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Abstract

The pot experiment was conducted to find out the Lead (Pb) remediation potential of Amaranth in contaminated soil
with EDTA. The soil samples were tested to different levels of Pb contamination namely control, 300 ppm,300
ppm+EDTA,600 ppm,600 ppm + EDTA, 1200 ppm, 1200ppm+EDTA, 1800ppm, 1800ppm+EDTA per pot respectively with
EDTA as a dose of 3.0 mmole EDTA/kg soil. The application of EDTA gives a significant effect on the solubility of Pb in soil
and Pb absorption by Amaranth. The result revealed that Pb has been accumulated higher amount in root, shoot and
leaves of test crop Amaranth. The TF>1.0 value indicates the hyperaccumulation tendency of Amaranth therefore; it may

be a promising plant species for phytoremediation.
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The pollution caused by heavy metals has been reported
as critical environmental problem and has profound effects on
health of human beings [2]. Soil contamination by heavy metals
(HMs) has become a serious threat to the human population,
agriculture and food security. Anthropogenic activities are
significant sources of metals and metalloids in the environment,
for instance through rapid industrialization and urbanization,
mining and agricultural practices such as the uncontrolled
application of fertilizers and pesticides [31]. There has been an
increasing concern with regard to the accumulation of heavy
metals in the environment as they pose a threat to both human
health and the natural environment [1]. This is due to the fact
that unlike many substances, metals are not biodegradable and
hence accumulate in the environment [11].

Synthetic chelators, such as EDTA, DTPA and EGTA,
form soluble complexes with metals in the soil and can increase
the uptake and translocation of heavy metals through the
aboveground tissues [5]. Organic and inorganic amendments
are used for immobilization of metals in the soils with varying
benefits but organic amendments could be better option due to
improvement of physical, chemical, biological properties and
fertility status of the soil [24]. Organic amendments improve
both the physic-chemical status and biological activity of
contaminated soil. Repeated applications increase water
retention capacity, reduce soil erosion, and affect metal
speciation and plant bioavailability [6], [28]. Different organic
amendments like manures, composts, biosolid and municipal
solid wastes, pressmud, and activated carbon are used for
immobilization of metals in the contaminated soils [24], [26].

EDTA is one of the successful and admired chemical
regent because it is a powerful, recoverable and comparatively
biostable chelator which has ability to remediate soil [13]. The

process of EDTA addition is considered as an important aspect
controlling the leaching of metals [29]. Romkens et al. studied
that EDTA having more definite affinity for Cd, increased
solubility of metal, but it did not enhance plant metal uptake
accordingly and biomass production of shoot and root was
depressed. EDTA may also be toxic itself diminishing plant
biomass sufficient to curtail its metal mobilizing and
transmitting benefits [10], [25].

Phytoremediation of soils contaminated with heavy
metals is an emerging technique that intends to extract or
immobilize heavy metals and it has great value because it has
the advantage of being relatively cheap and an environmentally
friendly technology [21-22]. Remediation methods for heavy
metal contaminated areas are based on physical (soil
replacement, isolation and vitrification), chemical (soil washing
and immobilisation of metals) and biological (phytoextraction,
phyto stabilisation and phyto evaporation) approaches [15].
Non-biological methods are effective, but they are also
expensive and often damage surrounding areas. In contrast to
non-biological approaches, biological remediation options,
employing plants to clean contaminated soils, appear to be
environmentally friendly, low-cost and meet sustainability
criteria [9], [19].

Keeping in view the above-mentioned facts, the present
investigation was carried out in order to study the effect of
different levels of EDTA on growth response of Amaranth,
concentration of Lead (Pb) in Amaranth and remedial potential
of Amaranth.

