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Abstract

Native plant species growing on metal contaminated soil at the foot of the Legadembi tailings dam were selected to evaluate
their phytoremediation potential. For this purpose, soil, aboveground tissues, and roots of plant samples were analyzed for
the concentrations of Zn, Cu, Ni, Pb, and Cd. The bioaccumulation and transfer of metals were evaluated in terms of trans-
location factor (TF), bioconcentration factor (BCF), and biological accumulation coefficient (BAC). The results showed that
most of the species were efficient to take up and translocate more than one trace element (TE) from roots to shoots. Argemone
mexicana L., Rumex nepalensis Spreng., Cyperus alopecuroides Rottb., and Schoenoplectu sconfusus (N.E.Br.) Lye showed
potential for phytoextraction of Cu, while R. nepalensis and C. alopecuroides can accumulate in their above-ground parts
and are suitable for phytoextraction of Ni. Rumex nepalensis, C. alopecuroides, and Typha latifolia L. have the ability for
phytostabilization of Zn metal. Findings suggest concentrations of some metals in plants’ tissue showed above the normal
range which suggests their potential use in phytoremediation.

Keywords Heavy metals - Tailings dam - Contaminated soil - Phytoremediation - Native plant - Bioaccumulation -
Translocation

Introduction

Pollution by heavy metals due to natural processes and
anthropogenic activities poses a significant threat to the
environment (Ameh and Aina 2020; Bai et al. 2023; Younis
2018). Heavy metals are non-biodegradable (Roychoudhury
and Bhowmik 2023), and the accumulation of these metals
in soils has potential risk in the food chain and thus intimi-
dates human and animal health (Ighariemu et al. 2023).
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Tailings from gold mining release potentially toxic elements
(Zhao et al. 2021) and are a serious source of soil pollution
with public health implications (Gallego and Fernandez-
Caliani 2023).

Phytoremediation is the use of metal accumulating plants
to remove or reduce heavy metals in an economical and
environmentally friendly technique (Ameh and Aina 2020;
Akhtar et al. 2023). It is the natural capability of certain
plants to accumulate and degrade contaminants in water
and soil (Herrera-Cabrera et al. 2022; Sladkovska et al.
2022). Some previous studies but not limited to (Ameh and
Aina 2020; Chang et al. 2018; Oladoye et al. 2022) have
shown that phytoremediation technology is the most effec-
tive approach to alleviating heavy metal contaminated soil.
Phytoremediation is a process that includes phytoextractors,
phytostabilizer, and hyperaccumulator plants. Phytoextrac-
tion is the removal of heavy metals by aboveground parts of
the plant (Chen et al. 2023). Plants can remove trace metals
from soil and accumulate them in their shoots, which can
then be harvested (Wechtler et al. 2019). Phytostabilization
is the plant’s capability to resist high metal concentrations
and to extract or immobilize them within the roots (Ke et al.
2021; Yongpisanphop et al. 2020). Hyperaccumulators are
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defined as plants that can accumulate high concentrations of
metals in their above-ground tissues (Sytar et al. 2021; Van
der Pas and Ingle 2019).

Remediation of soil contaminated by heavy metals is nec-
essary to halt the associated risks, make the land resource
available for agricultural production, and enhance food
security (Oladoye et al. 2022; Qin et al. 2021). The success
of remedial action in phytoremediation technology is deter-
mined by the accessibility and mobility of heavy metals in
the soil. Phytoavailability of heavy metals is influenced by
a variety of soil parameters (pH, redox potential, clay, and
organic matter contents) and plant biomass yield (Antoniadis
et al. 2017). Translocation factor (TF), bioconcentration fac-
tor (BCF), and biological accumulation coefficient (BAC)
can be used to determine and identify plants that are suitable
for phytoremediation (Dung et al. 2023; Wang et al. 2021;
Zanganeh et al. 2022).

Some plants growing on metal-contaminated soil can
accumulate considerable amounts of heavy metals in their
roots and shoots. Many plant species that have become
heavy metal tolerant are those grown in contaminated sites
(Alsherif et al. 2022; Sainger et al. 2011). Previous studies
have shown that Legadembi gold mine tailing dams are con-
taminated with several heavy metals (Mengistu et al. 2022).
The selection of native plants from such contaminated area
can accumulate heavy metals and plays a vital role in phy-
toremediation (Ahmad et al. 2022; Niu et al. 2022). The
aim of this study is therefore to determine the concentration

Fig. 1 Study area map

of heavy metals in native plants grown on the soil around
tailing dams and compare the concentration of metals in the
tissues of the plant and the soil. This research also assesses,
identifies, and recommends plant species that are suitable
for phytoremediation purposes.

