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Abstract: The emergence of the industrial revolution has led to an enormous increase in heavy metal pollution
of the biosphere, which subsequently became a threat to the environment and human life. Heavy metal pollution
and human health have been recognized as one of the most critical threats to soil and water resources. The
potential of Jatropha curcas, Ixora coccinea, Codiaeum variegatum, Andropogon tectorium, Panicum
maximum, Zea mays, and Cajanus cajan as suitable phytoremediators for soil matrix polluted with Zinc (Zn),
Cobalt (Co), Cadmium (Cd) and Lead (Pb) is the aim of this work. The plants were grown in soils polluted with
0.1M and 0.5M Pb2+, Cd2+, Co2+, and Zn2+ solutions and harvested after 8 and 12 weeks of inoculation. They
were washed, air-dried, ashed, and digested, and concentrations of the metal ions were analyzed. The results
revealed that the plants showed significant absorption effects in the absorption of Pb?*(P< 0.01), Cd?*(P< 0.01),
Co?* (P< 0.01) and Zn?* (P< 0.001). There was also a significant interaction between plants and the time of
harvest in the absorption of Pb?*(P< 0.01), Cd?*(P= 0.02) and Zn?* (P< 0.001). No significant interaction was
observed for the absorption of Co (P= 0.36). At 0.5M concentration of Pb?* and Cd?*, the mean Pb?* and
Cd?absorptions in Codiaeum variegatum (female) were significantly higher than in other plants. Also Ixora
coccinea had the highest mean absorption of Co?* when inoculated with 0.5M of the metal ion and at 8 weeks,
while the mean Zn?* absorption in Codiaeum variegatum (male) was significantly higher than those of other
plants when inoculated with 0.5M Zn?* and at 12 weeks. The flowering plants- Codiaeum variegatum (male
and female) and Ixora coceinea showed better absorption of the metal ions than all other plants. The potential
demonstrated by the flowering plants indicated that they could serve both aesthetic and phytoremediation
functions at the same time. Absorption is the chief phytoremediation process since it removes the toxic heavy
metals from the soil, as seen from our experimental findings.

Keywords: Phytoremediation; Jatropha curcas; Ixora coccinea; Codiaeum variagatum; Andropogon tectorium;
Panicum maximum; Zea mays; Cajanus cajan; heavy metals.

1. Introduction safety, the high concentrations of these heavy
metals/pollutants must remove.

Human life and the environment are being
threatened by the drastic increase in heavy metal
pollution of the biosphere owing to the emergence of
the Industrial Revolution. One of the most critical
threats to human health and soil and water resources

Phytoremediation can be explained as a set of
ecological methodologies that uses plants in situ to
enhance the breakdown, immobilization, and
removal of pollutants from the environment *°,

has been known to be heavy metal pollution *.
Anthropogenic and geological activities are sources
of heavy metal contamination. Anthropogenic
activities contributing to metal contamination
include agricultural chemicals, fuel production,
mining, smelting, military activities, and industrial
pollutants 2. These pollutants remain incredibly
harmful in several forms, and for environmental
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Phytoremediation of soil polluted by heavy metals
has been a technology that utilizes plants to extract
these metals from the soil or render them harmless in
situ . It serves as a means of reducing environmental
contamination . The rehabilitation of metal-
contaminated sites is vital for restoring sites, which
keeps them in a good productive state and limits
human exposure to toxic metals 8. Phytoremediation
is a cost-effective strategy for eliminating pollutants
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(mainly heavy metals and organics) from
contaminated soils and waters at the site level with
little or no disturbance to the landscape *°. It equally
reduces the cost of alternatively disposing of
hazardous wastes in a landfill or an off-site storage
facility °.

Phytoremediation can be grouped into techniques viz
phytoextraction 2, hemofiltration (hemofiltration),

phytodegradation, phytovolatilization, and
phytostabilisation °. Phytoextractionalso, also
known as phytoaccumulation, is a

phytoremediation application that utilizes plants to
remove heavy metals from water, soil, and
sediments. It is also a  promising soil
remediation process that can quickly absorb heavy
metals and clear the soil of toxins %% 13,
Phytoextraction removes pollutants from the soil
without adversely affecting the soil properties *.
Plants have been shown to directly affect
contaminant levels through phytoextraction, which
concentrates heavy metals from the environment into
plant tissues **. To be eligible for phytoremediation,
plants are usually highly productive and good
bioaccumulators with tolerance to increased
pollution levels #16, Many research groups have
explored the potential of various species for the
phytoextraction of heavy metal-contaminated areas
119 In addition, aquatic plants such as water
hyacinth  (Eichhornia  crassipes), pennyworth
(Hydrocotyle umbellate), duckweed (Lemna minor),
and water velvet (Azollapinnata) have been shown to
be effective in rhizofiltration, phytoextraction and
phytodegradation 202,

In this study, the metal uptake potentials of eight
plants found in Nigeria were investigated. The plants
are Jatropha curcas (a species of flowering plant in
the spurge family, Euphorbiaceae, found in tropical
and subtropical regions), Ixora coccinea (a genus of
flowering plant in the Rubiacea family), Codiaeum
variegatum —both male and female species (another
flowering plant belonging to the Euphorbiaceae
family, which are salinity resistant plants),
Andropogon tectorium, Panicum maximum (Guinea
grass), Zea mays (corn) and Cajanus cajan (Pigeon
Pea, an annual or semi-perennial shrub legume).

These plants were chosen for this study for reasons
that include ready availability, widespread
distribution, vast knowledge base, rapid growth, and
plant commodity values. Herein, we report the
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potential of these plants as suitable phytoremediators
for soil matrix polluted with Zinc (Zn), Cobalt (Co),
Cadmium (Cd), and Lead (Pb) at 0.1M and 0.5M
concentrations, and at 8 and 12 weeks of inoculation.

2. Methods

Four hundred and thirty-two (432) seedlings of
Jatropha curcas (Jc), Ixora coccinea (Ic), Codiaeum
variegatum (male (Cm) and female (Cf)),
Andropogon tectorium(At) and Panicum
maximum(Pl) were collected from the premises of
Nnamdi Azikiwe University, Awka Nigeria, while
the seedlings of Zea mays(Zm) and Cajanus
cajan(Cc) were collected from an already prepared
nursery. The seeds and seedlings were identified at
the Department of Botany Herbarium, Nnamdi
Azikiwe University, Awka. The seeds and seedlings
were later authenticated at the same Herbarium.
Exactly 01 ™M and 05 M solutions of
Zn(N03)2-6H20, CO(NO3)2'6H20, Pb(NO3)2 and
Cd(NOs3)2-4H,0O were prepared using the methods
described by Anarado et al., 2019 22, Briefly, 0.1 M
solutions of CO(NO3)2'6H20, Zn(N03)2-6H20,
Cd(NO3)2-4H,0, and Pb(NOs), were prepared
dissolving 29.103g, 29.748 g, 30.848 g and 33.121 ¢
respectively in 0.7 dm? of distilled water and each
made up to 1 dm® mark with distilled water. 0.5 M
solutions of Co(NOj3),-6H,0, Zn(NOs),-6H,0,
Cd(NO3)2-4H,0, and Pb(NOs), were prepared to
dissolve 145.516 g, 148.74 g, 154.24 g, and 165.605
g respectively in 0.7 dm? of distilled water and each
made up to 1 dm® mark with distilled water. Fifty-
four seedlings of each plant were grown in isolated
polyethylene bags; forty-eight seedlings were
inoculated with 0.1M and 0.5M solutions of the salt,
while six of each plant were left uninoculated. The
plants were harvested after 8 and 12 weeks of
inoculation, washed, air-dries, washed, and digested
with agua regia, and concentrations of Pb?*, Zn?*,
Cd?* and Co?* absorbed by the inoculated and
uninoculated plants were determined using VARIAN
AA240 Atomic Absorption Spectrophotometer,
Tables 1,2,3,4.

