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ABSTRACT

Phytoextraction is one of the mechanisms of phytoremediation for removal of
heavy metals from contaminated soils. The objective of the present study was to
investigate the effect of metal chelants, ethelyne diamine tetraacetic acid (EDTA)
and salicylic acid (SA), on the accumulation of lead and nickel by Indian mustard
(Brassica juncea arawali) plants in contaminated soil. Plants were treated with Pb
and Ni, each at concentrations of 800 mg/l. EDTA and SA were amended at 0.1 M
and 1.0 mM respectively. Plants were harvested and oven-dried. Pb and Ni content
were estimated using ICP-OES (Varian Vista-MPX CCD Simultaneous ICP-OES).
The samples thus prepared were investigated for metals distribution and
morphology in different tissues (root, stem and leaf) using energy dispersive X-ray
analysis (EDAX) spectrometer attached to the scanning electron microscope
(SEM). Metal distribution study in different tissues (root, stem, leaf) was done by
SEM/EDS. The results showed that EDTA increased Pb and Ni uptake as
compared to SA.
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Introduction

Heavy metal pollution in the environment is a great concern in today’s world
which is a result of release by natural processes and a long history of anthropogenic
use of heavy metals. Sources of Pb contaminated soil are mainly mining and
smelting, automotive emissions, Pb-based paints and industrial activity (e.g. Haack
et al., 2003, Ettler et al., 2004, Monastra et al., 2004, Wong and Li, 2004). While
the largest sources of nickel in soil are the waste from metal manufacturing,
commercial waste, urban refuse, coal ash and sewage sludge. The negative impacts
of heavy metals on the environment and human health demand the need for
remediation of contaminated soil but its remediation is quite challenging as metals
are non-biodegradable. Some methods, such as immobilisation or extraction by
physicochemical techniques, have an adverse effect on soil structure and require
engineering costs (Pulford and Watson, 2003). Hence, scientists and
environmentalists have been put emphasis on phytoremediation as it is
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environmentally friendly and cost-effective as compared to conventional
remediation techniques (Salt et al., 1998; McGrath et al., 2002).

Phytoextraction, the use of metal-accumulating plants to remove toxic metals from
soil, is one of the mechanisms of phytoremediation which offers a great promise
for commercial development (Chaney et al., 1997).

Heavy metals are bound primarily to organic, oxide and residual fractions in soils
resulting thus into low mobility (Adriano, 2001). The low solubility and
bioavailability of some toxic metals (e.g., Pb) is the major limiting factor in
induced phytoextraction (Lasat, 2000). Synthetic chelating agents have the
potential to remobilise metals and to form strong soluble complexes (Nowack et
al., 2001; Sun et al., 2001). Increasing Metal—chelant complexes in the soil solution
promote the uptake by plants and the translocation of heavy metals from roots to
shoots and their accumulation in the harvestable parts of the plants (Blaylock et al.,
1997; Huang et al., 1997; Epstein et al., 1999; Gréman et al., 2001; Schmidt, 2003).
Ethylenediaminetetraacetic acid (EDTA) has been proved to be an effective
chelating agent that has potential for soil remediation applications (Ghestem and
Bermond, 1998; Hong et al., 1999; Piechalak et al., 2003; Komarek et al., 2007).
Salicylic acid (SA) is an endogenous plant growth regulator which is known to be
involved in plant responses to abiotic stresses such as ozone (Koch et al., 2000),
UV-B (Surplus et al., 1998), heat stress (Clark et al., 2004; Dat et al., 2000)
drought (Singh and Usha, 2003; Nemeth et al., 2002; Senaratna et al., 2000),
oxidative stress (Shim et al., 2003), salt and osmotic stress (El-Tayeb, 2005;
Khodary, 2004; Borsani et al., 2001). Interestingly, salicylic acid is present at
elevated concentrations in metal-hyperaccumulator plants in the genus Thlaspi,
where it is implicated in the high degree of cellular tolerance towards nickel
(Freeman et al., 2005).

One of the most promising, non hyperaccumulating plant species for extracting
heavy metals from contaminated soils is B. juncea of Brassicaceae family which
has been studied well (Kumar et al., 1995; Marchiol et al., 2004; Gisbert et al.,
2006).

The aim of the present study were to evaluate the effect of EDTA and SA on the
accumulation of Pb and Ni by Indian mustard (Brassica juncea arawali) plants in
contaminated soil and to determine the distribution of Pb and Ni in the different
tissues (leaf, stem, root) of the plant.