MATERIALS AND METHODS

Experimental site
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A pot experiment was carried out in order to find out the
phytoremediation potential of Amaranthus hybridus for lead
contaminated soil. The Sheila Dhar Institute Experimental Site
is located at Prayagraj in Northern India at 25° 57N latitude,
81°50 E longitude and at 120+0.4m altitude. The mean annual
temperature range between 22°C and 9°C respectively. Soil
properties were determined before treating the soil with lead
and with or without EDTA. The lead level in the
uncontaminated soil sample was found to be 8.1 to 8.5 mg kg™.
Textural triangle was used to determine the class name of the
soil. The experimental soil was sandy loam soil. The physico-
chemical properties of the soil are shown in (Table 1).

Table 1 Physico-chemical properties of experimental soil

Parameters Units Value
Texture Sandy loam
Clay (%) 15.25
Silt (%) 13.22
Sand (%) 71.53
pH 78+0.2
EC (dS/m) at 25°C 0.28 £ 0.03
Organic carbon (%) 0.56 £0.15
CEC [Cmol(p+) / kg soil] 19.6 + 0.6
Total nitrogen (%) 0.07 £0.02
Total phosphorus (%) 0.03+£0.01
Total lead mg kg* 8.25+0.10

+ Values indicate Standard Deviation having three replications,
EC=Electrical Conductivity, CEC =Cation Exchange Capacity, EDTA=
Ethylinediamine tetra acetic acid

Soil collection

Top soils (0-15 cm) were collected from Sheila Dhar
Institute of Soil Science, Prayagraj, Uttar Pradesh, India. The
soils were thoroughly mixed by a mechanical mixer and passed
through 4 mm sieve to remove fibre and non-soil particulate in
the sample. The chemical and physical properties of the soils
were determined prior to planting.

Experimental plants procurement

The healthy and viable seeds of A. hybridus were
purchased from local market Chungi (Alopibagh) of Prayagraj.
The uniform seeds were collected and used for the pot
experiment. The plants height was measured from the soil level
to the terminal bud using a meter rule at 7 days interval. Number
of leaves was also counted weekly as the plant grew.

Pot experiment

For pot experiment 4 mm sieve used and 2 mm sieve is
used for analysis of physico-chemical properties. Some
physico- chemical properties are depicted in (Table 1). Firstly,
the seeds of Amaranth were germinated on the Whatman No.
42 filter paper in petri dishes, after that the seeds were
transferred into earthen pot with untreated soil (control) and
treated soil to which lead metal as lead carbonate (PbCO3) was
applied with different concentration. Each pot contained 3-5 kg
soil. There were 10-20 seeds grown in each pot with three
replicates. After 45 days, the plants were grown without Pb
metal solution. This would be higher accumulation of metals in
plants.

Soil physico-chemical analysis

Soil pH was measured with 1:2.5 soil water ratio using
Elico digital pH meter (Model L1127, Elico Ltd., Hyderabad,
India) at authors’ laboratory. Double distilled water was used
for the preparation of all solutions. Organic carbon was
determined by chromic acid digestion method, cation exchange

capacity (CEC) by neutral 1 N ammonium acetate solution, total
nitrogen by digestion mixture (containing sulphuric acid,
selenium dioxide and salicylic acid) using micro-Kjeldahl
method, Glass Agencies, Ambala, India. Total phosphorus by
hot plate digestion with HNO3 (16M, 71%) and extraction by
standard ammonium molybdate solution [8], [17], [20].

Determination of total lead in soil

1.0g of soil sample (passed through 0.5mm sieve) was
weighed into crucibles in duplicate. 10ml of conc. H>SO, 10ml
of conc. HCIO4 and 5ml of conc. HNO; were added. The
mixture was swirled gently and heated at low to medium heat
on a hot plate. The heating was continued until the solution
dried off and the crucible was allowed to cool. 50ml of distilled-
deionized water was added to rinse the crucible gradually and
then filtered. The filtrate was then analyzed for lead using AAS.

