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Abstract

Industrialization is on the increase and so is global warming, the adverse effect of man’s quest for a stress free life. The
pollutants associated with industrialization are numerous including heavy metals (HM). Worrisome is the alarming increase
and non-biodegradability of HM in the environment. Other methods of decontamination are relatively cost intensive, tasking
and require technical knowledge. The need to reclaim the environment calls for a green approach. Laportea aestuans and
Sclerocarpus africana prove promising as phytoremediators. This study employed Laportea aestuans and Sclerocarpus
africana as test decontaminants of HM at a mechanic workshop (site 1) comparative to a physically non-contaminated site
(site 2-control). Findings show high level of HM in site 1 and that the plants especially Sclerocarpus Africana is good for
remediation of HM contaminated sites in Benue state. The test plants accumulated more HM in leaves and roots suggesting they
use Phytoextraction, phytostabilization and phytovolatilization as mechanisms of remediation. Using the >1< classification
scale of phytoaccumlators, both Laportea aestuans and Sclerocarpus africana are considered Hyperaccumulators. The plants
and HM generally presented an order of concentration and bioaccumulation as: Sclerocarpus africana > Laportea aestuans and
Zn > Fe > Pb > Cu > Cd > Cr > Ni was the highest concentrating metals. Though promising, further studies involving isotopic
labeling to determine mechanism of remediation is necessary.

KeyWOI‘dS: Bioaccumulation; Phytoremediation; Heavy metals; Contamination

Abbreviations: BAF: Bioaccumulation Factor; TF: of the adverse effects [1,2]. Despite the wide range of these

Translocation Factor; HM: Heavy Metal; ASS: Atomic
Absorption Spectrophotometer; ANOVA: One Way Analysis
of Variance.

Introduction

Industrialization and other development related
activities though beneficial have witnessed pollution as one
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pollutants with combustibles and putrescible substances,
Hazardous waste, explosives, petroleum products and heavy
metal (HM) as examples, organic and inorganic compounds
is a common classification for them. HM which belong to the
inorganic class has witnessed a great patronage from the
scientific research community due to challenges associated
with its decontamination from polluted sites.
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Physicochemical and biological approaches have been
the general process used by researchers to decontaminate
the environment i.e to remove, contain or render pollutants
harmless. Whereas the physicochemical approaches use
non-living organisms to clear pollutants, the biological
approaches use only living things such as microorganisms
and plants. When the latter is utilized, the process is called
phytoremediation [3,4]. It involves the use of special type
of plants to decontaminate soil by inactivating metals
in the rhizosphere or trans-locating them in the aerial
parts. It is new, cheaper, eco-friendly and highly promising
than physicochemical approaches [4-6]. Depending
on the underlying processes, applicability, and type of
contaminant, Phytoremediation can be broadly categorized
as: phytodegradation, phytostimulation, phytovolatilization,
Phytoextraction, rhizofiltration, and phytostabilisation. Any
of these mechanism or more can be adopted by a plant per
time in contaminated soil or water to either stabilize or
remove the metals from the soil and groundwater [5,6].

Bioaccumulation refers to the increase in the level of
xenobiotic (a particular chemical) in any organism overtime
especially when compared to the level of the xenobiotic
in the environment. Bioaccumulation factor (BAF) and
translocation factor (TF) are good example among many
parameters used to evaluate plant phytoremediation
potential. A BAF value higher than one indicates that a
plant is a hyperaccumulator, whereas a value less than
one is indicative of an excluder. TF value determines plant
efficiency in heavy metals translocation from the root to the
shoot. A plant is considered efficient in metal translocation
from root to shoot when TF is higher than one; this is due
to an efficient metal transport system. TF values less than
one, however, indicate ineffective metal transfer suggesting
that these types of plants accumulate metals in the roots and
rhizomes more than in shoots or the leaves [3,7].

Laportea Aestuans and Sclerocarpus Africana are
common plants to Africa and Asia and have proven to be of
great benefit to man in various ways such as animals pasture,
folk medicine, pest control, horticulture. Both plants have
been reported to strive under varied conditions including
polluted sites. However there is paucity of knowledge on
their ability as phytoremediators of HM contaminated soil
[8-13]. Hence, this study is aimed at ascertaining if Laportea
aestuans and Sclerocarpus africana can be utilized as
phytoremediators of HM polluted sites.

