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Abstract

The selection of adequate plant species is a prerequisite for cleaning-up trace
metal contaminated-soils by phytoaccumulation which is a cost-effective and
environmentally-friendly technology. The potential of Panicum maximum,
Eleusine indica and Cynodon dactylon to uptake trace metals from the soil of
the Akouedo landfill was investigated. The concentrations of trace metals in
soil were also considered. Moreover, the accumulation of Zn, Ni, Cu, Pb and
Cd was assessed based on bioconcentration factor, translocation factor. The
results showed high concentration values in the soil of the abandoned and the
operation site of the landfill compare to the control site. The highest concen-
trations of trace metals in the plant shoot were observed with P. maximum
for Ni. In root biomass, Zn, Cu and Cd showed high concentrations with 2.
maximum, E. indica and C. dactylon. Furthermore, the highest values of bio-
concentration factor (BCF) and the translocation factor (TF) for Ni, were re-
spectively 111.98 + 82.45 and 4.26 + 1.75 and were recorded with P. maxi-
mum. P. maximum, suggesting that it can be considered as a Ni hyperaccu-
mulator.
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1. Introduction

Soil contamination by trace metals is an environmental issue of great concerns

because most of trace metals are generally nonessential but detrimental to hu-
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mans, plants and soil biota [1]. Extensive use of agrochemicals (pesticides and
fertilizer) and transportation also play an important role in trace metals conta-
mination in agricultural soil and soil present near highways [2] [3]. Irresponsible
disposal of industrial effluents, mine tailing, municipal wastes and trace metals
enriched waste sludge are the primary causes of soil pollution [4] [5]. Conse-
quently, soils pollution by trace metals is responsible for losses in soil fertility,
food contamination, ecotoxic effects and risks to human health. In addition, in-
take of cereals which are grown in trace metals (Cd, Cr and Zn) contaminated
soil poses health risk to human due to accumulation of metals in food crops [6].
Chen et al. [7] suggested that long term trace metals contamination negatively
affects the microbial biodiversity and their activity. Unlike organic contami-
nants, trace metals cannot be degraded [8] [9]. In addition, as far as clean-up of
soils contaminated by metal trace metals is concerned, conventional remediation
techniques fall short of expectation due to their high cost [10], whereas phyto-
remediation can be considered as an economical and effective alternative in
some cases of metal trace elements pollution [8]. Furthermore, those conven-
tional remediation technologies (soil flushing/washing, vitrification, surface cap-
ping, landfilling, electro-kinetic extraction) influence soil properties, fertility and
biodiversity [11]. Phytoremediation is an ecologically sensitive method that can
be used for the reclamation of contaminated soil without disturbing the soil fer-
tility and biodiversity [12] [13] [14]. This offers an attractive, environmentally
friendly, aesthetically pleasing, publically acceptable and cost-effective approach
to remove metal trace elements from soil [15] [16]. Among phytoremediation
technologies, phytoextraction is widely regarded as a promising technology. In
fact, phytoextraction uses hyperaccumulator and accumulator to remove conta-
minants from the soil [17]. Research on hyperaccumulators has led to intensive
screening of many plant species [18]. Two main strategies are currently applied:
the first one considers the use of hyperaccumulator plants with exceptional met-
al accumulating capacity. And the second one implies the use of high biomass
producing plants which can also sometimes accumulate large quantities of metal
trace elements [19]. In the first case, the use of hyperaccumulator plants is mainly
limited by low biomass production, while in the second case plants producing
high biomass concentrate low amounts of metals [20] [21]. Moreover, hyperac-
cumulators identified are non-endemic to tropical areas, such as Cote d’Ivoire.
To develop phytoremediation technologies, the identification and evaluation of
the potential of the local plants species to accumulate metal trace elements must
be done. Thus, Messou et al. [22] reported that Poaceae species grown on the
Akouedo landfill may be suitable candidates to accumulate trace metals (Pb, Cd,
Ni, Cu and Zn). However, these authors did not provide any experimental data
on the ability of Poaceae species to accumulate such metals. The aim of this study
is to assess the potential of three Poaceae species (Panicum maximum, Eleusine

indica, Cynodon dactylon) to accumulate trace metals (Pb, Cd, Ni, Cu and Zn)
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in order to provide a scientific base for phytoaccumulation application.