Plant sample analysis

The crop was harvested separately after 45 days
according to soil treatment. The 3 replicates of each treatment
were pooled together to give composite sample of each
treatment. The plants were then washed carefully in water to
eliminate dust, dirt, and they were again washed with deionized
water [32]. The leaves, stems and roots of each composite
sample were then separated as sub-samples. Each sub-sample
was oven-dried at 90°C for 24 hours and ground to a fine
powder. One gram of ground plant material was digested with
15 ml of tri-acid mixture containing conc. HNO3 (16M, 71%),
H2S04(18M, 96%) and HCIO4 (11M, 71%) in 5:1:2), heated on
hot plate at low heat (60 °C) for 30 minutes [17]. The beakers
containing the samples were covered with watch glasses and
left overnight. The digestion was carried out at a temperature of
about 90 °C until about 4ml was left in the beaker. Then, a
further 10ml of the mixture of acids was added. This mixture
was allowed to evaporate to a volume of about 4ml. After
cooling, of solution was filtered to remove small quantities of
waxy solids and made up to a final volume (50ml) with distilled
water. Lead concentrations were determined using Atomic
Absorption Spectrophotometer.

Calculation

Determination of the bio-concentration factor (BCF)

The bio-concentration factor (BCF) of metals was used
to determine the quantity of heavy metals that is absorbed by
the plant from the soil. This is an index of the ability of the plant
to accumulate a particular metal with respect to its
concentration in the soil and is calculated using the formula:

Metal concentration in plant tissues (whole
plant/portal)
Initial concentration of metal in substrate (soil)

BCF =

Determination of the movement of metals from roots to plants

To evaluate the potential of plants for phytoextraction,
the translocation factor (TF) was used. This ratio is an
indication of the ability of the plant to translocate metals from
the roots to the aerial parts of the plant. It is represented by the
ratio:

Metal concentration (Stem + leaves)
Metal concentration (roots)

TF =

Metals that are accumulated by plants and largely stored
in the roots of plants are indicated by TF values < 1 with values
> 1 indicating that the metals are stored in the stems and leaves.
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Percentage removal (%) was calculated from the total
concentration (TC) of elements initially present in the soil [23].

Data analysis

Statistical analysis was carried out by one-way ANOVA
using general linear model and t-Test to evaluate significant
differences between means of plant biomass, absorbed heavy
metal concentrations in harvested plants at 95% level of
confidence [27]. Further statistical validity of the differences
among treatment means was estimated using the least
significance difference (LSD) method. The diagrams were
plotted using the Graph Pad Prism 9.

RESULTS AND DISCUSSION

Dry mater yield

The number of leaves in the control plants was greater
than those planted on contaminated soils. The dry matter yield
of leaves, stems and roots was highest for control and lowest in

the treated plants. For the leaves and stems, the lowest dry
matter was found in 1800ppm + EDTA treated plants, while it
was found lowest in the 1800ppm + EDTA treatment for the
roots. The observations were found that the dry natter yields per
pot are related to the concentration of lead in shoots of
Amaranth. Dry matter yields decreased with increased lead
concentration in shoots of Amaranth which is shown in (Table
2).

Lead concentration

The levels of lead in leaves and stems increased as the
level of lead in the roots of Amaranthus. The sufficient amount
of lead was detected in the plant roots. The sufficient amount of
lead was detected in the plant roots correspond to soluble lead
in soil. So, the treatments with EDTA application were found
higher amount of lead in their tissues than Pb-contaminated soil
without EDTA. Also, the latter had high concentrations of lead
in roots when compared with those grown on the soils amended
with EDTA.