Materials and Methods

Study of Sites

a. Site 1 is the Apir auto mechanic workshop located along
the Makurdi-Otukpo road.
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b. Site 2 is an open field which is located at the
commissioner’s quarters along Makurdi-Otukpo road.
(control)

Sample Collection and Preparation

Laportea aestuans and Sclerocarpus africana samples
were collected from sites 1 and 2 and washed under running
tap water to remove adhered soil and were then separated
into parts including leaves, roots, and stem. Oven drying with
a thermal electrostatic oven (DHG-9202-40) was done at
80°C for 48 h. The dried sample were ground using a Linsan®
blending machine (Lin 319), and sieved with 2 mm mesh
sieve before transferring to polyethylene bags for storage on
till further analyses. Surface soil sample (0-15 cm depth) was
sampled by hand auger (2.5 cm diameter) from sites 1 and
2. The collected soil sample taken to the laboratory for oven
drying (DHG-9202-40) comprised of a composite of three
sub samples obtained from a 1 x 1 meter square distance.

Determination of Heavy metals in Plant Species
and soil at sample site 1 and 2

The concentration of HM in the soil samples was
determined using Atomic Absorption Spectrophotometer
(AAS) at the National Institute for Chemical Research
Technology, Zaria. Before triplicate analysis of samples with
the AAS, the samples were digested and preserved for further
analysis. An aqua regia wet method of digestion as described
by Ang and Lee [14] was used. To 1 g of dried and sieved
sample, 18 ml of a fresh mixture of hydrochloric acid and
nitric acid in the ratio of 3:2 was added and the mixture was
boiled over a water bath (95°C). After complete digestion, the
residue was made up to 50 ml with distilled water.

Bioaccumulation factor (BAF)

BAF in this study was determined as the ratio of the
concentration of each HM in plant to the concentration in
soil and plant organ HM concentration to whole plant HM
concentration (Eqn 1).

BAF = Concentration of Chemical in Organism or Tissue

Concnetration of the Chemical in the environment

Source: [1,3]

Statistical Analysis

Results of HM concentration were reported as mean +
standard deviation (Mean + SD) after data analyses using
SPSS version 2020. Values were considered statistically
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significant at P = 0.05 by one way analysis of variance
(ANOVA)

Results

Lapoitea Aestuans

Tablel presents mean concentration of metals in leaves,
stems, roots, whole plants of L. aestuans and soil sample from
site 1. Results show the least concentrating metal to be Cd
(0.000 £ 0.000) and Ni (0.000 * 0.000) which was observed
in the stems while the highest concentration was that of Zn
metal (24.525 * 0.469) in the leaves. Generally for the plant
organs, concentration of metals was highest in the leaves
followed by the roots with the stems being the least in metal
concentration. Metal concentration in plant organs followed.
A general order: Zn > Fe > CU > Cr > Cd > Pb > Ni from sample
site 1. In the whole plant Zn was the most concentrated
(28.448 + 0.484) while Pb was the least (2.070 £ 0.046). Soil
samples maintained Zn as the most concentrated (16.487
+ 0.024) and Pb as the least concentrated (1.749 + 0.045).
Figure 1 presents the results of bioaccumulation factors of
HM in leaves, stem and whole plant of L. aestuans in sample

site 1. The results show that the whole plant had the highest
bioaccumulation factor (3.100) which was observed in Cr, Cd
and Ni were the least bioaccumulated in the plant samples,
recording (0.00) as bioaccumulation factor.

Table 2 presents mean concentration of metals in leaves,
stems, roots, whole plants of L. aestuans and soil sample from
control site 2. Result show that Zn with the concentration
of 4.907 £ 0.064 was the highest concentration in the plant
while Ni with the concentration of 0.0067 + 0.001 was the
least recorded in the plant organs (leaves, stem respectively).
Whole plant recorded Zn as the highest concentrated
metal (5.641 + 0.615) while Pb (0.407 £ 0.001) was the
least. Conversely, Cd (7.115 * 0.002) was the highest metal
concentrated in the soil while Ni was least (0.448 + 0.09). In
figure 2 the bioaccumulation of HM leaves, stem, roots and
whole plant is presented. Results show that Pb was the most
bioaccumulated metal while cd was the least. Whole plant
also recorded the highest bioaccumulation factor while the
stem was observed to be the least bioaccumulated for the
plant L. aestuans in control site 2.