2. Materials and Methods
2.1. Description of Study Area

The Akouedo landfill is located in the District of Abidjan. It is situated between
395,800 - 397,500 m-N and 591,100 - 593,000 m-W, and covers an area of about
153 ha (Figure 1). Previous studies [23] showed that the soil of this landfill was
contaminated by metal trace elements. In the superficial stratum (less than 50
cm depth), the average concentrations of zinc (Zn), chromium (Cr), cadmium
(Cd), lead (Pb), iron (Fe), and copper (Cu) were respectively of 250, 50, 5, 140, 1
400 and 80 ppm. The mean value of pH was 8.25 [23]. Moreover, a control site
was selected in the District of Abidjan. However, this site was relatively far from
Akouedo landfill, 7e, near the Banco National Park (Figure 1). The control site
was located between 382075.466 - 384193.133 m-N and 599019.676 - 600806.458
m-W.

2.2. Plants and Soil Sampling

Both soils and plants were sampled at the Akouedo landfill and the control site.
For the Akouedo landfill, two different sampling zones were chosen. Indeed, on
this landfill there is an abandoned site (AS) which was first used for waste dis-
posal. Since the AS was saturated, a neighboring site was chosen for waste dis-
posal (Operating Site (OS). For both, nine plots were established for soil sam-
pling on the AS and OS. For the control site (CS), three plots were defined. The
plots were established as representative of the study site as possible. This choice
also aimed at getting abundant biomass when plants are harvested. For plants
sampling, only mature plants were taken. 10, 20 and 40 plants, of respectively
Panicum maximum, Eleusine indica and Cynodon dactylon, were randomly
harvested (uprooted) on each plot. The plants were separated into roots and
shoots. After that separation process, the plant samples were first washed with
tap water and next with distillated water, to remove surface dust and soil. Final-
ly, the samples were oven-dried at 65°C for 72 hours. After drying, the vegetal
material was milled into a homogenous powder after their dry weights were de-
termined. Table 1 presents a list of plant samples (roots and shoots) obtained in

each zone.

Table 1. List of plant samples (PaM: Panicum maximum; Ell: Eleusine indica; CyD: Cy-
nodon dactylon; S: shoot; R: Root).

Plant samples

Species
Abandoned site Operating site Control site

Panicum maximum PaM-S1; PaM-R1 PaM-S2; PaM-R2 PaM-S3; PaM-R3
Eleusine indica ElI-S1; ElI-R1 ElI-S2; EII-R2 ElI-S3; EII-R3
Cynodon dactylon ~ CyD-S1; CyD-R1 CyD-S2; CyD-R2 CyD-S3; CyD-R3
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Figure 1. Location of the sampling zones.

For soil sampling, steel auger was used. The soil samples were collected at
depths of 0 - 10 cm, 10 - 20 cm, 0 - 30 cm and 30 - 40 cm. On each plot, soils
samples were taken at each corner (4) and one in the center. A composite sample
was prepared at the same depth on each plot. Soil samples were collected in plas-
tic bags, air-dried and ground to pass through a 2 mm sieve. A total of 72 soil
samples were collected from the landfill zones, while 12 samples were obtained

from the control site.

2.3. Chemical Analyses

The phytoavailable fraction of metals in the soil samples was performed with
ammonium acetate-ethylenediamine tetra-acetatic acid (EDTA) according to the
NFX 31 - 120 procedure [24]. Concentrations of Cd and Pb were determined
using graphite furnace atomic absorption spectrophotometer (GFAAS) and Cu,
Ni and Zn were determined using a flame atomic absorption spectrophotometer
(FAAS).