Materials and Methods

Experimental site

Under field conditions a pot experiment was conducted to study the comparative
effect of EDTA as well as SA on the heavy metal accumulation by mustard and
fenugreek plants.

Experiments were conducted at the Micromodel experimental site of the Indian
Institute of Technology, Delhi. It is situated at 77.09°E longitude and 20.45°N
latitude, and 28 m altitude above sea level. The mean maximum and minimum
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temperature during the study period were 18-43°C and 3-15°C, respectively. Some
physical and chemical soil characteristics are summarised in Table 1.

Parameter Unit Amount Table 1
Texture - Sandy loam Some soil
Clay % 16.30 characteristics.
Silt % 14.23

Sandy % 69.47

Electrical Conductivity mS/cm 0.28

pH - 75

Cation Exchange Capacity Cmol/kg 18.4

Organic Carbon % 0.72

Available N Kg/ha 272

Available P Kg/ha 9.0

Available K Kg/ha 200.7

Total Pb Mg/kg 0.02

Total Ni Mg/kg 4.0

Pot experiment

The seeds of Brassica juncea arawali were procured from the National seeds
Corporation Ltd., Beej Bhawan, Pusa, New Delhi.

About 20 seeds were sown in 11x11 cm pots containing unsterilized field soil, farm
yard manure (organic carbon 12.2 %, total N 0.55 %, total P 0.75 %, total K 2.30 %
and pH 7.2) and sand in a 2:2:1 ratio in October 2008. In chemical treatment, Pb,
Ni, EDTA and SA were added as per the designed treatment. The designed
treatment for mustard plants was as follows: (T1) Pb, (T2) Ni, (T3) Pb + Ni, (T4)
Pb + Ni + 2.4 mM EDTA, (T5) Pb+ Ni + 2.4 mM SA, and (T0) Control or
untreated plants. The concentrations of Pb (supplied as Pb(NO3),), and Ni (supplied
as Ni(NOs;),) were 800 mg/l in all treatments. Dipotassium salt of EDTA was
supplied in the treatment. Plants were watered daily using tap water to maintain
optimal growth conditions. Seed germination started after the seventh day of
sowing and plants were thinned to 3 plants per pot after 30 days of sowing.
Samples of plants were taken one day before and after chelant treatment and
monthly after the treatment. At the end of the experiment the plants were harvested
and then washed accurately, the aerial part was divided from the roots and the two
parts were analysed separately to determine the metal content. Scanning electron
microscopic (SEM) observations were also made to determine the localization and
translocation path of metals in plant tissues.

Soil and plant analysis

The organic C, N, P and K were estimated by the methods of Walkley and Black,
Micro-kjeldahl, Olsen and Flame photometer, respectively, in soil and farm yard
manure as described by Rowell (1994). Cation exchange capacity was carried out
using the BaCl, method. Metals concentration in soil was determined using the
aqua regia extraction method. Plant samples were washed with tap water and dried
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at 70°C for 48 hours. The dried material was digested with aqua regia. All
determinations were performed in triplicate. Metal concentrations in solutions were
analysed by ICP-OES (Varian Vista-MPX CCD Simultaneous ICP-OES, Varian
Australia Pty. Ltd) with a Ni detection limit of 0.007 mg/l and a Pb detection limit
of 0.01 mg/1.

Scanning Electron Microscopy (SEM) and Energy dispersive X-ray
spectroscopy (EDX)

Plants were separated into roots, stems, and leaves, frozen in liquid nitrogen, and
then fractured into small pieces with a blunt knife. The pieces were freeze-dried
overnight at —30 °C while under a vacuum using a freeze—dry system. Samples
were mounted on aluminium stubs with double-sided carbon tape. Tissue structures
and abnormalities of roots and leaves of plants were observed and evaluated using
a scanning electron microscope (JSM-840A) coupled with Energy dispersive X-ray
spectrometer. The EDX analyses were conducted at accelerating voltages of 20,000
eV and working distance of 1.5cm. Several randomly selected areas
(approximately 0.2 cm x 0.3 cm) on each sample were scanned using the
SEM/EDX for 20 frames (approximately 30 min).

Statistical analysis

The experiment was conducted as a factorial randomized block design with each
treatment replicated thrice. Statistical analysis of the data was done following
analysis of variance (ANOVA); when the ANOVA was significant the means were
separated using least significant difference at P<0.05 level of significance.

Results and discussion

Plant growth

Effect of treatments on seed germination and plant dry weight is shown in Table 2.
Application of SA with heavy metal (Pb*" and Ni*") treatment helped in reducing
the inhibitory effects of these metals on seed germination along with increased dry
weight.

