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PHYTOREMEDIATION OF POLLUTED SOILS: RECENT PROGRESS AND DEVELOPMENTS
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Abstract

Purpose The present study was carried out in Roro region,
Chaibasa, Jharkhand, India, to assess the impact of chro-
mite—asbestos mine waste (CMW) on a nearby
agroecosystem. The role of metal-accumulating grass—legume
association in facilitating phytoremediation was investigated.
Materials and methods Soil and plant samples were collected
from (i) chromite—asbestos mine waste (CMW) with Cynodon
dactylon, Sorghastrum nutans, and Acacia concinna; (ii) con-
taminated agricultural soil-1 (CAS1) from a foothill with
Cajanus cajan; (iii) contaminated agricultural soil-2 (CAS2)
distantly located from the hill, cultivated with Oryza sativa
and Zea mays; and (iv) unpolluted control soil (CS). Total
metal concentrations were quantified in both soils and plants
by digesting the samples using HNOs, HF, HCIO, (5:1:1; v/v/
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v), and HNO; and HCIO,4 (5:1; v/v), respectively, and ana-
lyzed under flame atomic absorption spectrophotometry.
Metal grouping and site grouping cluster analysis was execut-
ed to group the metals and sampling sites. Translocation factor
(TF) and bioconcentration factor (BCF) were calculated to
determine the phytoremediation efficiency of grasses and
legumes.

Results and discussion Results indicate that total metal con-
centrations in the CMW were in the order of Cr>Ni>Mn>
Cu>Pb>Co>Zn>Cd. High concentrations of Cr
(1983 mg kg ') and Ni (1293 mg kg ') with a very strong
contamination factor were found in the CAS, which exceeds
the soil threshold limits. Further, metal and site grouping clus-
ter analysis also revealed that Cr and Ni were closely linked
with each other and the CMW was the main source of con-
tamination. Among all the metals, Cr and Ni were mainly
accumulated in grasses (C. dactylon and S. nutans) and le-
gumes (A. concinna and C. cajan) as compared to cereals
(Z. mays and O. sativa). The TF of Cr was >1 for grasses.
Except for Zn, the BCF for all the metals were <1 in roots and
shoots of all the plants and cereals.

Conclusions The present study revealed that abandoned
CMW is the source of contamination for agriculture lands.
Phytoremediation relies on suitable plants with metal-
scavenging properties. Grass—legume cover (C. dactylon,
S. nutans, A. concinna, and C. cajan) has the ability to
accumulate metals and act as a potential barrier for metal
transport, which facilitate the phytoremediation of the
CMW. Possibilities for enhancing the barrier function of
the grass—legume cover need to be explored with other
low-cost agronomic amendments and the role of
rhizospheric organisms.

Keywords Agricultural soil - Bioconcentration factor -
Cluster analysis - Contamination factor - Translocation factor
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1 Introduction

Metal contamination from active and abandoned mine sites is
one of the major environmental concerns throughout the
world (Wahsha et al. 2012; Goumih et al. 2013). Improper
mine waste disposal causes dispersal of contaminants into
air, water, and soil, resulting in heavy metal pollution
(Fernandez-Caliani et al. 2009; Barbafieri et al. 2011;
Mileusnic et al. 2014). Mine wastes are often prone to water
and wind erosion, resulting in the spreading of these toxic
wastes into nearby agricultural fields and water bodies (Bech
et al. 2012). Because of the scarcity of agricultural lands,
small-scale farmers have no option but to cultivate crops on
such sites. Many studies have reported a heavy metal contam-
ination problem in the vicinity of chromite and asbestos mines
(Singh et al. 2007; Krishna et al. 2013). The abandoned chro-
mite—asbestos mine of Roro region, Chaibasa, India,
surrounded by agricultural fields is of considerable interest
to understand the fate of heavy metals.