To determine total metals content in the plant’s samples, a graphite furnace
atomic absorption spectrophotometer and a flame atomic absorption spectro-
photometer were used post-digestion. The analytical processes for the vegetal

material involved incineration and acid digestion with HCL

2.4. Data Analysis

The Bioconcentration Factor (BCF) was used to determine the quantity of metal
trace elements that is absorbed by the plant from the soil. This is an index of the
ability of a plant to accumulate a particular metal with respect to its concentra-

tion in the soil [25] [26] and is calculated using the following formula:

[Metal]
— shoot +root (1)
[Metal]
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The higher the BCF value the more suitable is the plant for phytoextraction
[27]. BCF Values > 2 were regarded as high values.

To evaluate the phytoextraction potential of the plants, the translocation fac-
tor (TF) was used. This ratio is an indication of the ability of a plant to translo-

cate metals from its roots to its shoots [28] [29]. It is represented by the ratio:

F= [MEtaI]shoot (2)
[Metal|

root

Hence, trace metals that are accumulated by plants and largely stored in the
roots of plants are indicated by TF values < 1. On contrary, when TF values > 1,

this indicates that the metals are much stored in the shoot.

2.5. Statistical Analysis

Statistical analysis of the data was carried out using Statistica software version
7.1. To verify the statistical significance of metal content in the vegetal biomass,
data were analyzed using the parametric test (LSD Fisher) and the non-parametric
test (Kruskall-Wallis). Statistical significance was defined at the level of p < 0.05.

This was performed with R software version 3.1.1.

3. Results

3.1. Biomass Vegetal

The shoot and root biomasses of Panicum maximum were more important than
those of Eleusine indica and Cynodon dactylon and (Table 2). They were 93.6 +
6.3 g-plant™ and 22.4 + 2.1 g-plant™ on the abandoned site (AS), respectively, for
the shoot and root biomass. However, on the operating site (OS), P. maximum
recorded a shoot biomass of 96.9 + 7.8 g-plant™ and root biomass of 23.4.1 + 4.6
g-plant™. On the control site (CS), P. maximum presented shoot and root bio-

masses of respectively, 95.1 + 5.6 g-plant™ and 22.8 + 3.4 g-plant™.

3.2. Soil Metals Concentration

Trace metals concentrations in the soil of landfill site were much higher than
those of the control site. For the abandoned site (AS) and the operating site
(OS), mean trace metals concentrations ranged respectively from 86.70 + 15.78
to 84.25 + 14.62 mg-kg™' of Zn, 26.06 + 4.51 to 17.83 £ 3.03 mg-kg™' of Pb, 17.98
+4.29 to 10.39 + 1.84 mg-kg™! of Cu, 1.65 + 0.23 to 1.40 + 0.15 mg-kg™* of Ni and
from 0.72 + 0.09 to 0.62 *+ 0.06 mg-kg™' of Cd. In contrast, the control site con-
tained 25.86 + 21.61 mgkg™, 2.19 + 0.21 mg-kg™, 1.23 + 0.21 mgkg™, 0.25
0.03 mg-kg™* and 0.02 £ 0.01 mg-kg™, respectively for Zn, Pb, Cu, Ni and Cd.

3.3. Trace Metals Concentration in the Plant Biomass

3.3.1. Zinc
Zn concentrations obtained in root biomass are higher than those in the shoot

part, regardless of the species and site considered (Figure 2). For P. maximum,
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concentrations in shoot biomass ranged from 80 to 211 mg/kg dw, 64 to 234
mg/kg dw, and 18.1 to 59.7 mg/kg dw at the abandoned site, operating site and
control sites, respectively. In, root biomass, it ranged from 163 to 635 mg/kg dw
(abandoned site), 90 to 452 mg/kg dw (operating site) and 9.5 to 68.6 mg/kg dw
(control site). The mean concentrations in shoot and root biomass at the aban-
doned site and operating sites were significantly different (Fisher’s LSD test: p <
0.05). Comparing the mean concentrations in the root biomass at the three sites,
the mean concentration recorded at the control site is significantly different
from those obtained at the two sites at the Akouedo lanfill (Fisher LSD test: p <
0.05).