1. Results and Discussions
1.1. Lead lon (Pb?") Absorption by Plants

Table 1. Absorption of Pb?* (mg/kg) by plants at different concentrations and harvest times.

12 Weeks
8 Weeks
Plants 0.1M 0.5M 0.1M 0.5M
Jc 0.35+0.11¢ 1.85+0.48° 0.65+0.11° 0.59+0.18°
Cf 5.94 +0.20? 7.49 +1.27° 5.25+0.37° 9.33+0.27°
Cm 2.35+0.36° 6.51+0.81° 5.21 £0.75° 3.90 +0.70°
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At 0.46 +0.10¢ 0.86 +0.41¢ 4,70 £ 0.21° 2.94 +0.64°
PI 3.22£0.39° 3.88£0.12° 4.34 £0.38° 3.49 £0.22°
Ic 1.13 +0.26¢ 0.76 +0.10¢ 2.35+0.35° 0.31+0.08°
Zm 0.60 + 0.24¢ 0.00 + 0.00¢ 0.16 + 0.05° 0.18+0.07¢
Cc 0.19 + 0.06¢ 0.12 + 0.04¢ 0.19 £ 0.09° 0.19 +0.05°

*Data are expressed as mean + standard deviation (n = 3)

*Means in the same column with different superscripts are significantly different at p < 0.05

*Plant species: Jatropha curcas — Jc, Codiaeum variegatum (female) — Cf, Codiaeum variegatum (male) — Cm,
Andropogon tectorium — At, Panicum maximum — PI, Ixora coccinea — Ic, Zea mays — Zm, Cajanus cajan — Cc

The two-factor analysis of variance (ANOVA) was used to examine the effect of the concentration of metal ions and the
harvest time of plants on the absorption of selected metal ions (Pb%*, Cd?*, Co?, and Zn?*) by the plants. Where an
interaction effect exists between concentration and harvest time, a pairwise comparison of means was made using Tukey's
test at a 0.05% significance level. Results with P < 0.05 were considered statistically significant. The analysis was done using
R, version 3.5.3

Table 2. Absorption of Cd?* (mg/kg) by plants at different concentrations and harvest times.

8 Weeks 12 Weeks

Plants 0.1M 0.5M 0.1M 0.5M

Jc 0.05 +0.07¢ 0.42 +0.10° 0.20 £0.18¢ 0.78 £ 0.03¢
Cf 12.79 £ 1.36° 35.23 +1.072 33.09 +4.08? 36.22 £ 3.99°
Cm 2.44 +0.50° 3.03 £0.34¢ 3.05 +0.08° 3.88+£0.71¢
At 2.43+£0.63° 14.76 + 0.60° 6.11 +£0.58° 1.88 +0.36¢
PI 5.21 £0.97° 0.26 £0.17¢ 1.55 +0.20° 1.60 +0.28¢
Ic 1.39 £0.74° 9.40 + 0.58¢ 0.36 £0.10¢ 27.71 + 4.74°
Zm 0.02 +0.01¢ 0.16 £ 0.08° 0.01+0.01° 0.01+0.00°
Cc 0.01 +0.01¢ 0.19 £ 0.06° 0.06 £0.05¢ 0.05+0.03¢

*Data are expressed as means + standard deviation (n = 3)

*Means in the same column with different superscripts are significantly different at p < 0.05
*Plant species: Jatropha curcas — Jc, Codiaeum variegatum (female) — Cf, Codiaeum variegatum (male) — Cm, Andropogon
tectorium — At, Panicum maximum — PI, Ixora coccinea — Ic, Zea mays — Zm, Cajanus cajan — Cc

Table 3. Absorption of Zn?* (mg/kg) by plants at different concentrations and harvest times.

8 Weeks 12 Weeks

Plants 0.1M 0.5M 0.1M 0.5M

Jc 0.15+ 0.09° 0.69+0.15¢ 1.05+0.49¢ 1.16+ 0.14¢
Cf 5.02+ 1.022 10.02+ 0.39? 8.24+ 0.67° 7.37+2.02°
Cm 3.90+ 0.89° 10.00+ 0.272 9.33£0.472 10.10+ 0.39?
At 4,55+ 1.19 5.35+ 1.26° 7.67+0.75° 9.79+ 0.38?
Pl 4.68+ 0.48? 8.43+1.17° 7.16+0.73° 9.96+ 0.54°
Ic 1.97+0.36° 8.55+ 0.97° 3.95+0.98¢ 10.96+ 1.45°
Zm 3.88 +£0.80° 3.06 +0.96¢ 0.54 +0.21¢ 0.40 £ 0.25°¢
Cc 3.02 +£0.09° 2.10 +0.38° 1.65+0.12¢ 1.44 +0.42°

*Data are expressed as means + standard deviation (n = 3)
*Means in the same column with different superscripts are significantly different at p < 0.05
*Plant species: Jatropha curcas — Jc, Codiaeum variegatum (female) — Cf, Codiaeum variegatum (male) — Cm, Andropogon
tectorium — At, Panicum maximum — PI, Ixora coccinea — Ic, Zea mays — Zm, Cajanus cajan — Cc

Table 4. Absorption of Co?* (mg/kg) by plants at different concentrations and harvest times.
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8 Weeks 12 Weeks

Plants 0.1M 0.5M 0.1M 0.5M

Jc 0.06 + 0.05° 0.15 +0.09¢ 0.81+0.60° 0.60 +0.14¢
Cf 1.31+£0.03° 13.29 +1.94° 3.05+0.58° 19.75+0.632
Cm 1.02 +1.02° 0.49 +0.04¢ 1.56 +0.31° 2.47 £0.52¢
At 0.82 +0.25° 1.54 +0.33¢ 2.83 £0.442 2.29 £0.28°
PI 6.07 £ 1.452 4.20 £ 0.48° 0.82 +£0.38° 0.99 +0.03¢
Ic 1.15+0.32° 20.37 £ 2.05% 3.66 + 0.50? 13.12 +0.67°
Zm 0.01 +£0.02° 0.04 +0.03¢ 0.06 £0.01° 0.13 +£0.05¢
Cc 0.06 +0.03° 0.02 +0.02¢ 0.04 £ 0.01° 0.06 +0.03¢

*Data are expressed as means + standard deviation (n = 3)

*Means in the same column with different superscripts are significantly different at p < 0.05
*Plant species: Jatropha curcas — Jc, Codiaeum variegatum (female) — Cf, Codiaeum variegatum (male) — Cm, Andropogon
tectorium — At, Panicum maximum — PI, Ixora coccinea — Ic, Zea mays — Zm, Cajanus cajan — Cc

3.2. Effects of concentration and harvest time on
Pb?* absorption by Jc Plant

The observed interaction  effect  between
concentration and time of harvest implies that the
absorption of Pb? by Jc plant at a given
concentration depends on the harvest time. The
highest Pb?* absorption (1.85 mg/kg) was observed
at 0.5M concentration in Jc plants harvested on week