Metal-accumulating crops viz. Helianthus annus and
Brassica species are of food value and important for risk-
based phytoremediation, being high in productivity. Biomass
from such crops is to be used for industrial feed stock and
energy production rather than for food (Prasad 2015).
Experiments using metal-hyperaccumulating plant suggest
their capability for polishing soils with low levels of toxic
metals like Pb and Cd. In one such case, multiple crop rotation
of Solanum nigram (hyperaccumulator) on Cd-contaminated
soil resulted in exclusion of Cd in Chinese cabbage (Niu et al.
2015). Further, naturally growing grasses and legumes are
known for phytoremediation of metalliferous soils (Maiti
and Maiti 2015). Kumar and Maiti (2014) investigated the
translocation and bioaccumulation of Cr, Ni, Pb, and Cd in
Oryza sativa (rice) and Zea mays (maize) growing in CAS. In
the present study, the phytoremediation facilitating role of the
metal-accumulating grass—legume association was
investigated.

The aims of the present study are to (i) assess total metal
concentrations in the abandoned chromite—asbestos mine
waste (CMW), closely and far away located contaminated
agricultural soils (CASs), and reference agriculture soil (con-
trol soil, CS); (ii) assess metal accumulation in naturally grow-
ing grasses, legumes, and cereals; and (iii) analyze soil pollu-
tion index and plant factors.

2 Materials and methods
2.1 Study site description
The abandoned CMW is located at Roro hills (N 22° 29', E

85°39"), which is about 22 km away from Chaibasa district of
Jharkhand, India (Fig. 1a). The chromite ore deposits of this

region are spread in three blocks named successively from
north to south as Kimsiburu, Kittaburu, and Roroburu-
Chitungburu. High-grade chromite ore deposit (30 cm thick)
running to an extent of 1.6 km was found in the Roro region.

The Roro mine has undergone extensive open cast and
underground mining operations for extraction of magnetite,
chromite, and asbestos, was ceased down in 1983, and left
approximately 0.7 million tons of toxic mine waste and host
rocks. The entire area of the CMW was spread along the
slopes of the hill (100400 m) extending to the nearby agri-
culture fields (5001000 m). The waste is very fine, loose,
and homogeneous, lacking essential nutrients. Wind and water
erosion of the hill slopes transport a large volume of toxic
mine waste, resulting in a deposit of 40 cm of thick chro-
mite—asbestos waste in the agricultural fields.

The climate is dry tropical, characterized by high annual
precipitation of approximately 1422 mm (July—October),
summer (April-June) and winter (November—March). The
CMW is sparsely populated with Cynodon dactylon
(Bermuda grass), Sorghastrum nutans (Indian grass), and A.
concinna (Shikakai) in an area of about 100x400 m.
However, the most dominant plant species was C. dactylon.
The surrounding agricultural fields are mainly cultivated with
Cajanus cajan (pigeon pea) in an area of about 20 x40 m, and
O. sativa (rice), and Z. mays (maize) in 1000x500 m.

2.2 Field sampling

To assess the effect of metal pollution, samples were col-
lected in the direction of wind and downward flow of trib-
utaries from the hill. The schematic diagram showing the
sampling areas is shown in Fig. 1b. The tributaries from
the hill causing gully erosion and the wind are continuously
polluting the nearby areas. Soil and plant samples were
collected from four sampling locations designated as (i)
CMW (n=9) each with three replicates of C. dactylon
(n=3), S. nutans (n=3), and A. concinna (n=3); (il) con-
taminated agricultural soil 1 (CAS1) from the foot hill cul-
tivated with the biannual plant C. cagjan (n=5); (iii) con-
taminated agricultural soil 2 (CAS2) located far away from
the hill, cultivated with cereals O. sativa and Z. mays (n=
5); and (iv) CS (n=3) obtained about 1000 m away from
the contaminated hill and assumed to have the background
concentration of the analyzed metals. The six plant samples
(C. dactylon, S. nutans, A. concinna, C. cajan, O. sativa,
and Z mays) were collected by placing a 10x10 m quad-
rate, and from each quadrate, soil samples were collected
for three different profiles (0-15, 15-30, and 30-45 cm).
Four sub-samples of 1 kg each were collected (from each
corner), mixed, and homogenized together to form a com-
posite sample. All the topsoil samples were collected by
removing the top litter layer and pebbles. The samples were
sampled between Dec 2012 and May 2013.
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Fig. 1 a Location map and
lithology, and b sampling points
and areas of Roro hill, Chaibasa,
India
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2.3 Soil analyses