Table 2. Shoot and root dry biomass (g-plant™'; mean + standard deviation).

Abandoned site Operating site Control site
Species
Shoot Root Shoot Root Shoot Root
Panicum
. 93663 224+21 969%+78 234+46 95156 22.8+34
maximum
Eleusine
L. 223+21 95+18 234+28 78+£09 236+12 81x0.6
indica
Cynodon
102+13 1.7+£03 103+1.2 1.7+04 10.1x0.7 1.7%0.2
dactylon
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Figure 2. Zn concentration in the shoot (S) and root (R) of Panicum maximum (PaM), Eulesine indica (EII) and
Cynodon dactylon (CyD).
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Concerning E. indica, Zn concentrations in the shoot biomass ranged from
154 to 280 mg/kg dw (abandoned site), from 80 to 365 mg/kg dw (operating site)
and from 17 to 61.6 mg/kg dw (control site). For root biomass, it ranged from
216 to 626 mg/kg dw, 211 to 718 mg/kg dw, and 28.1 to 64.6 mg/kg dw at the
abandoned site, operating site and control sites, respectively. The mean Zn con-
centrations recorded in the shoot and root biomass of E. indica at the two land-
fill sites differed significantly (Fisher’s LSD test: p < 0.05). Comparing the mean
concentration of Zn at the three sites, it can be seen that the average concentra-
tions obtained in the shoot and root biomass at the control site were significantly
different from those of abandoned and operating sites (Fisher LSD test: p <
0.05).

Regarding to C. dactylon, Zn concentrations in shoot biomass ranged from 54
to 246 mg/kg dw (abandoned site), 73 to 251 mg/kg dw (operating site), and 45
to 65 mg/kg dw (control site). In root biomass, concentrations ranged from 12 to
746 mg/kg dw (abandoned site), 107 to 927 mg/kg dw (operating site), and 35 to
60 mg/kg dw (control site). Mean Zn concentrations in shoot and root biomass
of C. dactylon were not significantly different (Kruskall-Wallis test: p > 0.05) at
any site. However, the mean concentrations recorded in the shoot and root bio-

mass at both landfill sites were higher than those obtained at the control site.

3.3.2. Nickel

Ni was most concentrated in the shoot biomass of P. maximum at all three stu-
dies sites (Figure 3). Ni concentrations in shoot biomass ranged from 1 to 383
mg/kg dw (abandoned site), from 2 to 172 mg/kg dw (operating site), and from
0.2 to 9.2 mg/kg dw (control site). Root biomass concentrations ranged from 5
to 141 mg/kg dw (abandoned site), 10 to 71 mg/kg dw (control site).

Mean Ni concentrations in shoot and root biomass of P. maximum collected
at the abandoned site (85 - 53 mg/kg dw), the operating site (72.8 - 29.6 mg/kg
dw) and the control site (3.2 - 0.2 mg/kg dw) were not significantly different
(Fisher’s LSD test: p > 0.05).

For E. indica, considering shoot biomass, Ni concentrations ranged from 2 to
240 mg/kg dw (abandoned site), 1 to 174 mg/kg dw (operating site) and 0.2 to
9.2 mg/kg (control site). In contrast, root biomass concentrations ranged from 6
to 149 mg/kg dw (abandoned site), from 15 to 204 mg/kg dw (operating site)
and from 0.15 to 0.19 mg/kg dw (control site).

As for the mean Ni concentrations recorded in the shoot and root biomass of
E. indica, they were not significantly different (Fisher’s LSD Test: p > 0.05)
across the three sites. However, the mean concentrations in shoot and root bio-
mass obtained at the two landfill sites are higher than those obtained at the con-
trol site.