Figure 1: Bioaccumulation factors of heavy metal in leaves, stem and whole plant of Laportea aestuans in sample site 1.
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Sample Cd Cr Cu Fe Ni Pb In
Leaf 2.320 £ 0.019%| 4.281 + 0.122¢|14.725 + 0.050915.092 + 0.107¢|0.8137 + 0.115" 1.840 + 0.019° |24.525 + 0.468¢
Stem 0.000 + 0.000%/0.9063 + 0.040% 2.481 + 0.028% |1.690 + 0.0190?| 0.000 + 0.000% |0.5307 + 0.010% 2.727 + 0.6862
Root 1.749 + 0.043°| 2.464 + 0.157¢|9.731 + 0.140"|18.375 £ 0.071¢| 2.380 + 0.063¢ | 1.569 + 0.030" |13.580 + 0.232°
Whole Plant |7.818 + 0.0384 5.272 + 0.207¢ [17.385 + 0.140¢16.077 + 0.005¢ 3.157 + 0.048¢| 2.070 + 0.046° |28.448 + 0.484¢
Soil 3.409 + 0.189¢/ 1.731 + 0.036" [12.284 + 0.147¢| 7.950 + 5.747° | 1.805 £ 0.059° | 1.749 + 0.045° [16.487 + 0.024¢

Table 1: Mean concentration of heavy metal + standard deviation in leaves, stem, root, whole plant and soil of laportea aestuans
in sample site 1.Legend: Values are presented as mean #* SD for duplicate measurements in (mg/kg). Different superscripts
down the column indicate statistical significance at P<0.05.

Cd
1.064 + 0.006°

Cr
0.8657 + 0.010¢

Cu
2.963+0.012¢

Fe
3.011 +0.001¢

Ni
0.1560 + 0.002"

Pb
0.3633 +0.002°

Sample
Leaf

Zn
4,907 £ 0.064¢

Stem

00.0400 + 0.0069

0.1750 £ 0.001®

0.4937 + 0.002°

0.3350 £ 0.0012

0.0067 + 0.001°

00.1043 + 0.002°

0.5460 £ 0.005°

Root

0.3523 £ 0.006°

0.5230 +0.002°

1.970 + 0.000°

1.661 +0.023°

0.4817 £ 0.016¢

0.3117 £ 0.002°

2.744 £ 0.004°

Whole
Plant

1.1590 £ 0.031°¢

0.9673 +0.010¢

3.459 £ 0.024¢

3.333£0.015¢

0.6203 + 0.006

0.4070 £ 0.001¢

5.641 + 0.615¢

Soil

7.1150 + 0.002¢

0.5533 +0.003°

2.464 +0.001¢

2.230 £ 0.015¢

0.4480 £ 0.010¢

0.1557 £ 0.0022

3.355+0.010¢

Table 2: Mean concentration of heavy metal + standard deviation in leaves, stem, root, whole plant and soil of laportea aestuans
in control site 2.

Legend: Values are presented as mean * SD for duplicate measurements in (mg/kg). Different superscripts down the column
indicate statistical significance at P<0.05.

e Y

Figure 2: Bioaccumulation factors of heavy metal in leaf, stem and whole plant of Laportea aestuans in control site 2.
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Sclerocarpus Africana

The results of mean concentration of metals in leaves,
stems, roots, whole plants of S. africana and soil sample from
sample site 1 are presented in table 3. Zn with a concentration
of 30.406 + 0.008 was observed to be the highest metal in
concentration as recorded in the leaves, while Pb with a
concentration of 0.526 * 0.005 was recorded as the least
concentration and was observed in the leaves. Generally
for the plant organs like with other sampled sites, the stem
recorded the least concentration of metals while the leaves
were the highest. Zn maintained the highest concentration in
the whole plant analysis of metal (32.810 * 0.196). However,
Ni was the least concentrated in the whole plant. Soil analysis
showed Zn and Ni as the highest and least concentrating
metals (19.355 = 0.041 and 1.049 % 0.047) respectively.
Figure 3 present the bioaccumulation factors of HM in leaves,
stem and whole plant of S. Africana in sample site 1. Pb was
observed to be the most bioaccumulated. While whole plant
was the sample with the highest bioaccumulation factor.
Although Cu was generally the least bioaccumulated metal
in the plant organs (leaves, stems and roots), it was the third
most bioaccumulated metal in the whole plant (2.95).