The collected samples were air dried for 3 days, oven dried at
40 °C, allowed to pass through a nylon sieve <2 mm, and kept
in polypropylene airtight zip bags for subsequent analyses.
The physico-chemical characteristics of the CMW, the CAS,
and the CS were determined using standard methods. Particle
size distribution was determined by sieving method (Gee and
Bauder 1986). Water holding capacity was determined using
Keen’s box and bulk density by metal core sampler method
(Mukhopadhyay et al. 2013). Pore space (porosity) was deter-
mined from bulk density measurements with an assumed par-
ticle density of 2.65 mg m > (Sobek et al. 1978). The pH and
electrical conductivity (EC) were measured in a soil-water
suspension (1:1; w/v) using a pH meter (Cyberscan 510) and
a conductivity meter (EI 601), respectively (Kumar and Maiti
2015). organic carbon (OC, rapid dichromate oxidation
technique, Walkley and Black 1934). available phosphorus
(Avl. P, Olsen method, Olsen and Sommers 1982) using a

@ Springer

B Contaminated agricultural soil (CAS)

UV-visible spectrophotometer (UV 265, Shimadzu), and
available nitrogen (Avl. N, alkaline permanganate method,
Subbiah and Asija 1956) were determined. Cation exchange
capacity (CEC) was determined using 1 N ammonium acetate
extraction method (Jackson 1973) using a flame photometer
(Systronics 128). For total metal analysis, 1 g of soil sample
was taken in a Teflon beaker and digested using HNO; conc.
(69-71 %), HF (40 %), and HCIO,4 (71-73 %) (5:1:1; v/v/v)
(Ho et al. 2013). The digested sample was warmed with 1 %
HNOs;, filtered, and transferred into a standard volumetric
flask, and metal concentrations were analyzed using a flame
atomic absorption spectrophotometer (FAAS-GBC Avanta,
Australia).

2.4 Plant analyses
Two grass species (C. dactylon and S. nutans), two legumi-

nous plants (A. concinna and C. cajan), and two cereals (Z.
mays and O. sativa) were collected, washed properly, and
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finally rinsed with deionized Millipore water (pH 6.9; Milli-Q
system) to remove the unwanted adhered soil particles
completely. The washed plant samples were divided into
roots, stems, and leaves, cut into 1-2 c¢cm in length, and oven
dried at 70 °C for constant weight. The samples were ground
using a mortar and pestle and sieved through a 1000-pum stain-
less steel sieve. Accurately weighed 0.5 g of powdered plant
sample was digested using HNO5 (69—71 %) and HCIO,4 (71—
73 %) (5:1; v/v) (Zou et al. 2012). Metal concentrations were
analyzed in the filtered supernatant using FAAS.

2.5 Soil pollution index and plant factors

To study the impact of metal pollution on soil, contamination
factor (CF) has been widely and frequently used by re-
searchers for predicting the level of contamination in multi-
metal CASs (Gemici and Tarcan 2007; Machender et al.
2013). It is the assessment of metal contamination in respect
to the control soil and is calculated as CF=[Clhcavy metar
[Clvackgrounds Where [Clheavy metat 1S the concentration of a par-
ticular metal in contaminated soil and [ Clyackground 1S the con-
centration of a particular metal in non-contaminated or unpol-
luted control soil. The level of contamination can be assessed
as 0=none, 1 =none to medium, 2=moderate, 3=moderate to
strong, 4=strongly polluted, 5=strong to very strong, and 6=
very strong (Tomlinson et al. 1980).