8. This was significantly higher than the absorption
observed at 0.5M concentration in Jc plants
harvested on week 8(0.35 mg/kg) and at 0.1M and
0.5M concentrations in Jc plants harvested on week
12(0.59 mg/kg and 0.69 mg/kg, respectively), which
were not significantly different (Figure 1). Jatropha
curcas had earlier been reported to be a suitable
sorbent of lead ions in an aqueous solution .
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Figure 1. Effect of concentration and harvest time on Pb?* absorption by Jc Plant
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Figure 2. Effect of concentration and harvest time on Pb?* absorption by Cf Plant

3.3. Effects of concentration and harvest time on
Pb?* absorption by Cf Plant

The observed interaction between concentration and
time of harvest of Cf plants implies that the
absorption of Pb* by Cf plant at a given
concentration depends on the harvest time. Figure 2
shows that the highest Pb?* absorption (9.34 mg/kg)
was observed at 0.5M concentration in Cf plants that
were harvested on week 12. Unsurprisingly, this
plant absorbed this high lead concentration, as lead
in the soil can establish many ionic bonds. It is
categorized as a weak Lewis acid with a strong
covalent character. Lead distribution in the soil is
from combinations of factors that include chemical
processes such as oxidation and reduction reactions,
adsorption of cations on the exchange complex,
chelation by organic matter, metal oxides, and
cycling by vegetation. Because of its strong binding
with organic and colloidal materials, soil lead is
soluble and is available for plant uptake 2*. This was
significantly higher than the absorption observed at
0.5M concentration in Cf plants harvested on week
12 and at 0.1M and 0.5M concentrations in Cf plants
harvested on week 8. The lowest Pb?" absorption
(5.25 mg/kg) was observed at 0.1M concentration in
Cf plants harvested on week 12, which was not

significantly different from the Pb?" absorption (5.9
mg/kg) at 0.1M concentration in Cf plants harvested
on week 8.

3.4. Effects of concentration and harvest time on
Pb?* absorption by Cm Plant

The  observed interaction effect  between
concentration and time of harvest of Cm plants
implies that the absorption of Pb?* by Cm plant at a
given concentration depends on the harvest time.
Figure 3 shows that the highest Pb?* absorption (6.51
mg/kg) was observed at 0.5M concentration in Cm
plants harvested on week 8. This was, however, not
significantly higher than the absorption (5.21 mg/kg)
observed at 0.1M concentration in Cm plants
harvested on week 12. The lowest PbZ*absorption
(2.35 mg/kg) was observed at 0.1M concentration in
Cm plants harvested on week 8, which was not
significantly different from the Pb?* absorption (3.90
mg/kg) at 0.5M concentration in Cm plants
harvested on week 12. Both male and female species
of Codiaeum variegatum exhibited the capacity as
hyperaccumulators of lead. Our result validates the
work of Agustin and Hamidah (2019), who reported
that C. variegatum could potentially be a Pb
emission reduction plant %.
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Figure 3. Effect of concentration and harvest time on Pb?* absorption by Cm Plant

3.5. Effect of concentration and harvest time on
Pb?* absorption by At plant

The observed interaction effect between
concentration and time of harvest of At plants
implies that the absorption of Pb?* by At plants at a
given concentration depends on the harvest time.
Figure 4 shows that the highest Pb* absorption (4.70
mg/kg) was observed at 0.1M concentration in At
plants harvested on week 12. This was significantly
higher than the absorption observed at 0.5M
concentration in At plants harvested on week *? and
at 0.1M and 0.5M concentrations in At plants

At Plant

harvested on week 8. The lowest Pb?* absorption
(0.45 mg/kg) was observed at 0.1M concentration in
At plants harvested on week 8, which was not
significantly different from the Pb?* absorption (0.86
mg/kg) at 0.5M concentration in At plants harvested
on week 8. The led ion's absorption increased with
an increase in concentration at 8 weeks. However,
absorption was decreased at 12 weeks with an
increase in concentration. Another species of
Andropogon- A. gayanus was reported to have
absorbed lead, which aligns with our report %,
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Figure 4. Effect of concentration and harvest time on Pb?* absorption by At plant
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Figure 5. Effect of concentration and harvest time on Pb?* absorption by PI Plant

3.6. Effects of concentration and harvest time on
Pb?* absorption by PI Plant

The observed interaction between concentration and
time of harvest of Pl plants implies that the
absorption of Pb? by Pl plants at a given
concentration depends on the harvest time. Figure 5
shows that the highest Pb?* absorption (4.34 mg/kg)
was observed at 0.1M concentration in Pl plants that
were harvested on week 12. This was significantly
higher than the absorption observed at 0.5M
concentration in Pl plants harvested on week 12 and
at 0.1M concentration in Pl plants harvested on week
8, but not at 0.5M concentration for plants harvested
on week 8. The lowest Pb?* absorption (3.22 mg/kg)
was observed at 0.1M concentration in Pl plants
harvested on week 8, which was not significantly
different from the Pb? absorption at 0.5M
concentration in Pl plants harvested on week 8 and
week 12 (3.88 mg/kg and 3.48 mg/kg, respectively).
Panicum maximum had earlier been reported to be
used in absorbing lead, which aligns with our
findings, as the plants could absorb 4.34 mg/kg of
lead %

3.7. Effects of concentration and harvest time on
Pb?* absorption by Ic Plant

The observed interaction between concentration and
time of harvest of Ic plants implies that the
absorption of Pb? by Ic plants at a given
concentration depends on the harvest time. Figure 6
shows that the highest Pb?* absorption (2.34 mg/kg)
was observed at 0.1M concentration in Ic plants
harvested on week 12. This was significantly higher
than the absorption observed at 0.5M concentration
in Ic plants harvested on week 12 and at 0.1M and
0.5M concentrations in Ic plants harvested on week
8. The lowest Pb?" absorption (0.31 mg/kg) was
observed at 0.5M concentration in Ic plants
harvested on week 12, which was not significantly
different from the Pb?* absorption (0.76 mg/kg) at
0.5M concentration in Ic plants harvested on week 8.
An increase in the concentration of lead ions
decreased the lead ion absorption by Ixora coccinea
at both harvest times. I. coccinea, an ornamental
plant, has the advantage because the flowers may be
reused after remediation %,
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Figure 6. Effect of concentration and harvest time on Pb?* absorption by Ic Plant
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Figure 7. Effect of concentration and harvest time on Pb?* absorption by Zm Plant

3.8. Effects of concentration and harvest time on
Pb?* absorption by Zm Plant

The observed interaction effect  between
concentration and time of harvest implies that the
absorption of Pb?* by the Zm plant at a given
concentration depends on the harvest time. The
highest Pb?* absorption (0.60 mg/kg) was observed
at 0.1 M concentration in Zm plants harvested on
week 8. This was significantly higher than the
absorption observed at 0.5 M concentration in Zm

plants harvested on week 8 (0.003 mg/kg) and at
0.IM and 0.5 M concentrations in Zm plants
harvested on week 12 (0.16 mg/kg and 0.18 mg/kg,
respectively), which were not significantly different
(Figure 7). The absorption of lead by Zea mays
decreased when the concentration was increased
from 0.1M to 0.5M at 8 weeks. Our result is against
the report of Chiwetalu et al. (2020), who reported
that lead absorption by Zea mays increased with
increased lead concentration in the soil °.
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3.9. Effects of concentration and harvest time on
Pb?* absorption by Cc Plant

No interaction effect was observed between the
concentration of ions and the harvest time. Figure 8
shows that concerning the concentration of ions, the
highest Pb?* absorption of 0.19 mg/kg was observed
at 0.1M, which was not significantly different from
that of 0.5M concentration (0.12 mg/kg). Similarly,
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the Pb2* absorption of 0.19 mg/kg recorded in Cc
plants harvested on week 12 was not significantly
higher than the Pb? absorption of 0.12 mg/kg
recorded in plants harvested on week 8. This work
aligns with the report of Chikele and Sharma (2008),
who reported that C. cajan plant could accumulate
lead in lead-inoculated soil .

