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Abstract: A pot experiment was conducted to identify the efficiency of Datura inoxia for remediation of cadmium(ll) and
chromium(VI) contaminated soils. In this experiment plants were grown for 45 days with 5 levels of test concentrations [TC1(0),
TC2(25), TC3(50), TC4(75) and TC5(100) respectively. Growth studies and metal accumulation in plant and soil samples were
determined. Results showed that at higher concentration of metals, the plant length and biomass effected. Maximum uptake of cadmium
and chromium were found to be in TC4 soils on day 45. Basing on the results it can be concluded that metal uptake was increased with
increased dosage of cadmium and chromium concentrations. BCF and TF values were found to be >1 for cadmium(ll) contaminated
soils whereas, BCF >1 and TF <lin chromium contaminated soils indicating the selected plant species Datura inoxia could be good

accumulator for cadmium contaminated soils.
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1. Introduction

Heavy metal pollution is one of the most dangerous
problems of the world [1]. Natural processes such as
volcanic eruptions and human activities such as fossil fuel
industries, sewage sludge, fertilizers and metal working
industries are the major sources of heavy metal
contamination [2]. In environment the most common heavy
metals are cadmium, chromium, copper, mercury, lead and
nickel [3-4]. Heavy metals can sustain for longer period and
bioaccumulate in the environment. Thus, the half-life of
these toxic metals will be very high [5]. Chromium(V1) and
cadmium(ll) are most dangerous metals even at low
concentrations they can effect plants, animals and also
human health [6]. Anthropogenic activities such as mining,
tobacco smoking, smelting and refining of non-ferrous
metals are the major sources of cadmium [7]. The major
health effects of cadmium(ll) are formation of kidney stones
due to disturbances in calcium metabolism and occupational
health hazards such as softening of the bones and
osteoporosis. High uptake of chromium(VI) is responsible
for several health effects in human beings such as
respiratory problems, haemolysis, skin rashes, acute renal
failure, weakened immune systems, kidney and liver
damage, alteration of genetic material, lung cancer, kidney
and liver damage, Pulmonary fibrosis and acute renal failure

[8].

At present, there are numerous physical and chemical
procedures such as chemical precipitation, ion exchange,
reverse osmosis and solvent extraction to remove the heavy
metals from various contaminated sources which are costly,
less efficient and also change the soil properties and
responsible for long term risks such as leaching and ground
water pollution[9-10]. Several approaches have been studied
for the development of more efficient methods in removing
metal pollution and the phytoremediation process is found to
be more practicable over other techniques.

Phytoremediation is a cost effective innovative technology
that utilizes plant species for decontamination of soil [11-
14]. The key to successful phytoremediation is the potential
of plants to transport heavy metals from the soil into their
above ground parts (root, shoot and leaves) and uptake from
their underground roots [15-16]. The selection of plants is
very important and the plants which can survive in
unfavorable conditions with high growth rate and biomass
and accumulate toxic levels of metals in their aerial parts
(shoots) can be considered as ideal plants for
phytoextraction [17]. It is recommended to use the native
plant species which are less competitive under local
conditions and reduce the metal concentration to an
acceptable level for normal plant growth [18]. Indian
mustard and sunflower are considered as hyperaccumulators
because of their fast growth, high biomass, and high
tolerance and accumulation of metals [19]. To consider the
plants as hyperaccumulators the bioconcentration factor and
Translocation factor should reach > 1 to indicate that the
concentration of heavy metals above ground is greater than
that below ground (roots). Therefore, it can be concluded
that this criteria is more crucial in phytoextraction. Previous
research shows that there is growing interest of searching for
a variety of plants for the removal of heavy metals including
Thlaspi caerluescens[20], Lonicera japonica[21], Solanum
nigrum L[22], Sedum alfered[23] and Brassica junceae[24]
The utilization of the remarkable ability of plants to remove
pollutants from the environment is at present a fascinating
field of research.The aim of the present study was to
investigate the ability of metal uptake of Datura inoxia from
cadmium(I1) and chromium(V/1) contaminated soils.