Table 2 Dry matter yield of Amaranthus hybridus in lead contaminated soils with and without EDTA application

Dry matter yields (g/pot)

Treatment Leaves Stem Root Total
Control 6.42 £ 0.39 3.18 £0.55 1.38+0.17 10.98
300ppm 5.13+0.50 3.00+£0.57 1.11£0.02 9.24
300ppm + EDTA 4.63+£0.33 2.86 = 0.64 1.00£0.28 8.49
600ppm 4.75 + 0.36 247 +£0.44 0.98 +0.28 8.20
600ppm + EDTA 3.97 £ 0.36 2.40 £ 0.46 0.73+£0.04 7.10
1200ppm 3.32+£0.46 223051 0.71 £ 0.06 6.33
1200ppm + EDTA 2.62 £ 0.40 2.12 £ 0.53 0.70 £ 0.20 5.44
1800ppm 2.36 £ 0.47 2.00 £ 0.57 0.66 £ 0.19 5.02
1800ppm + EDTA 1.00 £ 0.28 1.96 £ 0.03 0.63 +£0.04 3.59
Values are average of three replicates + S.D (n=3)
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Fig 1 Dry biomass of leaves, root and shoot in Amaranthus
hybridus under different treatments of Pb and EDTA. Error bar
represent the standard deviation of three measurements

TF and BCF

The application of EDTA resulted in a significant
increase in Pb uptake in both the shoots and roots. The most
important parameter for phytoremediation is a high uptake of
heavy metals into the harvestable biomass of plant. The
concentration of lead in soil significantly enhanced the shoot to
root ratio of Amaranthus hybridus. The percentage of absorbed
lead translocated from roots to shoots increased from 52.07%
in the control sample to 81.80% in 1800ppm + EDTA amended
soils. The distribution of lead in leaves, stems and roots of
Amaranthus hybridus was affected by EDTA application as
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Fig 2 Accumulation of Pb in the leaves, root and shoot of
Amaranthus hybridus under different treatments of Pb and EDTA.
Error bar represents the standard deviation of three measurements

there were found increased levels in plants, grown on EDTA
amended soils.

The identification of metal hyper-accumulator plants are
capable of accumulating high metal levels demonstrate that
plant have genetic potential to clean up contaminated soils [18].
Hence bio-concentration factor (BCF) may better characterize
hyper-accumulators than concentration ratio (CR) [30]. From
this study, the BCF that is based on water soluble lead reflect
plant accumulation of lead accurately in the soil rather than on
total soil lead, as only a small quantity of total lead in the soil is
readily taken up by plant root as reported by Tu et al. [30].
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Lowest BCF value is found in control whereas the maximum
value found in treatment of 300ppm + EDTA (0.67).

- TF
& BCF

TF and BCF

Treatments

Fig 3 TF and BCF of Pb in Amaranthus hybridus under different
treatments of Pb and EDTA

There are three categories of plant based on their TF
namely accumulator (TF>1), excluder (TF<1), and indicator
(TF near 1) [4], [12]. Generally, the TF in all confirmed hyper
accumulators are >1 where as it is usually <l in non —
accumulators. More ever, the higher the TF value is, the
stronger the phyto-extraction ability. In this study the
translocation factor was found >1 for A. hybridus. The values

of TF in A. hybridus were found from 1.09 to 4.49. The
treatments with EDTA had higher TF value than Pb-
contaminated soil without EDTA.

CONCLUSION

From this study, Amaranth was found the best plant
species to carry out phyto-remediation of Pb in contaminated
soil due to its hyper-accumulator characteristics. According to
the Translocation Factor (TF) the Amaranth plant can be
classified as a hyper-accumulator plant to the Pb because the TF
value of Amaranth plant in this study found more than 1 (>1).
Hence, it is a hyper- accumulator and promising plant for
phytoremediation. In case of Pb, availability of suitable soil
amendments can be explored that may improve its uptake from
soils. The application of EDTA enhanced the remediation
efficiency in Pb contaminated soils. However, EDTA may have
environmental consequences. Amaranth showed Pb removal
potential, as quick and short duration vegetable crops. This
provides the opportunity to grow Amaranth many times on a
piece of land to clean-up Pb from contaminated soil. However,
to take the plant for phyto-remediation works, further studies on
lead absorption, concentration and nutrient qualities in the
leaves and stems should be carried out in details and monitored
regularly.
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