Time of Harvest (Weeks)

Figure 8. Effect of concentration and harvest time on Pb?* absorption by Cc Plant
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Figure 9. Effect of concentration and harvest time on Cd?* absorption by Jc Plant

3.10. Cadmium lon (Cd?*) Absorption by Plants
3.10.1. Effects of concentration and harvest time
on Cd?* absorption by Jc Plant

The result showed that increased concentration
increased the absorption of cadmium ions at both
harvest times. The Cd?* absorption of 0.42 mg/kg by
Jc plants recorded at 0.5M was significantly higher
than the absorption (0.05 mg/kg) at 0.1M on week 8.

The highest absorption was observed at 0.5 M on
week 12 (Figure 9). J. curcas had earlier been shown
to exhibit the best absorption capability for Cd by
Chang et al. (2014) 3!, which justified the absorption
of the metal ion based on our findings.

3.10.2. Effects of concentration and harvest time
on Cd?* absorption by Cf Plant
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The observed interaction effect  between
concentration and time of harvest implies that the
absorption of Cd** by Cf plants at a given
concentration depends on the harvest time. The
highest Cd?* absorption (36.22 mg/kg) was observed
at 0.1M concentration in Cf plants that were
harvested on week 8. This was significantly higher
than the lowest absorption of 12.79 mg/kg, observed
at 0.1M concentration in Cf plants harvested on
week 8. The highest Cd2+ absorption observed at
0.1M concentration in Cf plants that were harvested
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on week 8 was, however, neither significantly
different from the absorption recorded in Cf plants
that were harvested on week 8 and exposed to 0.5M
concentration nor from that of plants that were
harvested on week 12 and exposed to 0.1M
concentration (Figure 10). The result showed
Codiaeum variegatum as a hyperaccumulator of
cadmium ion. As the metal concentration increased,
the metal ion's absorption increased in both male and
female species.
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Figure 10. Effect of concentration and harvest time on Cd?* absorption by Cf Plant
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Figure 11. Effect of concentration and harvest time on Cd?* absorption by Cm Plant
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3.10.4. Effects of concentration and harvest time
on Cd?* absorption by At plant

The observed interaction effect  between
concentration and time of harvest of At plants
implies that the absorption of Cd?* by At plants at a
given concentration depends on the harvest time.
Figure 12 shows that the highest Cd?* absorption of
14.76 mg/kg was observed at 0.5M concentration in
At plants harvested on week 8. This was
significantly higher than the absorption observed at
0.5M concentration in At plants harvested on week 8

At Plant
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and at 0.1M and 0.5M concentrations in At plants
harvested on week 12. The lowest Cd?* absorption of
1.88 mg/kg was observed at 0.5M concentration in
At plants harvested on week 12, which was not
significantly different from the Cd?* absorption of
2.43 mg/kg in At plants harvested on week 8 and
exposed to 0.5M concentration. As the time of
harvest increased, absorption of cadmium ions
decreased. Andropogon grass has been reported to
have absorbed the metal ion by other authors %,
validating our findings.
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Figure 12. Effect of concentration and harvest time on Cd?* absorption by At Plant

3.10.3. Effects of concentration and harvest time
on Cd?* absorption by Cm Plant

The hyperaccumulating capacity of both species of
Codiaeum variegatum shown from this work is
against the findings of Widyasari et al. (2024), who
reported that C. variegatum is not a
phytoremediation agent for cadmium *. Cadmium
ions are absorbed more with an increase in the
concentration. The highest absorption of cadmium
ion (3.88 mg/kg) was observed at 0.5 M at week 12,
whereas the lowest absorption was 2.44 mg/kg. The
absorption at 0.5 M at 8 weeks is significantly higher
thanat 0.1 M at the same harvest time (Figure 11).

3.10.5. Effects of concentration and harvest time
on Cd?*absorption by Pl Plant

The observed interaction effect  between
concentration and time of harvest implies that the
absorption of Cd?* by PI plant at a given
concentration depends on the harvest time. The
highest Cd?* absorption of 5.21 mg/kg was observed
in Pl plants harvested on week 8 and exposed to
0.1M concentration. This was significantly higher
than the absorptions observed at 0.5M concentration
in Pl plants that were harvested on week 8 (0.26
mg/kg) and at 0.1M and 0.5M concentrations in Pl
plants that were harvested on week 12 (1.55 mg/kg
and 1.60 mg/kg, respectively), which were not
significantly different (Figure 13). The cadmium
absorption by P. maximum was unsurprising as some
authors had earlier supported our findings 3435,
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Figure 14. Effect of concentration and harvest time on Cd?* absorption by Ic Plant

3.10.6. Effects of concentration and harvest time
on Cd?* absorption by Ic Plant

The observed interaction effect  between
concentration and time of harvest of Ic plants implies
that the absorption of Cd?* by Ic plants at a given
concentration depends on the harvest time. Figure 14
shows that the highest Cd?" absorption of 27.71
mg/kg was observed in Ic plants harvested on week
12 and exposed to 0.5M concentration. This was
significantly higher than the absorption observed at

0.1M concentration in Ic plants harvested on week
12 and at 0.1M and 0.5M concentrations in Ic plants
harvested on week 8. The lowest Cd?* absorption of
0.36 mg/kg was observed at 0.1M concentration in Ic
plants that were harvested on week 12, which was
not significantly different from the Cd?* absorption
of 1.39 mg/kg in Ic plants that were harvested on
week 8 and exposed to 0.1M concentration. An
increase in the concentration of cadmium ions
increased the absorption of the metal ion. At 0.5 M,
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I. coccinea absorbed up to 27.71 mg/kg of the metal
ion at 12 weeks. Consequently, I. coccinea could be
regarded as a hyperaccumulating agent of cadmium
ion. Our work validated the report of Ching et al.
(2013) %,

3.10.7. Effects of concentration and harvest time
on Cd?" absorption by Zm Plant

The observed interaction  effect  between
concentration and time of harvest implies that the
absorption of Cd?* by Zm plants at a given
concentration depends on the harvest time. The
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highest Cd?* absorption of 0.16 mg/kg was observed
in Zm plants harvested on week 8 and exposed to
0.5M concentration. This was significantly higher
than the absorptions observed at 0.1M concentration
in Zm plants that were harvested on week 8 (0.02
mg/kg) and at 0.1M and 0.5M concentrations in Zm
plants that were harvested on week 12 (0.02 mg/kg
and 0.01 mg/kg, respectively), which were not
significantly different (Figure 15). Z. mays was
earlier reported to be hyperaccumulator of cadmium
by some researchers *'.
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Figure 15. Effect of concentration and harvest time on Cd?* absorption by Zm Plant
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Figure 16. Effect of concentration and harvest time on Cd?* absorption by Cc Plant
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3.10.8. Effects of concentration and harvest time
on Cd?* absorption by Cc Plant