Translocation factor (TF) is the ability of the plant to trans-
fer metal from roots to shoots and calculated as TF=[C]gpooi/
[Clroots Where [Clsnoot i the concentration of metal in shoots
and [Cl,o0 18 the concentration of metal in roots (Maiti and
Jaiswal 2008). Bioconcentration factor (BCF) is defined as the
transfer of metal from soil to different parts of the plant and
calculated as bioconcentration factor of roots
(BCF);00t=[Clroot/[ Clsoit, @and bioconcentration factor of shoot
(BCF)shoot=[C(]shoot/[c]soi]s where [C]root or [C]shoot indicates
the metal concentration accumulated in the plant tissue (root
or shoot), and Ciseiysubstratey indicates metal concentration in
the substrate (soil/mine waste) (Bech et al. 2012).

2.6 Quality assurance and quality control

All glassware used were soaked in nitric acid and cleaned
properly. Reagent blanks, duplicates, and spiked samples were
used. Samples were prepared using deionized Millipore water
(Milli-Q system, Millipore). Standard reference materials
(SRM, AccuTrace, AccuStandard Inc., USA; matrix 2-5 %
nitric acid; CRM uncertainty +5 %; verified against NIST
SRM# 3108 for Cd, 3112a for Cr, 3136 for Ni, 3128 for Pb,
3132 for Mn, 3168a for Zn, 3113 for Co, and 3114 for Cu)
were used for the preparation and calibration of each analyti-
cal batch. Calibration coefficients were maintained at a high
level >0.99. The recovery percentage of metals in the SRM
samples for soil and plants ranged between 81-102 and 84—

121 %, respectively. The accuracy was checked by running
standard solutions after every 15 samples.

2.7 Statistical analyses

The soil and plant data were analyzed by one-way analysis of
variance (ANOVA) and a test of homogeneity of variance was
carried out. Mean separation was performed by Tukey’s test at
5 % level of significance after the normality and homogeneity
of variances were verified. Non-normal data were analyzed by
the Kruskal-Wallis non-parametric test to compare the soil
sites and plant species. Hierarchical cluster analysis (CA)
was performed using Ward’s method with Euclidean distances
as measure of similarity (Varol et al. 2013). All the data were
executed using SPSS 20.0 (SPSS Inc. Chicago, USA) and
XLSTAT 2007 package.

3 Results

3.1 Physico-chemical characteristics and heavy metal
concentrations in mine waste and soils

The physical and chemical characteristics of the CMW,
CASI1, CAS2, and CS for all the three profiles are presented
in Table S1 (Electronic Supplementary Material). Significant
differences were found between different sites of the same
profile. Particle size distribution in mine-influenced areas
was sandy in texture with higher percentage of sand in the
top profile of 0-15 cm as compared to lower profiles. Bulk
density (BD) was higher in CMW, CAS1, and CAS2 soil as
compared to CS. The pH value and EC for all the soil samples
ranged between 6.45-7.5 and 0.02-0.23 dS m ™, respectively,
in the top profile. The OC content, Avl. N, and Avl. P were
found low for CMW and CS in all the profiles; however, they
were high in CAS1. Maximum CEC (13.55 cmol kg ') was
found in CAS1 and minimum in CAS2 (3.47) for the top
profile. Mine waste-influenced agriculture soils namely
CAS2 were deficient in nutrient content (available nitrogen,
70 mg kg '; available phosphorous, 0.21 mg kg '; and ex-
changeable K, 0.16 cm01+kg71); however, because of the use
of manures or P-fertilizers by local farmers, the CAS1
contained larger amounts of NPK and other nutrients
(Supplementary Table; Kumar and Maiti 2015).

The total metal concentrations of the eight analyzed
heavy metals in the CMW, CAS1, CAS2, and CS for
three different depths are statistically (p<0.05) presented
in Table 1. Cr had the greatest concentrations across soils
followed by Ni>Mn>Cu>Pb>Co>Zn>Cd. The average
total metal concentrations across soil depth of 0-45 cm
of the CMW, CASI, and CAS2 ranged between 412 and
2418 mg Cr kg_l, 182 and 1344 mg Ni kg_l, 40 and
74 mg Zn kg ', 331 and 544 mg Mn kg ', 27 and

