0.3 0.1 0.7 0.1 
 MO 0.6 0.1 0.3 0.1 0.7 0.1 

BF: Bioremediation Factor   TF: Traslocation Factor RR: Remediation Ratio, AB: Aba Egbira AT: Atikankan  IG: 
Igbehin Street  MO: Moshhood Road 

 

4. CONCLUSION 
 
EDTA had positive effects on metals 
bioavalability in soil and largely enhanced metal 
uptake and accumulation in A. hybridus. The 
concentrations of Cd, Cr, Cu, Pb and Zn in 
harvestable parts of plants were significantly 
increased after the treatments of EDTA 
compared with those in control. However, there 
was reduction in growth of plants on the 
application of 1.0g/kg EDTA, chracterised by 
yellowing of leaves at preflowering stage. 
Because the enhancement of heavy metals 
uptake in plants could offset the reduction of dry 
biomass, the total heavy metals concentration in 
plants increased with the addition of chelators, 
especially for Cd, Cu and Pb absorption in 
shoots. It is necessary to futher investigate the 
use of different doses of EDTA for enhanced 
phytoextraction. 
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