The observed interaction effect  between
concentration and time of harvest implies that the
absorption of Cd?>* by Cc plants at a given
concentration depends on the harvest time. The
highest Cd?* absorption of 0.19 mg/kg was observed
in Cc plants harvested on week 8 and exposed to
0.5M concentration. This was significantly higher
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than the absorptions observed at 0.1M concentration
in Cc plants that were harvested on week 8 (0.01
mg/kg) and at 0.1M and 0.5M concentrations in Cc
plants that were harvested on week 12 (0.06 mg/kg
and 0.05 mg/kg, respectively), which were not
significantly different (Figure 16). Cajanus cajan
absorbed cadmium ions in low concentrations C.
cajan has been reported as a potential
phytoremediation agent for cadmium 3.
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Figure 17. Effect of concentration and harvest time on Co?* absorption by Jc Plant

3.11. Cobalt lon (Co?*) Absorption by Plants
3.11.1. Effects of concentration and harvest time
on Co?* absorption by Jc Plant

No interaction effect was observed between the
concentration of ions and the harvest time. Figure 17
shows that concerning the concentration of ions, the
highest Co2+ absorption of 0.81 mg/kg was
observed at 0.1M over 12 weeks, which was t
significantly  different from that of 0.5M
concentration (0.60 mg/kg). Conversely, the Co?
absorption of 0.06 mg/kg recorded in Jc plants
harvested on week 8 was significantly lower than the
Co?* absorption of 0.81 mg/kg recorded in plants
harvested on week 12. At week 8, an increase in
concentration increased the absorption of cobalt ions
by J. curcas; however, as the harvest time was
increased to 12 weeks, an increase in the
concentration of metal ions decreased the absorption
of the metal ion. It has been shown that Co at lower
concentrations (>200 mg kg-1) favors the gas

exchange parameters and photosynthetic

pigmentation in J. curcas .

3.11.2. Effects of concentration and harvest time
on Co?* absorption by Cf Plant

The observed interaction between concentration and
time of harvest of Cf plants implies that the
absorption of Co?* by Cf plants at a given
concentration depends on the harvest time. Figure 18
shows that the highest Co?* absorption of 19.75
mg/kg was observed in Cf plants harvested on week
12 and exposed to 0.5M concentration. This was
significantly higher than the absorption observed at
0.1M concentration in Cf plants harvested on week
12 and at 0.1M and 0.5M concentrations in Cf plants
harvested on week 8. The lowest Co?* absorption of
1.31 mg/kg was observed at 0.1M concentration in
Cf plants that were harvested on week 8, which was
not significantly different from the Co?* absorption
of 3.05 mg/kg in Cf plants that were harvested on
week 12 and exposed to 0.1M concentration.



Mediterr.J.Chem., 2025, 15(1)

C. Anarado et al.

90

Cf Plant
8 Weeks 12 Weeks
a b a C

20 1 =
™
g
Th
E
+ 197 Concentration
S (mg/kg)
O
5 ES 0.1m

10
IS =0
2
L]
[13]
o
c:i L

]
E——
I:l T T T T
0.1 0.5 0.1 0.5

Concentration (mg/kg)

Figure 18. Effect of concentration and harvest time on Co?* absorption by Cf Plant

3.11.3. Effects of concentration and harvest time
on Co?* absorption by Cm Plant

No interaction effect was observed between the
concentration of ions and the harvest time. Figure 19
shows that, concerning the concentration of ions, the
highest Co2+ absorption of 2.47 mg/kg was

Cm Plant
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observed at 0.5M on week 12, significantly different
from that of 0.1M concentration (1.56 mg/kg). On
the other hand, the Co?* absorption of 1.02 mg/kg
recorded in Cm plants that were harvested on week 8
was significantly lower than the Co?* absorption of
1.56 mg/kg recorded in plants harvested on week 12.
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Figure 19. Effect of concentration and harvest time on Co?* absorption by Cm Plant

3.11.4. Effects of concentration and harvest time
on Co?* absorption by At plant

The observed interaction effect  between

concentration and time of harvest of At plants

implies that the absorption of Co?* by At plants at a

given concentration depends on the harvest time.

Figure 20 shows that the highest Co?* absorption
(2.83 mg/kg) was observed at 0.1M concentration in
At plants that were harvested on week 12. This was,
however, not significantly higher than the absorption
(2.29 mg/kg) observed at 0.5M concentration in At
plants that were harvested on week 12. The lowest
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Pb2* absorption (0.82 mg/kg) was observed at 0.1M
concentration in At plants that were harvested on
week 8, which was not significantly different from
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the Co?" absorption (1.54 mg/kg) at 0.5M
concentration in At plants harvested on week 8.
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Figure 20. Effect of concentration and harvest time on Co?* absorption by At plant

3.11.5. Effects of concentration and harvest time
on Co?*absorption by PI Plant

The concentration of ions and the time of harvest
had no interaction effect. Figure 21 shows that,
concerning the concentration of ions, the highest
Co2+ absorption of 6.07 mg/kg was observed at
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0.1M, significantly different from that of 0.5M
concentration (4.20 mg/kg). On the other hand, the
Co?* absorption of 0.82 mg/kg recorded in Pl plants
harvested on week 12 was significantly lower than
the Co2+ absorption of 4.20 mg/kg recorded in
plants harvested on week 8.
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Figure 21. Effect of concentration and harvest time on Co?* absorption by Pl Plant
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Figure 22. Effect of concentration and harvest time on Co?* absorption by Ic Plant

3.11.6. Effects of concentration and harvest time
on Co?* absorption by Ic Plant
The observed interaction effect between
concentration and time of harvest of Ic plants implies
that the absorption of Co?* by Ic plants at a given
concentration depends on the harvest time. Figure 22
shows that the highest Co?" absorption of 20.37
mg/kg was observed in Ic plants harvested on week
8 and exposed to 0.5M concentration. This was
significantly higher than the absorption observed at
0.1M concentration in Ic plants harvested on week 8
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and at 0.1M and 0.5M concentrations in Ic plants
harvested on week 12. The lowest Co?* absorption of
1.15 mg/kg was observed at 0.1M concentration in Ic
plants that were harvested on week 8, which was not
significantly different from the Co?* absorption of
3.65 mg/kg in Ic plants that were harvested on week
12 and exposed to 0.1M concentration. At a high
concentration of 0.5 M, I. coccinea absorbed cobalt
up to 20 mg/kg, so at a high concentration, I.
coccinea could be a hyperaccumulating agent for
cobalt.
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Figure 23. Effect of concentration and harvest time on Co?* absorption by Zm Plant
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3.11.7. Effects of concentration and harvest time
on Co?* absorption by Zm Plant
No interaction effect was observed between the
concentration of Co?* and the time of harvest. The
Co?* absorption of 0.13 mg/kg by Zm plants
recorded at 0.5M concentration was significantly
higher than that of 0.06 mg/kg observed at 0.1M
concentration. Concerning the harvest time, Zm
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plants that were harvested on week 12 had a
significantly higher Co2+ absorption than those
harvested on week 8 (Figure 23). The low absorption
of cobalt was earlier reported to be beneficial to Z.
mays as cobalt was said to be an essential
micronutrient “°. and could be helpful for plant
growth L,
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Figure 24. Effect of concentration and harvest time on Co?* absorption by Cc Plant
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Figure 25. Effect of concentration and harvest time on Zn?* absorption by Jc Plant

3.11.8. Effect of concentration and harvest time
on Co?* absorption by Cc Plant

Figure 24 shows that, for the concentration of ion,

the highest Co?* absorption of 0.06 mg/kg was

observed at 0.1M and 0.5 M at 8 and 12 weeks,

respectively, which was not significantly different
from that of 0.5M concentration (0.02 mg/kg) at 8
weeks. Similarly, the Co?* absorption of 0.04 mg/kg
recorded in Cc plants harvested on week 12 was not
significantly higher than the Co?* absorption of 0.02
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mg/kg recorded in plants harvested on week 8. It was
observed that C. cajan absorbed cobalt in a very high
concentration and cannot be a phytoremediation
agent for cobalt.

