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ABSTRACT

The hyperaccumulation capacity of water hyacinth (Eicchornia crassipes) using chelate assistance with ethylenediaminetetracetic acid
(EDTA) was studied. Results obtained with water hyacinth samples planted in salt solutions of Pb, Ni, Fe, Zn, Cu, Cr, Co and Cd spiked
with EDTA and digested using HCI and HNO; showed that Cu was the highest metal absorbed (12.8395 mg/l) while Ni was the least
(3.4420 mg/1) at all weights (3.0, 4.0, 5.0, and 6.0 g) of the salts for all the elements tested. Water hyacinth plants could only absorb 13%
Cu in the control experiment (without EDTA) containing salts of the above metals but could absorb as much as 99, 79, 62, and 60% at 3.0,
4.0, 5.0, and 6.0 g, respectively of Cu. For Ni, these values were 27, 24, 19, 12% at 3.0, 4.0, 5.0 and 6.0 g, respectively but 0% in the
control experiment. This result indicates that for Ni and Cu, as the weight of salt increased, the amount of metal absorbed decreased.
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INTRODUCTION

Hyperaccumulation is a phytoremediation process where a
plant accumulates a metal from metal substrates. Phyto-
remediation is also the process of using plants to remove
pollutants from soil or waste waters (Zang et al. 2002).
Phytoremediation includes phytoextraction, which is a
hyperaccumulation method that involves contaminant
uptake by roots with subsequent accumulation in the ground
portion of the plant followed by harvesting and further dis-
posal of the plant biomass (Ukiwe et al. 2008). To aid the
ability for metal phytoextraction hybrid plants have been
generated between hyperaccumulators. These hybrids ac-
cumulate high levels of metals that would normally have
been toxic to ordinary plants thus illustrating the essence of
biotechnology in enhancing the effectiveness of phytoreme-
diation (Mitch 2002).

It has been suggested that phytoextraction is en-
couraged when metal availability to plant roots is aided
through the addition of acidifying agents to soil solution or
wastewaters (Prasad and Freitas 2003).

Water hyacinth (Eichhornia crassipes) is a free-floating
aquatic weed that has the ability to remove metals from
wastewaters. Studies have shown that the weed is very ef-
fective at hyperaccumulating arsenic (As) from contami-
nated water (Misbahuddin and Fariduddin 2002). This
assertion was debunked by Zhu et al. (1999) who showed
that water hyacinth does not have very high As removal
capabilities and converts a large portion of the arsenate it
removes to the more toxic As form within the plant itself.
The ability of water hyacinth to absorb and translocate Cd,
Pb, Cu, Zn, and Ni was studied in the Erh-Cheng wetlands,
Taiwan. Results indicate that the plant highly bioconcen-
trated these trace elements thus showing that the weed is a
promising candidate for hyperphytoremediation of waste-
water polluted with these trace elements (Liao and Chang
2004). The metals can be solubilized by the addition of
chelating agents to allow uptake of the contaminant by the
plant. Metal solubilization and absorption by the plant is
liable to metals transportation in the root system. Com-
plexing agents such as ethylene diamine disuccinic acid

(EDDS) have been used to enhance metal (Pb, Cd, Ni, Zn,
Cu) solubility (Raskin and Ensley 2000) although Egli
(2001) reported that certain drawbacks exist in the phyto-
remediation process, including toxicity to the soil biology.
Other studies have revealed that chelating agents such as
nitrilotriacetic acid (NTA), citric and oxalic acids have been
applied successfully in metal solubilization (Polettini et al.
2008). Results obtained after analyses indicated that for
given experimental conditions (pH, temperature), the reme-
diation efficiency was strongly dependent on the specific
contaminant under study with contaminant speciation and
distribution in the solid matrix as well as affinity for the ex-
tracting agent playing a major role in the decontamination
process. Liu ef al. (2008) used pot and leaching column
experiment for optimization of chelator-assisted phytoex-
traction using EDTA, lead and Sedum alfredii as a model
system. Optimum phytoextraction occurred at added EDTA
concentration of 5 mM in single dose treatment for 10 days
in low Pb soil. A revealing study by Pigozzo ef al. (2006)
on the effects of agricultural recycling of sewage sludge
demonstrated that through the extraction of transition
metals using diethylenetriaminepentacetic acid (DTPA) in a
dystrophic latosol medium, Cd, Ni, Co, Pb and Cr were not
detected. The study concluded that due to low concentra-
tions of soil samples, the extractor medium had a restricted
capacity for evaluation of its phytoavailability. Baeza ef al.
(2007) also reported the degradation of EDTA in a total
chlorine-free cellulose pulp bleaching effluent by uv/H,0,
treatment. Their study noted that depending on the initial
hydrogen peroxide concentration and iron content, EDTA
degradation followed first order kinetics and UV treatment
without peroxide yielded effective degradation and removal
of Fe (111)-EDTA complex.