Materials and methods
Study area

The study area is located 500 km south of Addis Ababa
in Oromia National Regional State, Southern Ethiopia
(Fig. 1). The gold mine site extends over 18.26 km?* with
an average elevation of 2000 m above sea level. The lon-
gitude and latitude of the mine site are 38.885526° and
5.729509°. There are two rainy periods (bimodal rainfall),
March to May and September to November. The annual
rainfall of the area varies from 394 to 1748 mm with an
average of 1150 mm. Plant and soil sampling were carried
out on August 2021 which is out of the rainy season (in dry
period) to avoid washing of the metals. Legadembi gold
Mine PLC commenced primary gold production by open
pit mining method in the late 1980s. The gold deposit of the
area is associated with ores like pyrite, pyrrhotite, chalco-
pyrite, galena, sphalerite, and others. Heavy metals in soils,
sediments, vegetation, and water bodies are due to these
sulfide minerals. These heavy metals enter the receiving
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environment through both natural and anthropogenic activi-
ties (Getaneh and Alemayehu 2006).

Tailings produced by the processing plant are disposed of
in a dedicated Tailings Disposal Facility, comprising a valley
with a rock-fill dam structure. The supernatant water from
this dam is decanted through a culvert structure into the sec-
ond dam. The total length of the tailings dam is about 1 km.
Plant species dominate the area adjacent to the Legadembi
tailings dam (Fitamo and Leta 2010) despite the high con-
centration of heavy metals. Unpublished report in 2018
undertaken on the chemical management of Legadembi
Gold mine PLC listed some grass and herbaceous families
dominating the foot of the tailings dam. The downstream
tailing dams, in dam 2 and dam 3, are dominated by grass
and herbaceous families such as Cyperaceae, Typhaceae, and
Alismataceae. This report suggested the plants are indica-
tors of pollution and also have some additional attenuation
function for the heavy metals released from the tailings dam.

Sampling and analysis

The success of remedial action in phytoremediation is
determined by the accessibility of heavy metals in the soil
(Antoniadis et al. 2017). Characterizing the area in terms of
heavy metal pollution was done by sampling soils from the
dry beach of the tailings dam as well as from downstream
of the dam. Since the tailings storage facility is currently
active, tailing soil samples were collected from depth of
50 cm which is higher than the depth for other soil sampling,
which was 20 cm from the ground surface. Furthermore,
the sampling of tailing soil at the depth of 50 cm is directly
related to physical, chemical, and mineralogical properties
of the tailings (Cesar et al. 2022). Composite samples of
500 g for each soil samples were stored in properly labeled
polyethylene zip-lock bags and transported to the laboratory
for analysis.

Studying plant species grown in mining areas is useful for
the restoration of heavy metals pollution (Niu et al. 2022).
In the previous study, Fitamo and Leta (2010) pointed out
that 57% of plants at foot of the Legadembi tailing dam are
dominated by the Cyperaceae family. Three extensively
grown grass species dominating the swamps and stream
bank downstream of the Legadembi tailings dam were
selected based on their availability. Two herbaceous plant
species were chosen among other 7 species, based on their
high growth rate, production of more above-ground biomass,
and highly branched root system (Ali et al. 2013). Photo-
graphs of the plant species were taken, and plant identifica-
tion was carried out at the National Herbarium, Addis Ababa
University.

A total of twenty-five individual plants for each spe-
cies (two for taxonomy purposes and three of them for
heavy metal analysis) were collected from the foot of the

Legadembi tailing dam bounded by 5.7078°N-5.7137°N and
38.9027°E-38.9082°E. Plants were uprooted, washed in tap
water, and rinsed with deionized water. Above-ground tis-
sues were analyzed for the grass species, while leaves were
analyzed for the other two herbaceous plants (Table 1). The
soil from the diameter of the rhizosphere around each plant
was collected at 0-20 cm depth and thoroughly homog-
enized before packing in polyethylene containers (Nirola
et al. 2016). The plant samples were divided into their roots
and leaf or above-ground tissues, oven dried at 70 °C for
48 h to a constant weight, and then finely ground (Usman
et al. 2012). Equal subsamples of soil were collected from
each sample, mixed thoroughly, and homogenized to make
a composite. The homogenized soil samples were then dried
in an oven. The dried soil samples were grounded, sieved,
well-labeled, and stored in polyethylene bags. Each plant,
soil, and tailing soil sample (0.5 g) were digested according
to EPA method 3051 A (EPA 1996), in a High-Performance
Microwave Digestion System (ETHOS UP milestone).