3.12.  Zinc lon (Zn?*) Absorption by Plants

3.12.1. Effects of concentration and harvest time
on Zn?* absorption by Jc Plant

Figure 25 shows that, for the ion concentration, the

highest Zn?* absorption of 1.16 mg/kg was observed

Cf Plant
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at 0.5M, which was not significantly different from
that of 0.1M concentration (0.15 mg/kg). On the
other hand, the Zn?* absorption of 1.05 mg/kg
recorded in Jc plants harvested on week 12 was
significantly higher than the Zn2+ absorption of 0.15
mg/kg recorded in plants harvested on week 8. At
both harvest times, an increase in the concentration
of zinc ions increased the absorption. J. curcas
reportedly absorbed zinc in the root part “2.
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Figure 26. Effect of concentration and harvest time on Zn?* absorption by Cf Plant
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3.12.2. Effects of concentration and harvest time
on Zn?* absorption by Cf Plant

The observed interaction between concentration and

time of harvest of Cf plants implies that the

absorption of Zn** by Cf plants at a given
concentration depends on the harvest time. Figure 26
shows that the highest Zn?* absorption (10.02
mg/kg) was observed at 0.5M concentration in Cf
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plants that were harvested on week 8. This was
significantly higher than the absorption observed at
0.1M concentration in Cf plants harvested on week
8, but not at 0.1M and 0.5M concentrations for Cf
plants harvested on week 12. The lowest Zn?
absorption of 5.02 mg/kg recorded in Cf plants that
were harvested on week 8 was not significantly
different from the Zn?* absorption of 7.38 recorded
at 0.5M concentration in plants harvested on week
12.

3.12.3. Effects of concentration and harvest time
on Zn?" absorption by Cm Plant
The observed interaction  effect between
concentration and time of harvest implies that the
absorption of Zn?* by Cm plants at a given
concentration depends on the harvest time. The
highest Zn?* absorption (10.10 mg/kg) was observed
at 0.5M concentration in Cm plants that were
harvested on week 12. This was significantly higher
than the lowest absorption of 3.90 mg/kg, observed
at 0.1M concentration in Cm plants harvested on
week 8. The highest Zn?* absorption observed at
0.5M concentration in Cm plants that were harvested
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on week 12 was, however, neither significantly
different from the absorption recorded in Cm plants
that were harvested on week 12 and exposed to 0.1M
concentration nor from that of plants that were
harvested on week 8 and exposed to 0.5M
concentration (Figure 27). The high zinc absorption
is in line with the work of Okunlola et al. (2021),
who reported the phytoremediation of zinc by the
plant *,

3.12.4. Effects of concentration and harvest time
on Zn?* absorption by At plant

No interaction effect was observed between
concentration and time of harvest. The Zn?
absorption of 9.79 mg/kg by At plants recorded at
0.5M concentration was significantly higher than
that of 7.67 mg/kg observed at 0.1M concentration at
week 12, concerning harvest time, At plants that
were harvested on week 12 had a significantly higher
Zn?* absorption of 9.79 mg/kg than plants harvested
on week 8, which had an absorption of 5.35 mg/kg
(Figure 28). The metal ion absorption by A.
tectorium was increased as the zinc ion
concentration was increased at both harvest times.
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Figure 28. Effect of concentration and harvest time on Zn?* absorption by At plant

3.12.5. Effects of concentration and harvest time
on Zn%*absorption by PI Plant
The Zn?* absorption of 9.96 mg/kg by Pl plants
recorded at 0.5M concentration was significantly
higher than that of 7.16 mg/kg observed at 0.1M
concentration. Concerning the harvest time, a
significant difference was observed between the
highest absorption of 9.96 mg/kg recorded in week
12 Pl plants and week 8 plants, with an absorption of

8.43 mg/kg (Figure 29). P. maximum has been
reported to have absorbed 5.08 mg/kg of zinc
around Selected Industries in Lagos
State, Nigeria. The absorption of zinc ions is in
line with the authors' report 4. The zinc absorption
by P. maximum is also in line with the earlier work
on the metal ion absorption by the plant in Rivers
State, Nigeria .
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Figure 29. Effect of concentration and harvest time on Zn?* absorption by Pl Plant

3.12.6. Effects of concentration and harvest time
on Zn?* absorption by Ic Plant

The Zn?* absorption of 10.96 mg/kg by Ic plants

recorded at 0.5M concentration was significantly

higher than that of 3.95 mg/kg observed at 0.1M

concentration at week 12. Concerning harvest time,

Ic plants harvested on week 12 had a significantly
higher Zn?* absorption of 10.96 mg/kg than plants
harvested on week 8, which had an absorption of
8.55 mg/kg (Figure 30). As the concentration of zinc
ions was increased, the metal ion absorption
increased at both harvest times.
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Figure 30. Effect of concentration and harvest time on Zn?* absorption by Ic Plant

3.12.7. Effects of concentration and harvest time
on Zn?*absorption by Zm Plant

Figure 31 shows that, concerning the concentration

of ions, the highest Zn2+ absorption of 3.88 mg/kg

was observed at 0.1M, significantly different from

that of 0.5M concentration (3.06 mg/kg) at week 8.
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On the other hand, the Zn?* absorption of 3.06 mg/kg
recorded in Zm plants harvested on week 8 was
significantly higher than the Zn2+ absorption of 0.40
mg/kg recorded in plants harvested on week 12. Z.
mays has also been reported to be a good Zn?
absorber by some researchers “6.
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Figure 31. Effect of concentration and harvest time on Zn?* absorption by Zm Plant

3.12.8. Effects of concentration and harvest time
on Zn?* absorption by Cc Plant

The Zn?* absorption of 3.02 mg/kg by Cc plants

recorded at 0.1M concentration was significantly

higher than that of 2.10 mg/kg observed at 0.5M

concentration at week 8. Concerning harvest time,

Cc plants harvested on week 8 had a significantly
higher Zn?* absorption of 2.10 mg/kg than plants
harvested on week 12, which had an absorption of
1.44 mg/kg (Figure 32). Absorption of zinc ion by C.
cajan decreased as the concentration of the metal ion
increased.
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Figure 32. Effect of concentration and harvest time on Zn?* absorption by Cc Plant
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Figure 36. The mean concentration of Zn?* in plant species

Comparing the mean concentrations of Pb?*, Cd?*,
Co?* and Zn?* in all the plant species (Figures 33-
36), it was observed that at concentration of 0.1M at
8 weeks, Cf plant absorbed Pb?* the most followed
by PI, the Cm plants. Cc plant absorbed the least. At
12 weeks, same concentration, Cf and Cm plants
absorbed the most, Zm absorbed the least. At the
concentration of 0.5M at both 0.1M and 0.5M
concentrations, both Cf and Cm plants showed
greater absorption than all other plant species.