The associated problems of scarcity, small biomass,
slow growth rate, uncertain and specialized growing condi-
tions of some hyperaccumulators and lack of hyperaccumu-
lators for metals such as Cr, and the effectiveness of hyper-
accumulators for phytoextraction remains precarious more
so when their ability for metal uptake is limited (Pivetz
2001). Plant breeding, genetic development, genetic transfer
of accumulating ability to higher-biomass plants, fertiliza-
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tion options to increase hyperaccumulator biomass are pos-
sible options that are being tested (Pivetz 2001) to enhance
hyperaccumulating efficiency.

This research aimed to investigate the role of water hya-
cinth in hyperaccumulating metals from industrial sewage
using ethylenediaminetetracetic acid (EDTA) chelate-assis-
ted phytoextraction.

MATERIALS AND METHODS

The water hyacinth samples used in this study were obtained from
a fish pond in Imerienwe, Ngor Okpala LGA, while the sewage
sample was also obtained from the Aluminium Extrusion Industry,
Inyishi, Nigeria. The plant samples were treated and prepared as
described by Ukiwe et al. (2008). The sewage samples were col-
lected from a sewage discharged point in the industry with two
100-L plastic containers previously washed and rinsed with deio-
nised water and transported to the chemistry laboratory of the
Federal University of Technology, Owerri, Nigeria. Into eight 2-L
plastic containers, each previously washed and rinsed with deio-
nised water, were poured 1-L each of the sewage which had been
treated by filtration using a mesh sieve (1000 mm) to remove deb-
ris and further centrifuged (Micro Centrifuge Model 5415C) at
150 rpm. About 0.1 g each of EDTA was added to each of the
eight containers and stirred while 3 g each of the salts of lead
nitrate, nickel sulphate, iron sulphate, zinc sulphate, copper sul-
phate, chromium chloride, cobalt chloride, and cadmium nitrate
respectively were also weighed and added separately to each of the
eight containers and stirred. Eight separate water hyacinth plants
were then planted in each of the eight containers and these con-
tainers were placed under laboratory conditions for six weeks. The
samples were placed at room temperature (28°C), and light inten-
sity 390 lux, and at 75% relative humidity. At the end of this
period the plants were harvested and processed for heavy metal
content analysis by acid digestion using the method described by
Ukiwe and Ogukwe (2007). The concentration of the above metals
within each plant was determined using absorption optimum
working range, wavelengths and flame type as described by Ukiwe
and Ogukwe (2007) and Ukiwe ef al. (2008). Three treatments
were processed for each of the metals 3.0 g salts and these pro-
cedures were repeated for salts at 4.0, 5.0, and 6.0 g, respectively
while a control experiment of eight containers of plants with sew-
age sludge containing 6.0 g each of salts of the above heavy
metals without EDTA was set up and the same procedure as des-
cribed above to determine the concentration of heavy metals in the
plants. The results obtained are shown in Table 1.

Data analysis

Data are given as arithmetic mean, standard error of the mean and
standard deviation. The Analysis of Variance (ANOVA) was used
to measure differences between mean concentrations of absorbed
metals. The standard error of the difference between mean con-
centration of metal absorbed and control experiment and the gene-
ralized #-test were used to estimate the significance of values ob-
tained.