Quality control was achieved by analyzing duplicates and
after every 5 samples; a calibration standard was analyzed to
test the response and efficiency of the instrument. The metal
contents were within + 10% relative percent deviation of the
standards. The accuracy was verified with known standards,
and the recovery of the tested samples varied from 81.75
to 107.25%. Both plant and soil samples were analyzed for
heavy metals: Pb, Ni, Zn, Cu, and Cd using the Agilent
Technologies 4200 Microwave Plasma Atomic Emission
Spectrometer (MP-AES).

Phytoremediation efficiency

The TF value is an indicator for the plant’s ability to trans-
port metal in the upper parts of the plant (Khan et al. 2022).
It is defined as the ratio of metal concentration in above-
ground tissues to the metal concentration in roots (Ameh
and Aina 2020). Bioconcentration factor (BCF) is the ratio
of metal concentration in the root to the metal concentra-
tion in the soil (Yoon et al. 2006). Plant species with TF
greater than BCF could be used in phytoextraction, while

Table 1 The selected grass and herbaceous species downstream of
the tailings dam

Specimen no Botanical name Family name Habit Abbreviation*

Grass Sch
Papaveraceae Herb Arg

S. sconfusus Cyperaceae

A. mexicana

3 C. alopecu- Cyperaceae  Grass Cyp
roides

T. latifolia Typhaceae Grass Typ

5 R. nepalensis ~ Polygonaceae Herb Rum

*Abbreviations were used in Tables 2 and 7
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plant species with BCF greater than 1 and low TF could be
considered as candidates for phytostabilization (Berkaoui
et al. 2022). And biological accumulation coefficient (BAC)
is the concentration of metals in plant shoots divided by the
metal concentration in soil (Khan et al. 2022). It was used
to calculate the plants’ ability to accumulate TE compared
to the soil substrate (Jeddi and Chaieb 2018). In this study,
the TF, BCF, and BAC values for Pb, Cu, Ni, and Zn were
calculated by the following equations;

TF = [above ground tissue]/[root]
BCF = [root]/[soil]
BAC = [above ground tissue]/[soil]

Statistical analysis

Arithmetic means, variance, and standard deviation were
performed including analysis of variance (ANOVA) test to
analyze differences between variables using the STATA14.1
software. The statistical significance was confirmed when
P <0.05.

Results and discussion
Metals levels in soil
The average values of all the studied heavy metals in the

soil samples, except for nickel, were above the concentra-
tions of shale values (Table 2). However, concentrations of

all the heavy metals in soil samples were below the national
soil quality standards. The variation coefficients (CV) for
the studied heavy metals in the increasing order were Pb
(34.7%) < Cu (54.6%) < Zn (190.2%). The data demonstrates
that the variability of these measurements could be classi-
fied under a large concentration variation (Belimov et al.
2003). This indicates that there were wide variations in
the concentrations of the heavy metals in the study area,
which could have been caused by the mining activities. The
larger the variation coefficient means, the more the abnor-
mal distribution of the heavy metal contents and the greater
the anthropogenic activities (Zhao et al. 2021). Zinc is the
most unevenly distributed in soil samples compared to other
heavy metals, with a CV value of 190.2%.

The concentrations of Zn, Cu, and Pb were 1.16, 1.07,
and 1.31 times higher than the threshold values set under
the shale average respectively. This shows the soil in the
study area is slightly polluted compared to the shale average.
The concentrations of Cd and Ni in the soil samples of the
study area were below the detection limit. However, 0.5 to
22.5 mg/kg of Ni was detected in plant tissues grown above
the soil. This could be due to the efficient transfer of Ni from
the soil to the plant root (Ameh and Aina 2020). The highest
lead (Pb) concentration in soil samples was 40 mg/kg. This
value is 4 times lower than the concentration of Pb in the
upstream tailings soil. It might be due to the least mobility
of Pb among other heavy metals (Al-Qahtani 2012), and it
is categorized as a non-essential element.