Comparison was also made on the absorption of
Cd?* by all the plant species, the order of absorption

at 0.IM and 0.5M at both harvest times was
observed to be: Cf >Ic >At >Cm >PI| >Jc >Cc >Zm.
In contrast, the order of absorption of Co?* at both
concentrations at both harvest times was observed to
be: Ic >Cf>Pl >At >Cm >Jc >Cc >Zm.

Zn?* was most absorbed by At Cf plants, and Cc and
Zm plants absorbed the least. The low absorption of
all the metal ions by Cc and Zm plants could be seen
as good since both plants are edible plants consumed
by humans.

Conclusion
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The concentrations of the metal ions inoculated with,
as well as the time of harvest, played critical roles in
the absorption of the metals by the plants. The
flowering plants- Codiaeum variagatum (male and
female) and Ixora coceinea showed better absorption
of the metal ions than all other plants. The potential
demonstrated by the flowering plants indicated that
they could serve both aesthetic and phytoremediation
functions at the same time.

The authors declare no competing interest in this
work.

References

1.J. Yoon, X. Cao, Q. Zhou, L.Q. Ma,
Accumulation of Pb, Cu and Zn in nature plants
growing on a contaminated Florida site, Sci Total
Environ, 2006, 368(2/3), 456-464.

2. C.D. Jadia, M.H. Fulekar, Phytoremediation: The
application of vermicompost to remove zinc,
cadmium, copper, nickel and lead by sunflower
plant, Environ Eng Manag J, 2009, 7(5), 547-
558.

. 1.J. Murphy, J.R. Coats, The capacity of
switchgrass (Panicumvirgatum) to degrade
atrazine in a phytoremediation setting, Environ
Toxicol Chem, 2011, 30, 715-722.

4. W.A. Peer, |.R. Baxter, E.L. Richards, J.L.
Freeman, A.S. Murphy, Phytoremediation and
hyperaccumulator plants, Molecular Biology of
Metal Homeostasis and Detoxification, Berlin,
Germany, 2005, 299-340.

5. D.E. Salt, R.D. Smith, I. Raskin,
Phytoremediation. Annu Rev Plant Physiol Plant
Mol Biol, 1998, 49, 643-668.

6. E. Lombi, F.J. Zhao, S.J. Dunham, S.P. McGrath,
Phytoremediation of heavy metal-contaminated
soils: natural hyperaccumulation versus
chemically enhanced phytoextraction, Journal of
Environmental Quality, 2001, 30, 1919-1926.

. D.E. Salt, 1.J. Pickering, R.C. Prince, D. Gleba, S.
Dushhenkov, R.D. Smith, I. Raskin, Metal
accumulation by aqua cultured seedlings of
Indian mustard, Environmental Science and
Technology, 1997, 31, 1636-1644.

. M.S. Liphadzi, M.B. Kirkham, Phytoremediation
of soil contaminated with heavy metals: a
technology for rehabilitation of the environment,
South African Journal of Botany, 2005, 71(1),
24-37.

. F. Itanna, B. Coulman, Phytoremediation of
copper, iron, manganese and zinc from
environmentally contaminated sites in Ethiopia

w

~

o]

©

C. Anarado et al. 100

with three grass species, Commun Soil Sci Plant
Anal, 2003, 34, 111-124.

10. X. Long, X. Yang, W. Ni, Current situation and
prospect on the remediation of soils
contaminated by heavy metals, The Journal of
Applied Ecology, 2002, 13(6), 757-762.

11.J. Yansi, F.J. Zhao, S.P. McGrath, T. Kosaki,
Effect of soil characteristics on Cd uptake by the
hyperaccumulator Thlaspicaerulescens, Environ
Pollut, 2006, 139(1), 167-175.

12. L. van Nevel, J. Mertens, K. Oorts, K. Verheyen
K. Phytoextraction of metals from soils: How far
from practice? Environ Pollut, 2007, 150(1),
34-40.

13. P. Ahmadpour, F. Ahmadpour, T.M.M.
Mahmud, A. Arifin, M. Soleimani, M, F.T.
Hosseini, Phytoremediation of heavy metals: A
green technology, African Journal of
Biotechnology, 2012, 11(76), 14036-14043.

14. P. Shrestha, K. Belliturk, J.H. Gorres,
Phytoremediation of heavy metal-contaminated
soil by Switchgrass: A comparative study
utilizing different composts and coir fiber on
pollution remediation, plant productivity and
nutrient leaching, International Journal of
Environmental Research and Public Health,
2019, 16, 1261.

15. M. Ghosh, S.P. Singh, A review on
phytoremediation of heavy metals and utilisation
of its by-products, Appl Ecol Environ Res, 2005,
3(1), 1-18.

16. J. Brunet, A. Repellin, G. Varrault, N. Terryn, Y.
Zuily-Fodil, Lead accumulation in the roots of
grass pea (Lathyrussativus L): A novel plant for
phytoremediation systems? Comptes Rendus
Biologies, 2008, 331(11), 859-864.

17. V.M.J. Grispen, H.J.M. Nelissen, J.A.C.
Verkleji, Phytoextraction with Brassicanapus L.:
A tool for sustainable management of heavy
metal contaminated soils, Environ Pollut, 2006,
144(1), 77-83.

18. H. Daghan, A. Schaeffer, R. Fischer, U.
Commandeur, Phytoextraction of cadmium from
contaminated soil using transgenic tobacco
plants, International Journal of Environmental
and Applied Sciences, 2008, 3(5): 336-345.

19. B.M. Zadeh, G.R. Savaghebi-Firozabadi, H.A.
Alikhani, H.M. Hosseni, Effect of sunflower and
amaranthus culture and application of
innoculants on phytoremediation of the soils
contaminated with cadmium, American-Eurasian
Journal of Agriculture and Environmental
Science, 2008, 4(1), 93-103.



Mediterr.J.Chem., 2025, 15(1)

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

D.E. Salt, M. Blaylock, P.R.A. Nanda-Kumar, V.
Dushenkov, B.D. Ensley, I. Chet, I. Raskin,
Phytoremediation: A novel strategy for the
removal of toxic metals from the environment
using plants. Biotechnol., 1995, 13, 468-474.
Y.L. Zhu, A.M. Zayed, J.H. Qian, M. de Souza,
N. Terry, Phytoaccumulation of trace elements
by wetland plants: Water hyacinth, J. Environ.
Qual, 1999, 28(1), 339-344.

C.E. Anarado, C.J.O. Anarado, M.O. Okeke,
C.E. Ezeh, N.L. Umedum, P.C. Okafor, Leafy
Vegetables as Potential Pathways to Heavy Metal
Hazards. Journal of Agricultural Chemistry and
Environment, 2019, 8, 23-32.
https://doi.org/10.4236/jacen.2019.81003

B. Shi, W. Zuo, J. Zhang, H. Tong, J. Zhao,
Removal of Lead(ll) lons from Aqueous Solution
Using Jatropha curcas L. Seed Husk Ash as a
Biosorbent. Journal of Environmental Quality,
2016, 45, 984-992.
https://doi.org/10.2134/jeq2014.12.0533

S. Collin, A. Baskar, D.M. Geevarghese,

M.N.V.S. Ali, P. Bahubali, R. Choudhary, V.
Lvov, G.I. Tovar, F. Senatov, S. Koppala, S.
Swamiappan, Bioaccumulation of lead (Pb) and
its effects in plants: A review, Journal of
Hazardous Materials Letters, 2022, 3,
https://doi.org/10.1016/j.hazl.2022.100064.
R.E. Agustin, G. Hamidah, 2019, IOP Conf. Ser.:
Earth Environ. Sci, 2019, 259 012006,
doi:10.1088/1755-1315/259/1/012006

M.Y. Sharhabil, I. Oyema, N. Abdu,
Accumulation of heavy metals by gamba grass
(Andropogon gayanus) due to artisanal gold
mining in Zamfara State, Nigeria, 2021,
D0i:10.36265/colsssn.2020.4474.