RESULTS AND DISCUSSION

Chelates are used to encourage the phytoextraction of
metals. EDTA-assisted phytoremediation has been deve-
loped to clean up lead (Pb)-contaminated soil (Xu et al.
2007). A study on EDTA-assisted phytoremediation of
heavy metals in biosolids to compare the effect of EDTA on
uptake of heavy metals by hybrid poplar such as the Eastern
cottonwood (Populus deltoides) in composted biosolids and
in soil that had received injected biosolids showed that
EDTA had little impact on phytoremediation of heavy
metals in the composted biosolids, although the study
showed that Ni was higher in the composted biosolids than
in soil with injected biosolids (Liphadzi and Kirkham 2006a,
2006b). Chelating agents are added to soil to solubilize
metals for enhanced phytoextraction. A recent study of the
mobility of heavy metals in biosolids in a column of soil
that had a plant and another column without plants after
these columns have been irrigated with EDTA and drainage
water. Results obtained from these columns analyzed for Cd,
Cu, Fe, Zn, and Pb showed that EDTA mobilize all heavy
metals and increase their concentration in drainage water
(Kirkham and Liphadzi 2005; Liphadzi and Kirkham 2006c,
2009). Chelate-assisted phytoremediation has become an
attractive soil remediation solution. However, metal absorp-
tion by plants is linked to metal solubility and transportation
into the root system as such. Complexing agents such as
EDDS and EDTA have received more attention although
EDDS is preferred over EDTA due to its greater rate of
degradation and strong chelating characteristics (Coscione
et al. 2009). The result of an investigation to study the
effects of adding different rates of various organic com-
plexing agents (OCA) including EDTA, diethylenetriamine
penta acetic acid (DTPA), citric acid (CA), and humic acid
(HA) on heavy metal availability in contaminated soils re-
vealed that the capacity of OCA to release B, Cd, Mo, and
Pb in soil planted with corn is in the order HA > CA >
EDTA > DTPA (Turan and Angin 2004). Manipulating
heavy metal availability with chelating agents is a way to
accelerate natural phytoremediation of contaminated soils
(Diaz and Kirkham 2008). Nevertheless, increasing metal
availability also increases the risk of metal movement
through the soil profile, and consequently the contamination
of ground water. Interaction experiments have shown that
EDTA and nitrilotriacetic acid (NTA) were more efficient
than malate and citrate acids in solubilizing metals (Fe, Mn,
Cu, Zn, and Cd). However, NTA treatment promoted an
increase in toxic elements concentration, especially As, Cd,
and Pb (Penalosa ef al. 2007). Metals in the aqueous phase
of the substance are made readily bio-available for absorp-
tion by plant roots. Use of soil amendments such as syn-
thetics (ammonium thiocyanate) and natural zeolites have
yielded promising results (Prasad and Freitas 2003). EDTA,
NTA, citrate, oxalate, malate, succinate, tartrate, phthalate,
salicylate, acetate, etc. have been used as chelators for rapid
mobility and uptake of metals from contaminated soils and
wastewaters (Blaylock et al. 1997). Though controversial,
adding chelating substance to soil or aqueous phase sub-
stances appears to be the most efficient approach to liberate

Table 1 Concentration [mean (mg/l)] of heavy metals in water hyacinth samples.

Weights of 30¢g 40¢g 50¢g 60¢g Control experiment
heavy metals
Heavy metals Mean (mg/l)+ SEM x Mean (mg/l)= SEM x Mean (mg/l)= SEM x Mean (mg/)+ SEM x Mean (mg/l)+ SEM x
SD x 107 107 SD x 107 107 SD x 107 107 SD x 107 107  spx10? 107
Pb 2.9078 £9.8 5.6 2.0980 + 0.2 1.1 2.9544+£0.2 1.1 2.0950 £ 0.2 1.1 0.5372+4.9 2.8
Ni 0.8146 £ 0.2 1.1 0.9420+0.2 1.1 0.9672 £ 0.2 1.1 0.7182 £3.1 1.2 0.0000 + 0.0 0.0
Fe 1.7182+£0.2 1.1 2.5833+£0.2 1.1 2.9682 +0.2 1.1 2.4962 +0.2 1.1 0.2205+ 1.8 1.0
Zn 2.8248 £0.3 1.7 2.5881+9.9 5.7 2.0197+0.2 1.1 4.7682 +0.2 1.1 0.0197 £ 0.0 0.0
Cu 2.9733+£0.2 1.1 3.1890+3.9 22 3.1086 £2.9 1.6 3.5686 £9.9 5.7 0.8248 £2.9 1.6
Cr 2.9622 +£0.2 1.1 2.8146 + 0.0 0.0 3.7124+£0.2 0.1 3.6286+0.2 1.1 0.2499 + 1.8 1.0
Co 2.0843 £0.2 1.1 2.8812 +0.0 0.0 2.5793 £ 0.4 0.2 2.9510+0.0 0.0 0.3852+ 1.8 1.0
Cd 2.0345+0.3 1.7 2.9148 £0.1 0.0 2.5910 £ 0.0 0.0 3.3037£9.9 5.7 0.0583 + 0.0 0.0