Cd (0.002 % 0.001) and Cr (0.002 % 0.001) recorded
the least metal concentration for plant organ analysis as
presented in table 4 for the concentration of S. africana in
controlsite 2, whileZn (16.485+0.001) was the highest which
were all observed in the plant leaves. Specific to individual
metal concentration across the three organs, Cr was the
least concentrated (0.002 + 0.001, 0.005 £+ 0.002 and 0.701
+ 0.002) for leaves stems and roots respectively. Like with
other plant species and sites, Zn was the most concentrated
(16.877 + 0.029 and 13.856 + 0.009) respectively, while Pb
(0.317+0.002) and 0.614 +0.001) was the least concentrated
in the sample site and whole plant respectively. Control site
4 recorded Cd as the metal with the highest bioaccumulation
factor (2.02) as observed in the whole plant (figure 4). The
whole plant was observed to have higher bioaccumulation
factor than all plant organs analysed. Bioaccumulation
factor for Ni in the leaves was the least observed. The leaves
also maintained this least bioaccumulation factor for other
metals as well except in the case of Zn (1.23) which was close
to that of whole plant (1.25) and in Cu (0.50) where it was
higher than stem (0.25).

Sample Cd Cr Cu Fe Ni Pb Zn
Leaf 1.020 £ 0.013"|1.253 + 0.020¢| 4.888 + 0.090° | 3.366 + 0.031¢ 0.08433 + 0.005°/0.5260 + 0.005"30.406 + 0.008¢
Stem 1.255 £ 0.021° 1.27 £ 0.008 | 2.468 + 0.039* | 3.470 = 0.034*| 0.7780 + 0.009? | 2.351 + 0.0472 [13.745 £ 0.053?
Root 1.464 +0.011°3.202 + 0.520"| 7.405 + 0.090" | 8.494 + 0.190° | 1.160 + 0.043¢ | 1.337 + 0.056" |21.861 + 0.101°
Whole Plant |3.573 + 0.022¢|5.180 + 0.018¢/19.658 + 0.054%10.268 + 0.0609 1.781 + 0.050¢ |3.578 + 0.020°|32.810 + 0.1969
Soil 1.785 + 0.0144/2.847 + 0.050 9.850 + 0.051¢| 6.746 + 0.107°| 1.049 + 0.050° | 1.059 + 0.036 |19.355 + 0.041°¢

Table 3: Mean concentration of heavy metal + standard deviation in leaves, stem root, whole plant and soil of Sclerocarpus africana
in sample site 1.Legend: Values are presented as mean #* SD for duplicate measurements in (mg/kg). Different superscripts

down the column indicate statistical significance at P<0.05.

Figure 3: Bioaccumulation factors of heavy metal in leaf, stem and whole plant of Sclerocarpus africana in sample site 1.
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Figure 4: Bioaccumulation factors of heavy metal in leaf, stem and whole plant of Sclerocarpus africana in control site 2.

Sample Cd Cr Cu Fe Ni Pb Zn
Leaf 0.002 +0.001 | 0.002 +0.001 |0.983 +0.004{0.6670 + 0.002|0.0037 + 0.000|0.104 + 0.001|16.485 + 0.001
Stem 6.00467 £ 6.001|0.00467 = 0.002|0.494 + 0.001|0.6657 + 0.003| 0.467 +0.010 | 0.467 +0.01 | 2.747 + 0.001
Root 0.170£0.012 | 0.7007 £ 0.002 |1.478 £ 0.001| 1.673 + 0.000 | 0.255 + 0.108 |0.264 + 0.003| 4.481 + 0.164
Whole Plant | 0.716 + 0.006 | 0.853 +0.006 (3.942 +0.001| 2.006 + 0.001 | 0.623 + 0.002 |0.614 + 0.001| 16.88 + 0.029
Soil 0.356+0.005 | 0.752+0.001 |1.965+0.013| 1.337 +0.002 | 0.317 £ 0.001 |0.317 £ 0.002|13.850 + 0.010

Table 4: Mean concentration of heavy metal * standard deviation in leaves, stem, root, whole plant and soil of Sclerocarpus
africana in control site 2.Legend: Values are presented as mean * SD for duplicate measurements in (mg/kg). Different
superscripts down the column indicate statistical significance at P<0.05.

Discussion

The results obtained from the atomic absorption
experiments show that, metal concentrations varied
sample site, plant species, plant organ and HM. A numbers
of factors have been identified to be responsible for metal
availability which determines concentration. They include
pH, soil texture, soil organic matter, redox potential of
metals and root zone [6,15]. Zn, Fe, Pb and Cu frequented
in higher concentrations regardless of the site be it control
or auto-mechanic workshop. Frequent use in coating/
plating of other metals and general use due to their ductility
could be implicated for this effect. Particularly for lead, its
presence in both the control and test site may be the result
of contamination arising from car exhaust, dust gases from
various industrial sources, leaded fuels old lead plumbing
pipes, or even old orchard sites in production where lead
arsenate was used [16].