2. Materials and Methods

A pot study experiment was conducted to identify the
growth and metal uptake by selected plant species Datura
inoxia from cadmium(ll) and chromium(VI) contaminated
soils. The experiment was comprised of 5 dosages of
cadmium(ll) and chromium(VI) with different test
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concentrations TC1 (control), TC2 (25), TC3 (50), TC4 (75)
and TC5 (100) ppm. The plastic pots were filled with 5 kg of
soil amended with known concentrations of CdCl, and
K,Cr,O;. Healthy and similar size of Datura inoxia
seedlings were collected from uncontaminated sites and no
additional fertilizers were used during the experiment. The
plants were grown for 45 days under natural conditions.
Growth studies of plant i.e., plant height (cm) (root and
shoot) and biomass (g) (dry matter) of individual plant
species were recorded by harvesting plants at regular
interval of 15 days of a total period of 45 days. The
accumulation  of  cadmium(ll) and  chromium(VI)
concentrations in plant samples was determined by washing
the plant samples thoroughly with tap water and deionised
water to remove the dust particles and dried for 2 days in
oven at70°C. The dried plant samples was powdered and
stored for the metal analysis. The metals in plant and soils
samples were determined by acid digestion procedure [25-
26]. Homogenous tissue samples were digested in 3:1
HNO3:HCLO4 (v/v) solution on a hot plate at 150- 175°C
for about two hours until clear liquid was obtained. Metals
such as cadmium(Il) and chromium(VI) were determined
using flame atomic absorption spectrophotometer (Spectra
250Plus). Average values of three replicates were taken for
each experiment. The analytical procedure was expressed as
standard deviation and standard error. All the chemicals and
reagents were analytical grade and obtained from merck.
Bioconcentration Factor was calculated as metal
concentration ratio of plants roots to soil [27]. Translocation
Factor was described as ratio of heavy metal in plant shoots
that in plant root [28-29].

3. Results and Discussion

In cadmium(I1) contaminated soils shoot system of the plant
shown significant difference relative to control. Shoot length
and Shoot dry matter were decreased as the dosages of
chromium(V1) increases in soil. There was a gradual
reduction in seedling length with an increase in the
concentration of metals chromium(VI) with a maximum
reduction of at TC4 compared to control (Table 1 a &b).
The direct influence of metals on the cellular metabolism of
shoots may lead to the reduction of seedling length in metal
stressed seedlings [30] .The tallest plants were found in
control pots. The maximum reduction in shoot length and
shoot dry matter observed were 12.2cm and 2 mg/kg in TC4
soils on day 45 and day 15 respectively. As shown in Table
1 a & the maximum values in root length and root dry
matter observed were 6.3cm and 3.5mg/kg in TC1 soils on
day 30 and day 45. The mean values have increased from
control to TC1 and thereafter reduced in TC2 to TC4 soils
which shown inhibitory effect on root system with increase
in the dosage of chromium(V/1) concentrations in soils.

Table 1a: Shoot length, Root length, in different test
concentrations on different harvest days in chromium(V1)
contaminated soils
Shoot length Root Length
C |TC1|TC2|TC3|TC4| C |TC1|TC2|TC3|TC4
Day| 23 |25 | 3 |21 | 2 3 |31 (25|22 2
15 +1.02|£1.0 [+0.98(+0.65+2.30| +2.0 [+2.08[+2.04[+2.15+2.30

Day| 13 | 13 [13.1|127|125| 7 |63 |42 | 3 |31
30 +2.36[+2.51(+1.0 [+1.32[+1.52+1.23+1.82+1.02| +0. |+0.7

Day| 16 |12.3 125125122 | 6 |6.2 |41 | 3 3
45 [+0.9 #1.23#1.25[+0.36+0.05+0.36 +1.20+1.36[+1.64 [+1.85

Results are means +SD(n=5)

Table 1b: Shoot biomass and Root biomass in different test
concentrations on different harvest days in chromium (V1)
contaminated soils
Shoot dry matter Root dry matter

C |TC1|TC2|TC3|TC4| C |TC1|TC2|TC3|TC4

06| 05 |057]054| 04| 05({043041|035| 0.3
+2.82|+0.09|+1.03|+1.05|+1.63|+1.20|+1.36|+0.98|+1.63| £1.5

3 125123 2 |15|15|13| 1 |08] 07
+1.24|+1.25|+1.56|+1.62|+1.84(+1.24|+1.69|+1.24|+1.96|+1.36

4 |35 3 |27 |25|19|16|12| 1 |04
+0.65|+0.96|+0.85|+0.99|+0.08(+0.87|+0.14|+0.96|+0.98| +0.99

Results are means +SD(n=5)

The maximum accumulation by roots and shoots were 19.3
mg/kg & 22.9 mg/kg in TC4 soils on day 45 as shown in
Table 2 and Figure la-c. Accumulation of chromium(VI1)
was found higher in root rather than in shoot. The possible
reason might be that there were some other physiological
reasons responsible for this phenomenon. The mean values
have increased with increased soil chromium(VI) on all
harvest days and shown no significant reduction, relative to
control.
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Figure 1 a-c: Accumulations of chromium(V1) in shoot and root in different concentrations on day 15 — 45

Table 2: Chromium (VI)accumulations in soils, shoot and root, Bioconcentration factor (BCF) and Translocation factor (TF)
in different test concentrations on different harvest days