Treatment  Seed germination (%) Dry weight (g) Table 2
TO 100+0.8 6.2+0.70 Effect of treatments on
T1 80+1.3 3.4240.28 seed germination and dry
V) 85+1.8 2.28+0.30 weight in Brassica juncea
T3 65+2.2 1.3+0.06 arawali.
T4 75+1.5 1.5+£0.42
T5 90+2.8 2.2+0.60

Values represent mean =+ standard deviation (n=3)

This finding is supported by Mishra et al. (1997). Seed germination (%) were
significantly (P<0.05) decreased by EDTA. Seed germination was observed 65% in
T3 (Pb + Ni) treatment. However, it was 75% in the presence of EDTA (T4) and
90% in the presence of SA (T5). A potential decrease in total plant dry weight was
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observed in plants treated with T4 (Pb + Ni + EDTA). EDTA decreased
significantly (P<0.05) dry weight, whereas SA stimulated dry weight compared to
T3 (Pb + Ni) treatment. It was 1.3 g and 2.2 g in the presence of EDTA and SA
respectively. The dry weight significantly (P<0.05) decreased in T3 and T4-treated
plants when compared to the control (T0) plants. No significant (P<0.05) negative
effect on plant growth was observed in the presence of SA.

Plant metal accumulation

Table 3 shows Pb and Ni concentrations in root and shoot part of mustard plants.
According to Pugh et al. [39] the normal and phytotoxic levels of Pb accumulation
in plants were 0.5-10 mg kg"' and 30-300 mg kg respectively. According to
Kataba-Pendias and Pendias [40] the plant toxicity limits of Ni were 10-100 mg kg’
'. Lead bioaccumulation in roots and shoots of plants was significantly different.
Pb and Ni concentration in root organs of the plants was higher than that in shoot
organs in all treatments. Pb concentration increased in both organs of the plant with
EDTA treatment, but it decreased with SA treatment.

Table 3. Accumulation of Pb and Ni in shoots and roots of “Brassica juncea arawali”

Treatment Shoot concentration Root concentration Translocation Factor
(mg kg DW) (mg kg DW) (TE)*
Pb Ni Pb Ni Pb Ni
TO 43+12 79411 96+16 123+41 0.44 0.64
Tl 280+201 65+15 502+182 119433 0.55 0.54
T2 36+9 91436 83+15 187+121 0.43 0.48
T3 370+176 217+134 525+246 303+202 0.70 0.71
T4 1010+425 52427 16395+989  2876+541 0.06 0.02
T5 5174228 69+28 3828+782 610+348 0.13 0.11

(TF)*= Shoot concentration/Root concentration
Values represent mean =+ standard deviation (n=3).

Applying EDTA increased Pb concentration in root and shoot organs significantly
(P <0.05) from 370 mg kg™ (T3) up to 1010 mg kg™ (T4) and 525 mg kg™ (T3) up
to 16,395 mg kg' (T4) respectively. For Ni, EDTA increased the root
concentration from 303 mg kg™ to 2876 mg kg™ (P<0.05) and decreased the shoot
concentration from 217 mg kg™ to 52 mg kg™ (P<0.05).

Scanning electron microscopic observations

Analysis of leaf, stem and root samples in SEM/EDX indicated some differences in
the treatments which is shown in Figure 1-4. This analysis revealed that in the
presence of EDTA, the deposition of Pb and Ni particles was predominantly in the
vascular tissues of the stem and leaf and in the stele region of the root. However,
SEM micrographs of T1, T2 and T3 treatment roots revealed accumulation of Pb
and Ni mainly in cell walls while stem and leaf of T1, T2 and T3 treatment showed
accumulation of Pb and Ni in the vascular tissues.
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Figure 1

Scanning electron micro-
graphs and EDX spectra of
Pb and Ni distribution in
leaf, stem and root of
“Brassica juncea arawali”
grown in the presence of
800 mg I Pb treatment.
(la) Pb treated leaf,

(1b) Pb treated stem,

(Ic) Pb treated root.

The EDX spectrums are
taken from the area
indicated by the square.

Figure 2

Scanning electron micro-
graphs and EDX spectra of
Pb and Ni distribution in
leaf, stem and root of
“Brassica juncea arawali”
grown in the presence of
800 mg I'' Ni treatment.
(2a) Ni treated leaf,

(2b) Ni treated stem,

(2¢c) Ni treated root.