A. Messou, P. Ouattara, F. Zahui, L. Coulibaly,
Influence of Lead and Cadmium Concentration
on the Accumulation Capacity of Panicum
maximum, Open Journal of Soil Science, 2022,
12, 490-502. doi: 10.4236/0jss.2022.1210020.
N. Shiomi, An assessment of the Causes of Lead
Pollution and the Efficiency of Bioremediation
by Plants and Microorganisms, InTech, 2015,
doi: 10.5772/60802.

U.J. Chiwetalu, C.C. Mbajiorgu, N.J. Ogbuagu,
Remedial ability of maize (Zea-Mays) on lead
contamination under potted condition and non-
potted field soil condition, Journal of
Bioresources and Bioproducts, 2020, 5(1), 51-59.
https://doi.org/10.1016/j.jobab.2020.03.006

S.J. Chikile, R. Sharma, Bioaccumulation of
heavy metals in Pigeon pea (Cajanus cajan (L).,
Poll Res, 2008, 27(3).

C. Anarado et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

101

F.C. Chang, C.H. Ko, M.J. Tsai, Y.N. Wang,
C.Y. Chung, Phytoremediation of heavy metal
contaminated soil by Jatropha

curcas, Ecotoxicology (London, England), 2014,
23(10), 1969-1978.
https://doi.org/10.1007/s10646-014-1343-2.
N.L. Widyasari, I.N. Rai, 1.G.B. Sila-Dharma,
M.S. Sudiana, Study of controlling the contentof
Pb, Cu, Cd, and Cr in soils using
hyperaccumulator plants, Journal of Degraded
and Mining Lands Management, 2024, 11(2),
5159-5167. doi:10.15243/jdmIm.2024.112.5159.
P. Ribeiro, G. Martins, C. Moreira, C. Oliveira,
M. Andrade, T. Sales, W. Chagas, C. Labory, de
Carvalho, L. Guilherme, L. Interactions of
cadmium and zinc in high zinc tolerant native
species Andropogon gayanus cultivated in
hydroponics: growth endpoints, metal
bioaccumulation, and ultrastructural analysis,
Environmental Science and Pollution Research,
2020, 27, 1-14. 10.1007/s11356-020-10183-7.
S. Torbati, B.A. Kangarloei, A. Khataee,
Bioconcentration of heavy metals by three plant
species growing in Golmarz wetland, in
northwestern Iran: The plants antioxidant
responses to metal pollutions, Environmental
Technology & Innovation, 2021, 24.
https://doi.org/10.1016/j.eti.2021.101804

H. Coulibaly, P. Ouattara, A. Messou, L.
Coulibaly, Phytoextraction of Trace Metals (Cd,
Ni and Pb) by Panicum maximum Grown on
Natural Soil. Open Journal of Applied

Sciences, 2021, 11, 929-945.

doi: 10.4236/0japps.2021.118068.

J. Ching, C. Bandelaria, A. Mercurio, Uptake
and distribution of copper and cadmium in three
around the perimeter of an industrial subdivision
in the city of dasmarifias, Continental journal of
biological sciences, 2013, 6, 49-55.
10.5707/cjbiolsci.2013.6.2.49.55

M. Wang, J. Zou, X. Duan, W. Jiang, D. Liu,
Cadmium accumulation and its effects on metal
uptake in maize (Zea mays L.), Bioresource
Technology, 2007, 98(1), 82-88.
https://doi.org/10.1016/j.biortech.2005.11.028
V. Meena, M.L. Dotaniya, B.P. Meena, H. and
Das, Phytoremediation: A plant-based
remediation technology to clean up the
contaminants, Indian Farming, 2019, 69(07),
02-05.

K.K. Patra, D. Oberoi, R.K. Joshi, R. Prasad,
D.D. Pandey, Changes of Photosynthetic
Parameters in Jatropha curcas L. Leaves under



https://doi.org/10.4236/jacen.2019.81003
https://doi.org/10.2134/jeq2014.12.0533
https://doi.org/10.1016/j.hazl.2022.100064
https://doi.org/10.4236/ojss.2022.1210020
https://doi.org/10.1016/j.jobab.2020.03.006
https://doi.org/10.1007/s10646-014-1343-2
https://doi.org/10.1016/j.eti.2021.101804
https://doi.org/10.4236/ojapps.2021.118068
https://doi.org/10.1016/j.biortech.2005.11.028

Mediterr.J.Chem., 2025, 15(1)

Cobalt Stress, International Journal of Plant and
Environment, 2019, 5(4), 278-283.

40. H. Xiu, W. Xiangying, L. Jie , C. Jianjun,
Cobalt: An Essential Micronutrient for Plant
Growth?, Frontiers in Plant Science, 2021, 12.
D0i:10.3389/fpls.2021.768523

41. A.M.S. Elshamly, S.M.A. Nassar, The Impacts
of Applying Cobalt and Chitosan with Various
Water Irrigation Schemes at Different Growth
Stages of Corn on Macronutrient Uptake, Yield,
and Water Use Efficiency, Journal of Soil
Science and Plant Nutrition, 2023, 23,
2770-2785.
https://doi.org/10.1007/s42729-023-01233-3

42. P. Borah, E.R. Rene, L. Rangan, S. Mitra,
Phytoremediation of nickel and zinc using
Jatropha curcas and Pongamia pinnata from the
soils contaminated by municipal solid wastes and
paper mill wastes, Environmental Research,
2023.
https://doi.org/10.1016/j.envres.2022.115055

43. A.l. Okunlola, D.N. Arije, K.O. Olajugbagbe,
Evaluation of Ornamental Plants for
Phytoremediation of Contaminated Soil.

C. Anarado et al. 102

IntechOpen, 2021.
doi: 10.5772/intechopen.93163

44. A. Adesuyi, K. Njoku, M. Akinola, Assessment
of Heavy Metals Pollution in Soils and
Vegetation around Selected Industries in Lagos
State,

Nigeria, Journal of Geoscience and Environment
Protection, 2015, 3, 11-19.
doi: 10.4236/gep.2015.37002

45. M.C. Onojake, N.N. Enukoha, Bioconcentration
of some trace metals in panicum maximum and
colocaesia esculenta from two automobile
workshops in choba and alakahia, Obio-akpor
local government area, Rivers State, Nigeria,
Scientia Africana, 2018, 17(2), 1-7.

46. T. Abedi, S. Gavanji, A. Mojiri, Lead and zinc
uptake and toxicity in maize and their
management. Plants (Basel, Switzerland), 2022,
11(15), 1922.
https://doi.org/10.3390/plants11151922.



https://doi.org/10.1007/s42729-023-01233-3
https://doi.org/10.1016/j.envres.2022.115055
http://dx.doi.org/10.4236/gep.2015.37002
https://doi.org/10.3390/plants11151922