@ Springer
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Fig. 2 Contamination factor (CF) of different analyzed metals for the
chromite—asbestos mine waste (CMW), contaminated agricultural soil 1
(CAS1), and contaminated agricultural soil 2 (CAS?2). Different letters for

73 mg Co kg', 40 and 129 mg Cu kg', 41 and 90 mg
Pb kg!, and 0.6 and 1.3 mg Cd kg '. The CF of the
metals were very strong for Ni and Cr and found in the
order of Ni>Cr>Cu>Co>Pb>Mn>Cd>Zn (Fig. 2). The
critical ranges of metal concentration (mg kg ') in soil
are 7-100 for Cr, 100 for Ni, 1500-3000 for Mn, 70—400
for Zn, 25-50 for Co, 60-125 for Cu, 100—400 for Pb,
and 3-8 for Cd (Alloway 1990, 2013). Detailed reference
may be made to Kumar and Maiti (2015) for guidelines
of safe limits of metals in agricultural soil.

Fig. 3 Hierarchal dendrogram (a)
showing clustering of a different

metals and b soil sampling sites

with depth (0-15, 15-30, and 30— 0
45 cm) using Wards’s method

the same metal represent significant difference at p<0.05. CF is the ratio
of heavy metal concentration in contaminated soil to the heavy metal
concentration in background soil

3.2 Metal and spatial site grouping cluster analysis

The hierarchical cluster analysis (CA) produced three clusters:
the first cluster contains Co, Pb, Cu, Zn, and Cd, the second
cluster contains Mn linked with Zn, and the third cluster con-
tains Cr and Ni. The results obtained from CA revealed that
Cr, Ni, and Mn were closely linked to each other (Fig. 3a).
Similarly, spatial CA was applied to group the differ-
ent sampling sites with similar characteristics.
Hierarchical CA was performed along the sites with three
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Fig.4 a—g Concentration of metals (mg kg ") in the different plant parts
of Cynodon dactylon, Sorghastrum nutans, Acacia concinna, Cajanus
cajan, Zea mays, and Oryza sativa. Different small letters for the roots,

different profiles of 0-15, 15-30, and 30-45 cm
(Fig. 3b). Cluster 1 consists of non-metal-influenced con-
trol soil and low CASs of deeper profile: CS (0-15 cm),
CS (15-30 cm), CS (30-45 cm), CAS2 (15-30 cm), and
CAS2 (3045 cm). Cluster 2 contains (CMW1 0-15 cm,
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capital letters for the leaves, and numbers for the stems represent
significant difference at p<0.05

CMW 15-30 cm, and CMW 30-45 cm) very strongly Cr
and Ni contaminated sites. The third cluster contains the
moderate to highly contaminated agricultural soils (CAS1
0-15, 15-30, 3045 cm and CAS2 0-15 cm) due to the
CMW.
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3.3 Heavy metal accumulation in grasses, legumes,
and cereals

Heavy metal concentrations in different parts of the plants are
statistically presented in Fig. 4. Cr concentration was signifi-
cantly high (p<0.05) in grasses (C. dactylon and S. nutans)
and legumes (A. concinna and C. cajan) growing on the
CMW and CAS1 with significant (»<0.05) variability in their
standard deviation whereas low Cr was accumulated in the
cereals (Z. mays and O. sativa) growing on the CAS2.
Maximum concentration of Cr in roots (72 mg kg ') and
shoots (58 mg kg ') was found in A. concinna and S. nutans,
respectively, whereas minimum concentrations were observed
in roots (11 mg kg ") and shoots (8 mg kg ") of Z. mays. The
TF for Cr were >1 for grasses and <1 for legumes and cereals
whereas BCF,,; and BCFy;,, were very low. The Ni content
in roots (18-35 mg kg ') and shoots (28-46 mg kg ') of

Legumes
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grass—legumes was significantly higher (p<0.05) as compared
to that of cereals. However, none of the plant had exceeded
critical plant concentration of 10-100 mg kg™ ' (Kabata-
Pendias 2011). Except for C. dactylon, Ni mobility was high
for grass—legumes (TF>1). However, BCF, ., and BCFp,o0
were very low for all the six plants. Accumulation of Zn and
Mn was quite higher in grass—legumes as compared to cereals.
Zn content was maximum in the shoot of C. cajan
(110 mg kg ") and minimum in Z. mays (24 mgkg ') whereas
for Mn it was maximum for A. concinna. All the plants were
capable of transporting Zn and Mn in the shoot part (TF >1).
BCFp00i>1 were found for grasses and cereals and BCF, <
1 for cereals (Fig. 5).