For C. dactylon, shoot biomass, these ranged from 4 to 115 mg/kg dw, 4 to 71
mg/kg dw, and 0.1 to 7.3 mg/kg dw at the abandoned site, operating site, and
control sites, respectively. In contrast, root biomass concentrations ranged from

4 to 175 mg/kg dw (abandoned site), from 9 to 64 mg/kg dw (operating site) and
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from 0.2 to 0.9 mg/kg dw (control site). The mean Ni concentrations obtained in
the shoot and root biomass of C. dactylon did not differ significantly (Kruskall-
Wallis Anova: p > 0.05) among the three sites. Furthermore, these mean regis-
tered concentrations in biomass at the abandoned and operating sites are higher

than those obtained at the control site.

3.3.3. Copper

Considering the three sites, Cu concentrations in the root biomass were higher
than that of the shoot biomass of P. maximum (Figure 4). In shoot biomass, Cu
concentrations ranged from 21 to 104 mg/kg dw (abandoned site), from 6 to 120
mg/kg dw (operating site) and from 0.1 to 5.8 mg/kg dw (control site). In con-
trast, root biomass concentrations ranged from 32 to 218 mg/kg dw (abandoned
site), from 29 to 162 mg/kg dw (operating site) and from 4.7 to 18.4 mg/kg dw
(control site). Comparing the mean concentrations in the root biomass, the con-
trol site differed significantly from the mean concentrations obtained at the two
landfill sites (Fisher LSD Test: p < 0.05).

For E. indica, Cu concentrations obtained in shoot biomass ranged from 5 to
117 mg/kg dw (abandoned site), from 13 to 95 mg/kg dw (operating site), and
from 0.2 to 9.1 mg/kg dw (control site). In the root biomass, concentrations
ranged from 22 to 375 mg/kg dw, 21 to 220 mg/kg dw, and 9.9 to 16.2 mg/kg dw

at the abandoned site, operating site, and control site, respectively.
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Figure 3. Ni concentration in the shoot (S) and root (R) of Panicum maximum (PaM), Eulesine indica (EII)
and Cynodon dactylon (CyD).
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Figure 4. Cu concentration in the shoot (S) and root (R) of Panicum maximum (PaM), Eulesine indica (EII) and

Cynodon dactylon (CyD).

Considering the root biomass, we note that the average concentration of Cu
obtained on the control site differs significantly from those recorded on the old
site and the site in operation (Fisher’s LSD test: p < 0.05). Concerning C. dacty-
lon, Cu concentrations obtained in the shoot biomass vary between 4 and 320
mg/kg dw (abandoned site), between 8 and 119 mg/kg dw (operating site) and
between 6.2 and 9 mg/kg dw (control site). Considering the root biomass, the
recorded concentrations were between 22.7 and 388 mg/kg dw, between 23.9 and
189 mg/kg dw and between 11.4 and 13.5 mg/kg dw, respectively, at the aban-
doned site, operating site and the control site. The mean Cu concentrations rec-
orded in the shoot and root biomass of C. dactylon were not significantly differ-
ent (Fisher’s LSD test: p > 0.05) at each of the sites considered. However, they

are higher in the biomass from the two landfill sites.

3.3.4. Lead

In the shoot biomass of P. maximum, Pb concentrations (Figure 5) ranged from
5 to 83 mg/kg dw (abandoned site), from 1.3 to 26.6 mg/kg dw (operating site)
and from 1.9 to 7.3 mg/kg dw (control site). Pb concentrations in the root bio-
mass ranged from 10.9 to 99.4 mg/kg dw, 10 to 41.2 mg/kg dw, and 2.4 to 5.6
mg/kg dw at the abandoned site, operating site and control site, respectively. The
mean Pb concentrations recorded in the shoot and root biomass of P. maximum

at the abandoned site showed a significant difference (Fisher’s LSD test: p <
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0.05). In contrast, the mean Pb concentrations recorded in the shoot and root
parts at the operating and control sites were not significantly different (Fisher’s
LSD Test: p > 0.05).