The EDS spectrum is taken
from the area indicated by
the square.
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Figure 3

Scanning electron micro-
graphs and EDX spectra of
Pb and Ni distribution in
leaf, stem and root of
“Brassica juncea arawali”
grown in the presence of 800
mg I'' Pb + 800 mg I Ni
treatment.

(3a) Pb + Ni treated leaf,
(3b) Pb + Ni treated stem,
(3¢) Pb + Ni treated root.
The EDS spectrum is taken
from the area indicated by
the square.

Figure 4

Scanning electron micro-
graphs and EDX spectra of
Pb and Ni distribution in
leaf, stem and root of
“Brassica juncea arawali”
grown in the presence of 800
mg I'' Pb + 800 mg I Ni +
EDTA treatment.

(4a) Pb + Ni + EDTA
treated leaf,

(4b) Pb + Ni + EDTA
treated stem,

(4c) Pb + Ni + EDTA
treated root.

The EDS spectrum is taken
from the area indicated by
the square.
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Percentage element accumulation in leaf, stem and root part of mustard with
different treatment is shown in Table 4.

Order of metal accumulation in plant tissues was found as follows: leaf > stem >
root. This comparative study shows that percentage Ni accumulation was more in
T3 treatment while percentage Pb accumulation was higher in T4 treatment.

Table 4. Element accumulation (%) in plant tissues of “Brassica juncea arawali” treated
with different Pb and Ni treatments.

Treatment Itlant C (0] S K Ca Fe Ni Pb
tissues
Leaf 526 4293 019 169 081 099 = 0.02
427 424 +00  +1.72 4036  +1.66 +0.01
563 351 087 128 560 007 0.04
T S L1101 475 4068 117 622 <013 NP +0.05
Root 310 607 014 209 340 186 o 0.02
00 £29 421  +0.08 02  +327 +1.06 £0.01
422 315 037 16 193 059  0.12
Leaf 425 118 £06 409 431 +09 403 D
634 260 138 127 22 041 0.02
T2 S 0 +13 +3 +0.80 3 02 102 NP
Root 520 337 021 219 422 084 008

+14 +9.0 +0.4 +1.00  +4.00 +0.30  £0.20

59.1 37.0 0.29 0.60 1.84 0.17 0.02 0.05

Leaf 490 490  +020 +0.10 030 4030 +0.0  +0.0

3 Stem 343 402 008 743 146 28 198 002
+18.0 +140 4020 43.00 £150 +2.00 +5.00 +0.10

Root 454 465 02 324 178 168 004 002

£70 450  +02 43,00 020 +0.60 +0.0  +0.0

Leaf 418 329 05 284 150 125 031 0.06
11,0 +160 +0.6  +3.00 +17.0 +2.00 +030  +0.30

T4 Stem 295 595 003 236 083 323 0.8 001

£14.0 120 4020 +2.00 £020 +2.00 020 +0.0

Root 330 560  -0.03 385 075 245 014 004

+14.0 +11.0 +0.10 +4.00 +£0.40 £2.00 +0.20 0.0

Values represent mean + standard deviation (n=3).

Accumulation of Pb and Ni affected the presence of Ca and Fe as Ca was highest in
T2 treatment (Ni) and Fe was highest in T4 treatment. The presence of EDTA
caused decrease in Ni accumulation in stem from 1.98% to 0.18%. EDTA
increased Fe uptake from 4.67% (T3) to 6.93% (T4). Mari et al. [41] identified a
chelant (Ni-nicotianamine complex) in Thalspi caerulescens which helps in
translocation of Ni. A study by Wycisk et al. [42] showed free histidine as the most
effective translocator of Ni as compared to malic acid and citric acid.

Histidine and nicotianamine mediated transport help in enhanced Ni translocation
in the absence of EDTA. Whereas, translocation of Ni is limited in the presence of
EDTA as EDTA-bounded Ni was expected not to be able to complex with
histidine.
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Conclusion

The results indicate that the remediation of Pb by Brassica juncea arawali can be
enhanced by the addition of EDTA. In the presence of EDTA, plant growth was
significantly inhibited, while in the presence of SA, plant growth was good.
Scanning electron microscopy analysis revealed that in the presence of EDTA, the
deposition of Pb and Ni particles was predominantly in vascular tissues of the stem
and leaf. However, in roots, deposition of Pb was in the stele region. The results
showed that EDTA increased Pb and Ni uptake as compared to SA. Further
experiments are needed to determine the actual mechanisms involved in Pb and Ni
uptake.
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