) Harvest Days

(K]crglmtgt(i\c/)g 15 days 30 days 45 days
C |TC1| TC2 |TC3| TC4 | C |TC1|TC2|TC3|TC4| C | TC1 | TC2 | TC3 | TC4
Shoot (Lig/g) 06 | 3 |6.21|105|122| 07|29 |6.8|16.9|21.9| 0.9 | 489 | 136 | 178 | 229
+0.09 |+0.02| +0.05 |+0.06| +0.04 |+0.06|+0.03|+0.07|+0.04| +0.06 | £0.04 | +0.04 | +0.06 | +£0.04 | +0.09
Root (1g/g) 07 | 28| 9.6 [149| 20.8 |0.89|3.56(10.1(20.8| 269 | 1.3 | 7.2 | 151 | 236 | 19.3
+0.04 |+0.06| +0.04 |+0.05| +0.04 |+0.06|+0.05|+0.04|+0.08| +0.02 | £0.09 | +0.04 | +0.06 |+0.048| +0.04
BCF of Shoot | 0.80 | 0.80| 0.68 | 0.64| 0.71 |0.78|0.53|0.65/0.94| 1.18 | 0.75 | 0.68 | 1.13 | 0.90 | 1.14
BCF of Root 1.00 |0.75| 1.05 |0.90| 1.22 |0.99]|0.65/0.96{1.16| 1.45 | 1.08 | 1.00 | 1.26 | 1.20 | 0.96
TF 0.80 |1.07] 0.65 | 0.70] 0.59 | 0.79/0.81]|0.67|0.81| 0.81 | 0.69 | 0.68 | 0.90 | 0.75 | 1.19

Results are Means +SD(n=5)

In cadmium(Il) contaminated soils during the period of
observation, no toxic symptoms were observed in any test
concentrations, shoot length and shoot dry matter showed no
significant reduction relative to control. The mean values
have increased showing no inhibitory effect with increases
soil cadmium(Il) on all harvest days (Table 3 a &b). The
maximum shoot length and shoot dry matter were 28.5cm
and 3.5 mg/kg in TC4 soils on day 45 respectively. However
the root length and root dry matter were significantly

Table 3a: Shoot length, Root length, in different test concent

reduced in TC4 soils. The maximum reduction was observed
on day 45. The mean values have decreased shown the
inhibitory effect on root length and root dry matter with
increase in the dosage of cadmium(ll) concentration in soil
which is proved in the earlier reports. The increase in growth
parameters at low concentration of cadmium could be due to
the presence of the phenomenon of hormesis, a dose
dependent response of the seedlings where the low dose
stimulates the growth while high dose suppresses the growth
[31-33].

rations on different harvest days in cadmium(ll) contaminated

soils
Shoot length Root Length

Days C TC1 TC2 TC3 TC4 C TC1 TC2 TC3
Dav 15 10.1 18.19 20.8 21.9 23 2.8 2.7 2.7 2

y +2.03 | $2.36 | +2.45 | +3.65 | +3.54 | +2.47 | +3.47 | 2.0 | £2.53
Dav 30 17.9 22 24.9 27 28 4.01 25 2.6 19

y +2.05 | £2.35 | +245 | £3.14 | £2.01 | +245 | +2.36 | *2.0 +2.14
Dav 45 20.5 245 25 27 28.5 6.8 2 2.6 18

y +2.65 | £2.15 | £2.08 | £2.09 | £2.03 | +2.09 | +2.69 | £2.14 | £2.98

Results are means +SD(n=5)

Table 3b: Shoot biomass and Root biomass in different test concentrations on different harvest days in cadmium(11)
contaminated soils

Shoot dry matter

Root dry matter

TCl1 | TC2 | TC3 | TC4

TCl1 | TC2 | TC3 | TC4

3

2.5 2.7 3

0.65 0.45 0.4 0.38
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+3.20 | £2.45 | £2.12 | x2.04 | £3.25 | +3.74 | £2.08 | +2.00 | +2.36 | +2.54
2.7 2.9 2.9 3.2 3.1 0.98 0.54 0.43 0.38 0.35
+2.04 | £3.65 | £3.23 | £3.04 | +3.62 | +3.85 | +3.62 | +2.45 | +2.36 | +2.85
2.9 3 3.1 3.5 3.4 0.78 0.23 0.43 0.37 0.35
+3.87 | £2.98 | £3.45 | +2.95 | +2.85 | +2.36 | +2.38 | +2.98 | +3.65 | +3.21

Results are means +SD(n=5)

The maximum accumulation by roots and shoots were 30
mg/kg & 28.5mg/kg in TC4 soils on day 45. The mean
values have increased with increased dosage of cadmium(ll)
concentrations in soil. Accumulation of cadmium(ll)was
found higher in shoots rather than in roots (Table 4 &
Figures 2 a-c). The shoot metal concentration of plants can
partially reflect the efficiency of plants on the remediation of
soil heavy metals. Thus, the ratio of shoot metal
concentration to total soil metal concentrations can also
partially reflect the ability of plants to absorb soil heavy
metals and transport them to shoots [34-35].