Pb concentrations in shoot biomass of E. indica, ranged from 0.9 to 29.1
mg/kg dw, 9.5 to 170 mg/kg dw, and 0.6 to 1.7 mg/kg dw on the abandoned site,
operating site, and the control site, respectively. In the root biomass, Pb concen-
trations ranged from 10.3 to 50.3 mg/kg dw (abandoned site), from 8.3 to 93.5
mg/kg dw (operating site) and from 0.9 to 2 mg/kg dw (control site). Mean Pb
concentrations in shoot and root biomass of E. indica were not significantly dif-
ferent (Fisher’s LSD test: p > 0.05) at any site. However, the mean concentrations
in shoot and root biomass obtained at the two landfill sites are higher than those
obtained at the control site.

For C. dactylon, Pb concentrations in shoot biomass ranged from 2 to 43.5
mg/kg dw (abandoned site), 0.3 to 71.9 mg/kg dw (operating site) and 1.3 to 3.3
mg/kg dw (control site). In root biomass, concentrations ranged from 7.6 to 116
mg/kg dw at the abandoned site, from 3.9 to 61.5 mg/kg dw at the operating site,
and from 1.7 to 3.1 mg/kg dw at the control site.

Mean Pb concentrations recorded in the shoot and root biomass of C. dacty-
lon were not significantly different (Kruskall-Wallis Anova: p > 0.05), regardless
of the site considered. However, the average concentrations obtained in the

biomasses at the two landfill sites are higher than at the control site.
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Figure 5. Pb concentration in the shoot (S) and root (R) of Panicum maximum (PaM), Eulesine indica (EII) and
Cynodon dactylon (CyD).
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3.3.5. Cadmium

In general, the root biomass presents the highest concentrations of Cd, whatever
the site considered (Figure 6). Cd concentrations obtained in the shoot biomass
vary between 0.04 and 2.33 mg/kg dw (abandoned site) and between 0.04 and
0.48 mg/kg dw (operatin site). In the root biomass, it ranged from 0.30 to 1.66
mg/kg dw at the abandoned site and from 0.03 to 0.73 mg/kg dw at the operating
site. In contrast, at the control site, concentrations in the shoot and root parts
were less than 0.05 mg/kg dw. The mean concentrations in the shoot and root
biomass of P. maximum were not significantly different (Fisher’s LSD test: p >
0.05) at any site.

As for E. indica, Cd concentrations obtained in the shoot biomass were be-
tween 0.06 and 0.16 mg/kg dw (abandoned site) and between 0.08 and 0.92
mg/kg dw (operating site). In the root biomass, it ranged from 0.23 to 2.84
mg/kg dw at the abandoned site and from 0.04 to 1.47 mg/kg dw at the operating
site. In contrast, the Cd concentrations obtained in the shoot and root parts at
the control site are less than 0.04 mg/kg dw. The mean Cd contents recorded in
the shoot and root biomass of E. indica at the abandoned site differed signifi-
cantly (Fisher’s LSD test: p < 0.05).

For C. dactylon, Cd concentrations in shoot biomass ranged from 0.06 to 2.46
mg/kg dw (abandoned site) and from 0.13 to 0.41 mg/kg dw (operating sites). In
the root biomass, concentrations ranged from 0.21 to 4.42 mg/kg dw ((aban-
doned site) and from 0.22 to 2.19 mg/kg dw (operating site). In the shoot and
root biomass from the control site, Cd concentrations are well below 0.04 mg/kg
dw. The mean Cd levels in the shoot and root biomass of C. dactylon were not
significantly different (Fisher’s LSD test: p > 0.05). Considering the three sites,
the average concentrations obtained in the biomasses on the abandoned site and
the operating site, were higher than those recorded on the control site.

3.3.6. Bioconcentration and Translocation Factor

The average BCF of Panicum maximum ranged from 0.34 + 0.08 to 97.17 *
36.75 (Table 3). On the landfill site (abandoned site and operating site), the
lowest BCF was observed with Cd and the highest with Ni. Zn and Ni showed
high values of BCF on the tree sites. For Eleusine indica, the average BCF ranged
from 0.27 + 0.05 (Cd) to 111.98 + 82.45 (Ni). The results showed that, the BCF
values were above 1 on the abandoned site and the operating site for Zn, Ni, Cu
and Pb. BCF values for Cd were lower than 1, on the tree sites.