The results of bioaccumulation in this study revealed
that L. aestuans accumulated more metals than S. africana
particularly in the “above ground level” parts. i.e the
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stem and leaves as observed in the metal Cr. On the other
hand S. africana accumulated more Pb in the stem than
L. Aestuans in the same site 1. Based on these patterns of
bioaccumulation exhibited by L. Aestuans and S. Africana,
suggestion is made that both plants utilize phytoextraction
phytostabilization and/or phytofiltration as mechanisms
of remediating soils of HM contamination considering the
plant organs that recorded the highest HM concentration.
Leave were generally observed to be more concentrated
with metals more than the other organs with the stem being
the least in HM concentration. This is an expected trend
for most plants due to the uptake of metal contaminated
fluids and nutrients and the function of leave as the plant
kitchen [4,17]. The mechanism of phytoremediation utilized
by a plant may also determine longevity of that plant on a
soil regardless of the pollutant in the soil [6]. For example
phytostabilizers and phytovolatilizers are often not that
affected by contaminants because volatilizers take off
contaminants into the atmosphere by transpiration while
stabilizers prevent uptake, whereas phytoextractors take up
the contaminantinto the plant tissue [15]. Furthermore using
the >1< classification of HM accumulators [3], we consider
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these plants to fall under the hyperaccumulators class seen
that they both plants have >1 value of HM bioaccumulation
factors.

The concentration of HM in S. africana whole plant
analysis was always higher than that of the soil from which
plant was collected. We suggest that this is an indication
of the remediating activity of these plants in the polluted
site with the view that high concentrations in plants must
have been the result of high uptake from the polluted soil.
The accumulation of Cd in plant stem than in leaves and
in some cases root may be due to its binding in cell walls,
compartmentalization in vacuoles and complexation with
metal binding proteins and peptides, especially phytochelatin
and metallothioneins. These processes are strategies
employed by plants, at least in part, to face unavoidable
stress conditions [18]. The nutrient content of foods can
greatly be affected by HM concentration which at high levels
may lead to toxicity [17]. For example glycolytic pathway is
upregulation under heavy metal stresses. Conversely Cd for
instance has been reported to have a decreasing effect in
carbohydrate metabolism [19].

Despite the fact that Cu, Zn and Ni are HM and cause
toxicity they are classified as essential metals in plant
biological systems hence they have ready ligands for their
uptake and may determine same. The low levels of Ni could
be accounted for, by the fact that Ni concentration in the soil
was lower than Zn and Cu, thus bio-transforming organisms
for decontamination of Cu and Zn would be more populated
than that of Ni from a point of organism requirement.
Secondly, Cu and Zn are strong competitors of Ni for uptake
which caused low concentrations in the plants [20,21].
Research has shown the antagonistic activity of Zn to Cu in
cells where Cu is utilized as a cofactor or in cases of ligand
banding. These may be the reason for its high levels than that
of Cu in the analyzed plants [20,22,23].

Conclusion

Findings of this study, it is concluded that there was
a high level of heavy metals in the mechanic workshop
site and the control site (sites 1 and 2) respectively.
Both Laportea aestuans, and Sclerocarpus africana are
considered hyperaccumulators hence good for remediation
of HM contaminated sites in Benue state most especially
in Makurdi, with better results in Sclerocarpus africana.
Phytoextraction, phytostabilization and phytovolatilization
are the possible mechanisms of remediation employed by
the plants considering the high accumulation of HM in the
leave and roots. The plants species and HM showed a general
order of concentration and bioaccumulation as follows:
whole plants > leaf > stem > roots and Zn > Fe > Pb > Cu > Cd
> Cr > Ni. We therefore recommend that the two (2) plants
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used in this study have good phytoremediation capacity and
are therefore recommended for used in the remediation
of HM contaminated sites most especially in Makurdi. This
research can be advanced by studying the mechanism of
phytoremediation employed by the plants using isotopic
atoms. Finally, HM contamination levels can be prevented
or reduced by proper regulatory laws, constant monitoring
and control of mine site and mechanic workshops and
prosecution of offenders.
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