m Shoot (ng/g)

Cd accumulation (mg/g)

Root (ne/g)

Test concentrations

2a

m Shoot (ug/g)

C |Tca|Tc2|TC3|TCA Root (ug/g)

Cd accumulation {mg/g)
[an]

30days

Test concentrations

2b

B Shoot (ug/g)

C [TC1TC2[TC3|TC4A Root (ug/g)

cd accumulations(mg/g)
]

Test concentrations

2c
Figure 2: a-c accumulations of cadmium(ll) in shoot and
root in different concentrations on day 15 — 45 in Datura
inoxia

Table 4: Cadmium(ll) accumulations in soils, shoot and root, Bioconcentration factor (BCF) and Translocation factor (TF) in
different test concentrations on different harvest days

. Harvest Days
Cadmium(Il) 15 days 30 days 45 days
Accumulation ["c T TCc1 [ TC2 | TC3 | TC4 C |TCl1|TC2|TC3|TC4| C |TC1l| TC2 |TC3| TC4
0.80| 7.995 [19.43| 37.8 | 41.0 | 1.14 |105|250 (4125|455 | 1 |12.1| 22.8 |43.9| 285
Shoot (pg/g) +0.03
+0.05| +0.05 |+0.04|+0.34| +0.36 | +0.04 |+0.05(+0.36|+0.05 [+0.04 |~ |+0.05 | +0.36 |+0.03| +0.36
0.68| 6.56 [15.37| 241 | 289 | 093 |825|19.0| 305 |34.1| 112|935 171 30.0
Root (u1g/g) 32.14
+0.08|+0.014 | +0.03 | +0.35 | +0.08 | +0.014 |+0.30(+0.20|+0.014| +0.03 | +0.08 | +0.36 |+0.014 +0.08
BCF of Shoot |1.40| 156 | 1.72 | 1.88 | 1.92 | 152 |1.68|1.84| 2.00 | 2.08 | 1.60 | 1.76 | 1.92 | 2.08| 2.15
BCFof Root [1.20| 1.28 | 1.36 | 1.20 | 1.36 | 124 |1.32|140| 1.48 | 1.56 | 1.28 | 1.36 | 1.44 |1.52| 1.60
TF 117| 122 | 126 | 157 | 142 | 1.23 |1.27|131| 135|133 |1.25|1.29 | 1.33 |1.37| 1.34

Results are means +SD(n=5)

As shown in Table 4 the maximum BCF of shoot and root
were 2.15 and 1.60 in TC4 on day 45 respectively in
cadmium(Il) contaminated soils. The BCF values in
experiment increased with increase the dosage of
cadmium(Il) concentrations and all of them higher than 1.0.

Translocation values in the experiment were 1.25 - 1.37
respectively. Plants must have the ability to translocate the
metals from roots to above ground parts. As shown in Table
2 the maximum BCF of shoot and root were 1.45 & 1.14
observed in TC4 on day 45 respectively in chromium(VI)
contaminated soils. Maximum translocation values in the
experiment were 1.19 observed in TC4 on day 45.
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4. Conclusion

A significant increase shoots and root concentrations of the
heavy metals cadmium(Il) and chromium(VI1) with increase
in all test concentrations. In this pot study experiment the
test plant species Datura inoxia shown positive response for
its accumulation. The plant tolerance for cadmium(ll) and
chromium(VI) was evident in form of increase in shoot
height and shoot dry matter of the plant. However root
biomass was significantly reduced in soils with increase
cadmium(Il) and chromium(VI). Accumulation of metals
cadmium(Il) and chromium(VI) in Datura inoxia induces
stress and causes growth reduction.. As shown in Table 2
and 4 the maximum uptake was observed in TC4 on day 45
in both shoot and root (48.6 mg/g & 36.2 mg/g) in cadmium
contaminated soils. Results of chemical analysis proved that
both BCF and TF values are greater than 1.0. The maximum
accumulation by roots and shoots were 34.8 mg/kg & 23.5
mg/kg in TC4 soils on day 45 in chromium(VI)
contaminated soils. Results of chemical analysis proved that
BCF values were greater than 1.0 whereas, TF values are
less than 1.0. It can be concluded that selected test plant
species, Datura inoxia could be good hyper accumulator for
cadmium(Il) rather than chromium(V1) However, being
BCF values greater than 1.0 it can be considered as good for
phytostabilizaton of chromium(V1). Datura inoxia is widely
distributed, reproduced easily by its seed and have strong
ecological adaptability. Hence Datura inoxia has great
potential for remediation and could be considered as hyper
accumulator for cadmium(ll) & chromium(V1) contaminated
soils.
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