Concentrations of Co in the plants were in the order of A.
concinna>C. dactylon>C. cajan>S. nutans>Z. mays>QO.
sativa. Except for C. dactylon, all the plants were with TF >1
whereas the BCF values of roots and shoots for grasses,
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Fig. 5 a Translocation factor
(TF), b bioconcentration factor of
roots (BCF o), and ¢
bioconcentration factor of shoots
(BCFgp001) Of grasses, legumes,
and cereals growing on the CMW,
CASI, and CAS2. Different
letters among the six plants for the
same metal represent significant
difference at p<0.05. 7TF is the
ratio of the metal concentration in
shoots to that of roots, BCF,, is
the ratio of the metal
concentration in roots to that of (b) 10 -
the substrate, and BCFg,o is the

ratio of the metal concentration in |
shoots to that of the substrate

0.1

BCF (Root)

0.01

0.001

0.1

BCF (Shoot)

0.01

0.001

legumes, and cereals were very low, with the maximum
BCF, oot and BCFg,oo values in C. dactylon (0.076) and A.
concinna (0.096), respectively. Cu concentrations in grass—le-
gume and cereals ranged from 8 to 43 and 2 to 5 mg kg ',
respectively, in roots and 6-26 and 2-6 mg kg ' in shoots,
respectively. Pb content in the roots and shoots of grasses
and legumes was many folds higher than cereals and in order
of A. concinna>S. nutans>C. cajan>C. dactylon>Z. mays>
O. sativa. The TF >1 and BCFs <1 were found for all the
plants. Cd was very low or below detection limit (<0.03) in
all the plants growing on all the sites (data not shown).

4 Discussion
The physico-chemical characteristics of the CMW and CAS

were poor and deficient in nutrient content (NPK); however,
agricultural soils (CAS1) supplemented with manures or P-
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fertilizer by the local farmers resulted in enhanced NPK con-
tent (Alloway 2013; Barbafieri et al. 2011). Because of the
high sandy texture and BD, water holding capacity and pore
space for the CMW and CASs were found low. Along the
depth, the NPK content decreased because of poor availability
of nutrients in the lower profiles. Spreading and thin layer
deposition of the CMW from the hill into the surrounding area
during monsoon and summer seasons resulted in lower avail-
ability of nutrients in the top profile (015 cm) of the CAS2;
however, it was better in other profiles (15-30 and 3045 cm).
Das et al. (2013) had also reported low availability of nutrients
mainly N, P, and OC in the chromite overburden dump.
Exchangeable cations (exc. K, Ca, and Na) were found very
low in the CMW and CAS maybe because of the runoff CMW
deposited on the surface of the soil (Kumar and Maiti 2015).

Significant differences in metal concentration were found
for Cr-contaminated soil and CS for the same profile.
However, for most of the metals, no significant differences
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were found in the CMW, CASI1, and CAS2, suggesting the
possibility of the CMW as a source of metal contamination for
the agricultural soils.

Metal grouping cluster analysis showed Cr was most dis-
tantly linked with the first and second groups of clusters and
closely linked with Ni, revealing that the Cr has a single
source of origin. Site grouping cluster analysis for different
depths showed a thin layer of the CMW was deposited on the
top profile because of the distance between the CAS2 and the
CMW, resulting in high contamination, whereas it was mod-
erate to low in lower profiles. C. dactylon was the most dom-
inant plant species followed by S. nutans, A. concinna, and C.
cajan growing on the CMW and CASI1 sites. Therefore, it may
be opined that grass—legumes are thriving towards adaptation
of metal contamination and acting as a potential barrier for
water and wind erosion.