SEM: Standard Error of the Mean
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labile metal contaminants in the solution. The principle of
chelating is such that free metal ions in the solution are
complexed allowing further dissolution of the absorbed or
precipitated phases until an equilibrium is reached between
the complexed metal, free metal, and insoluble metal frac-
tions (Prasad and Freitas 2003; Manoucheri and Bermond
2009). Chelate-assisted (induced) hyperaccumulation is a
situation where metals on site are initially immobilized to
allow for rapid establishment and growth of plants. When
sufficient biomass of the plants has been obtained, chelating
materials are applied to the aqueous substrate resulting in
the liberation of large quantities of the metal into the solu-
tion. Large amounts of metal are absorbed by plant roots
and are translocated to the shoot tissue where they accumu-
late to toxic levels. Plants are harvested after death and
removed from site. This process is in contrast to the normal
phenomenon of phytoextraction where plants are given a
gradual exposure to non-toxic quantities of metals in solu-
tion and accumulation occurs gradually over time as the
plants grow. Though novel, chelate-assisted hyperaccumu-
lation has its drawbacks. After metal absorption occurs,
residual chelate in the soil becomes a lingering problem.
Since large amount of chelate-bound metals are liberated
into the soil or aqueous solution they are thus leached into
deeper soil layers and pose serious problems when attemp-
ted to be recovered through phytoremediation and may
require the use of more expensive conventional remediation
procedure as the liberated metals have the ability to migrate
into uncontaminated areas, possibly groundwater reservoirs
(Cunningham et al. 1997).

EDTA chelating is widely accepted as an effective treat-
ment for metal toxicity. It attaches itself to heavy metals
and carries the metals from the soil or sewage to the root
structures. As already indicated, chelating agents are used to
solubilize heavy metals prior to uptake by the root system.
Water hyacinth together with EDTA is being used to aid
purification of wastewaters and sewage systems. The plant
has the property to accumulate heavy metals in the root tis-
sues. Harvesting the plant then removes these nutrients
from the system. Table 1 shows values obtained on the
hyperaccumulating ability of water hyacinth. It is observed
from Table 1 that the degree of hyperaccumulation de-
creased as the weight of salts increased notably with Ni and
Cu. Cu was the most absorbed metal totaling 12.8395 mg/1
overall for all salts weights followed by Zn with 12.2008
mg/l. Ni was the least absorbed metal totaling 3.4420 mg/1
overall at all weights. Going through the values in the con-
trol experiment the amount of Cu absorbed was 13% as op-
posed to 99, 79, 62, and 60% Cu absorbed at 3.0, 4.0, 5.0
and 6.0 g, respectively. Zero percent of Ni was absorbed in
the control experiment but 27, 24, 19, and 12% Ni was
absorbed at 3.0, 4.0, 5.0 and 6.0 g, respectively. During the
6-week planting period, the survival period of plants in
higher salts weights was shorter than those of lower salts;
this could explain why plants in the higher salts weights
absorbed fewer metals than their lower weight counterparts.

The standard error of the mean of the control experi-
ment and heavy metal at 3.0 g, which is used as a standard
to evaluate possible significances in other heavy metal
weights, was 0.2926. The generalized #-test (r = 54) was
used to test the significance difference between the means
of sets observation between 3.0 g salt weights and the con-
trol experiment. This value at df = 14 show significance at
the 1% confidence level.

A field survey of plants growing in metal-contaminated
sites in Egypt examined their usefulness in phytoremedia-
tion and revealed that maximum Cr (64 mg/kg) and Ni (25
mg/kg) contents were observed in Diplachne fusca, while
the highest Cu concentration (174 mg/kg) was observed in
Urtica urens (Abou-Shanad et al. 2007). Single extraction
with diethylene triamine pentacetic acid (DTPA) was used
by Kao ef al. (2007) to evaluate the phytotoxicity of metals
with Brassica chinensis. Analytical results indicated that the
heavy metals contents with DTPA extraction were much
higher than those without DTPA extraction. Nicotiana taba-
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cum, a fast growing, high biomass plant has a high toler-
ance for various organic and inorganic pollutants. The plant
can accumulate heavy metals in relatively high levels espe-
cially Cd, in comparison to other plant species such as
water hyacinth (Evangelou et al. 2007). N. tabacum is also
not susceptible to various organic pollutants, such as poly-
chlorinated biphenyls (PCB) and trinitrotoluene (TNT).
Hyperaccumulation requires different plant characteris-
tics for optimum effectiveness. These characteristics include
the ability to remove high concentrations of metals, the abi-
lity to tolerate, translocate and accumulate high concentra-
tions of heavy metals in the shoots and leaves, rapid growth
rate and high biomass production without producing toxic
degradation products. Water hyacinth has been used effec-
tively in wastewater treatment (Salt er al. 1995). Its exten-
sive root system and ease to grow in water without much
effort and ability of the weed to sustain itself under varying
climatic conditions, makes water hyacinth the plant of
choice for maximum uptake of metals. Hence, small com-
munities or industries with very little resources can develop
their own wastewater treatment systems using the weed.
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