Furthermore, BCF of Cynodon dactylon, were highest for Ni on abandoned
site (55.61 * 17.25), operating site (39.26 + 10.53) and control site (9.14 £ 8.70).
The BCF were not signifcantly different on the sampling site with C. dactylon
(p > 0.05).

The TF values of the 3 Poaceae species ranged from 0.12 + 0.09 to 4.26 + 1.73
(Table 3). P. maximum and E. indica presented low TF values (<1) for Zn and
Cu on the abandoned site and the operating site. Furthermore, the results
showed that the high TF values were observed for Ni with P. maximum, E. indi-
caand C. dactylon.
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Figure 6. Cd concentration in the shoot (S) and root (R) of Panicum maximum (PaM), Eulesine indica (EII) and
Cynodon dactylon (CyD).

Table 3. Bioconcentration Factor (BCF) and Translocation factor (TF) values (Means values of each factor of the same line with

the same letter are not statistically different).

Trace BCF TF
Species
metals  Abandoned site  Operating site  Control site  Abandoned site  Operating sitt  Control site
Zn 4.97 £1.76* 3.77 £1.32% 4.11 £ 2.56* 0.51 £ 0.09* 0.63 £ 0.09* 1.78 £ 1.04*
Ni 97.17 £ 36.75® 12.33 + 7.81° 7.42 + 6.72° 1.92 £ 0.65* 426 +1.73° 2.53 + 1.84%
Panicum
. Cu 5.24 + 1.30* 11.36 + 4.02° 1.03 £ 0.88° 0.67 £0.15° 0.97 + 0.36* 0.12 £ 0.09*
maximum
Pb 2.28 £0.92* 1.23 £0.53* 1.26 + 0.48* 0.91 + 0.42* 0.84 +£0.19* 0.92 £ 0.20*
Cd 1.03 +£0.43* 0.34 £ 0.08* 1.21 +£0.76* 0.48 £ 0.16* 1.40 = 0.89* 0.99 £ 0.67%
Zn 7.16 £ 2.41* 4.70 £ 1.272 3.96 +2.38° 0.67 £ 0.09* 0.59 £0.11* 0.88 +£0.14*
Ni 111.98 + 82.45*  50.94 + 19.64% 1.38 + 0.64° 1.55 +0.55* 1.68 £ 1.25% 2.85 £ 1.65*
Eleusine
ndi Cu 5.30 £ 2.56* 13.96 + 8.42° 3.08 £2.12* 0.89 £ 0.50* 0.85 +0.47* 0.40 £ 0.272
indica
Pb 1.48 +0.63* 2.75+£0.95* 0.40 £ 0.072 0.88 £0.28% 1.56 + 0.84* 0.84 £0.13*
Cd 0.27 +0.05* 0.60 +0.28° 0.62 +0.33* 0.18 £ 0.04* 1.44 + 1.09* 0.72 £ 0.09*
Zn 4.18 +£1.49* 3.12 £ 0.85* 5.95 +2.84* 1.50 = 0.65* 0.73 £0.12* 1.18 £ 0.33*
Ni 55.61+ 17.25% 39.26 + 10.53* 9.14 + 8.70° 3.59 £ 1.05% 1.24 +0.53° 3.10 £ 2.25%
Cynodon
Cu 12.53 £ 6.51* 9.32 £4.22* 4.77 £0.85* 1.06 *+ 0.46* 0.91 £0.30* 0.62 + 0.06
dactylon
Pb 1.20 + 0.48* 2.50 £ 1.48* 0.71 £ 0.09* 0.56 + 0.21* 2.13 +£1.11* 0.92 + 0.08*
Cd 1.12 £ 0.43* 0.55 £ 0.16* 0.81 +0.80* 0.73 £0.37* 0.38 £0.08* 0.59 £ 0.21*
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4. Discussion