Cr concentration in grasses and legumes was high and
above the critical plant total metal concentration of 5—
30 mg kg ' (Kabata-Pendias 2011). Irrespective of high con-
centration of Cr in the soil, its accumulation was found low
(<10 mg kg ') in the cereals growing on the CASs maybe
because of its highly immobile nature (>80 % of Cr present
in immobile residual fraction) and grass—legumes were acting
as a potential barrier for metal uptake by cereals (Alloway
2013). Further, addition of farmyard manure reduces the Cr
mobility in soil, resulting in lower Cr accumulation in crops
(Singh et al. 2007). Mertz (1969) and Petrunina (1974) report-
ed that the native plants of chromite deposits can accumulate
only a small fraction 0f 0.3 to 3.4 % of Cr. The toxicity limit of
Cr for the crops growing on the serpentine soils of California
ranged between 1 and 10 mg kg™' (Alexander et al. 2007). The
TF of C. dactylon, S. nutans, and C. cajan were found >1
which implies higher accumulation of Cr in the leaves as
compared to roots. BCF for all the plants were found very
low (0.005-0.030) may be due to lower availability. Similar
observations were found by Brunetti et al. (2009). with TF >1
and BCF <1 for Cr in the wild plants growing on a multi-
metal-contaminated site of Apulia region, Southern Italy. It
is known that Ni has a high mobility in serpentine soil
(Kumar and Maiti 2015). Grass—legumes were found to trans-
locate metals to leaves TF >1; however, the BCF values were
found to be very low because of the high concentration of Ni
in the soil. Brunetti et al. (2009) reported TF >1 and BCF <1
for Ni in the wild plants growing on a multi-metal-
contaminated site of Apulia region of Southern Italy. The Zn
concentrations were found within the normal range of 15—
150 mg kg~ (Chaney 1989). High TF (TF >1) and low
BCFs (BCF <1) for Zn indicate its accumulation in the aerial
parts and low translocation from soil, respectively.

None of the grass—legumes and cereals has exceeded the
critical plant total Mn concentration of 300-500 mg kg ' and
faced the Mn deficiency of 15-25 mg kg '. Overall, it was
found that Mn mainly accumulated in the plant shoot than root

which may be due to its higher mobility (Kabata-Pendias
2011), highlighting higher translocation ability (TF >1) of
the plants. The BCF,,o and BCFg,, of grass—legumes and
cereals were <1, with maximum BCFg,, values in cereal
species because of the presence of significant concentration
of Mn in contaminated soil. The maximum BCFg,,,; was
found for A. concinna followed by C. cajan>S. nutans>Z.
mays> Q. sativa>C. dactylon. For Co, Cu, and Pb, all the
grasses, legumes, and cereals were found within the toxicity
limit for Co, Cu, and Pb. Except for S. nutans, TF >1 was
reported in all the grasses, legumes, and cereals, showing its
high mobility of Pb (Brunetti et al. 2009).

5 Conclusions

In the present study, metal and spatial site grouping cluster
revealed the abandoned CMW is the source of contamination
for the agriculture lands. The success of phytoremediation
depends upon the selection of plants with metal-scavenging
properties. Grass—legume cover (C. dactylon, S. nutans, A.
concinna, and C. cajan) investigated in this study had the
ability to accumulate metals and act as a potential barrier for
transport which facilitate phytoremediation of chromite—as-
bestos mine waste (Hoflich et al. 1994; Zong et al. 2015).
Possibilities for enhancing the barrier function of the grass—
legume cover need to be explored with other low-cost agro-
nomic amendments and the role of rhizospheric organisms.
Use of high-biomass grasses (Cymbopogon sp.,
Chrysopogon sp.) and leguminous plants (Stylosanthes sp.,
Sesbania sp.) with biochar, farmyard manure, and chicken
manure along with Pseudomonas sp. and Bacillus sp. which
has plant growth-promoting activities could help in the reme-
diation of Cr-contaminated soil.
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