The results recorded indicate an accumulation of trace metal elements by 2.
maximum, E. indicaand C. dactylon. The presence of these species on the site of
the Akouedo landfill would be linked to their tolerance mechanisms developed
in the face of the pollution of the soils with trace metals from the Akouedo land-
fill. Indeed, these plant species have developed adaptations that allow them to
exclude, tolerate, or even accumulate high concentrations of trace metals in their
tissues [30]. The plant does this by chelating through amino acids, GSH, metal-
lothioneins and organic acids, or through compartmenting with vacuoles, and
antioxidative defense mechanism upregulation [31] [32] Those characteristics
could be due to ecophysiological mechanisms for tolerance and uptake trace
metals. Moreover, the main source of accumulation of trace metals by plants on
the Akouedo dump would be the soil, without however excluding foliar inputs.
Evaluation of the concentrations of Cd, Cu, Ni, Pb and Zn accumulated in the
biomasses of the species E. indica, P. maximum and C. dactylon revealed signif-
icant quantities of trace metals. Indeed, the works of Ogoko [33], Hamza et al
[34], Anarado et al. [35], Ancheta et al [36], Opokou et al. [37], Azeez et al. [38]
and Coulibaly et al [39] showed the capacity of trace metals (Pb, Cd, Zn; Cu)
accumulation of these three Poaceae species. However, P. maximum and E. in-
dica species have higher root contents of Zn, Cu and Pb than those obtained in
shoot biomass. These results were associated to transfer factors lower than 1 for
these trace metals. It would thus limit the transfer of these trace metals to the
shoot parts. Indeed, these trace metals could be complexed with a ligand or se-
questered in a root cell compartment [40] [41]. However, it has bioaccumulation
factors greater than 2, which would justify an input of atmospheric deposition
into the study area. This source of trace metals would be related to waste collec-
tion vehicles on the site and the dispersion of air pollutants from urban traffic.
Also, these bioaccumulation factor values for Zn and Cu are likely due to the es-
sential element or trace element nature of these two trace metals for the plant
[42]. Bioaccumulation factors further indicated that Cd was least accumulated
by all three species. This could be justified by the fact that Cd is not essential for
the growth of plant species and it is toxic to plants [43]. Cadmium toxicity re-
sults in damage to plant membranes and destruction of cell biomolecules and
organelles [44]. Furthermore, the uptake of trace metals is generally dependent
on exposure time and plant species, but also on root morphology [45]. For ex-
ample, plants with many fine roots accumulate metals more than those with
large and few roots [46]. P. maximum and E. indica species have similar root
morphologies; this would explain the relatively high trace metals concentrations
obtained in root biomass compared to those recorded in shoot biomass. Howev-
er, the species E. indica, presents TF value higher than 1 for Pb and Cd on the
operating site, thus would be adapted for the phytoextraction of these trace met-
als. Ni registered bioaccumulation factors largely superior to 2, sometimes reach-

ing 55, 97 and 118, respectively for C. dactylon, P. maximum and E. indica. In
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addition to these bioaccumulation factors, transfer factors are all higher than 1
for all three species. In addition, the mean trace metals concentrations in dry
shoot biomass at the landfill sites compared to the control site confirm the Ni
hyperaccumulative nature of these three species. This potential for Ni hyperac-
cumulation by these three species would likely be related to the high diversity of
Ni hyperaccumulators. Ni is one of the best candidates for the phytoextraction
process [47] [48]. However, P. maximum would exhibit the highest degree of
hyperaccumulation of the three Poacae species. Thus, this species would be the
ideal plant for nickel extraction, as it meets the criteria defined by Chaney et al
[49] for the ideal plant for phytoextraction.

5. Conclusion

The study showed high contamination of the soil of the Akouédo landfill by
trace metals. Furthermore, the plants species showed metals accumulation po-
tential. For metals accumulation in the plant shoot biomass, Ni was high up-
taked by Panicum maximum. P. maximum, Eleusine indica and Cynodon dac-
tylon showed the highest values in the root for Zn, Cd and Cu. The BCF and TF
values indicated the higher ratio for Ni with A. spinosus, E. indica and C. dacty-
lon. Among the species, P. maximum, presented phytoaccumulation capability
for Ni.
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