The concentrations of the studied heavy metals in the
tailings soil were all above the average shale values. The
concentrations of Zn, Cu, Ni, Pb, and Cd in tailings soil

Table 2 Metal concentrations in soil and plant parts of the selected plant species

Metal Plant parts Plant species
Arg Rum Cyp Typ Sch P-value F-value Rf

Zn Soil 470+ 14.1 19+2.8 20+1.1 22+1.4 21+4.6 1.23 0.287 95?
Root 179.5+7.8 160.5+£9.2 291.5+£10.5 126.5+£5.0 33+£1.2 3.79 0.019 (1-400)°
Shoot 56+9.4 93+2.1 113.5+2.1 108+11.3  41+1.8 5.72 0.005

Cu Soil 50+2.8 49+1.2 30+0.35 90+7.1 22+5.4 4.10 0.015 45%
Root 21+0.35 12.5+0.31 145+6.1 61+t1.4 6+0.64 2.35 0.079 (7.53-8.44)°
Shoot 11+£0.21 35.5+0.71 36.5+£1.5 125+0.53 9.5+0.28 3.42 0.027

Ni Soil ND ND ND ND ND - - 50°
Root 5+0.57 1+£0.21 3+1.28 22.5+2.1 ND 1.52 0.203 (0.89-2.04)°
Shoot 0.5+0.14 1.5+0.34 7+0.21 10+0.35 ND 1.91 0.129

Pb Soil 31x1.1 40+2.8 20+3.6 19+1.0 21+£2.6 6.4 0.003 20°
Root 5+£0.71 1+0.07 3+0.42 6+0.14 ND 2.63 0.058 (0.2-20)°
Shoot 1+0.5 3+0.14 1+0.28 1.5+0.04 ND 2.65 0.057

Significant differences (P <0.05)
Rf reference, ND not detected
# Average shale (Turekian et al. 1961)

®Normal ranges of metals in plant tissues according to Kabata-Pendias and Pendias (2001)
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Table 3 Heavy metal levels in the tailings dam

Heavy metals (mg/kg) Zn Cu Ni Pb Cd
Tailings soil* 400 130 160 150 4
Average shale® 95 45 50 20 0.3
Background® 500 500 30 40 0.5
Reference! 300 100 100 100 -

*Dried tailings soil from the dam
°Turekian et al. (1961)

“National soil quality standard
dKabata-Pendias and Pendias (2001)

Table 4 Some physicochemical parameters of the tailings and soil

pH Organic C (%) Total N (%)  Available P (mg/kg)
Tailings

7.8 0.55 0.08 2.79
Soil

73+0.12  1.35+0.11 0.12+0.10  5.61+0.23

were 4.2, 2.9, 3.2, 7.5, and 13.3 times, respectively, above
the average shale values (Table 3). The increased heavy
metal concentrations in the tailing dam might be due to the
association of the gold-ore with pyrite (FeS,), chalcopyrite
(CuFeS,), galena (PbS), sphalerite (ZnS), violarite (FeNiS,),
and other ores (Zenebe 2006) which are potential contribu-
tors to the metal pollution in the tailings dam. In relation to
physicochemical parameters, the mean pH of soil collected
beneath each plant species is 7.3 +0.12 which does not show
variations as such (Table 4).

Metal concentration in plant tissues

Unilateral F-test on the accumulation of each metal sepa-
rately in the plant parts (Table 2) indicated that the accumu-
lation of heavy metals in the shoot is more significant for
Zn followed by Cu, Pb, and Ni with F-values: 0.005, 0.027,
0.057, and 0.129, respectively, whereas the accumulation of
heavy metals in the root is more significant for Zn followed
by Pb, Cu, and Ni with F-values: 0.019, 0.058, 0.079, and
0.203, respectively.

The metal concentrations in the roots and shoots showed
similar variations of the CV values with decreasing order:
Ni>Pb> Cu>Zn (Table 2). The CV values in shoot and
roots were (117.1, 84.2, 65.4, and 39.1) and (146.9, 85, 95.2,
and 61.2), respectively. Nickel showed the highest concen-
tration of variation with CV values of 146.9% for the root
part. The variation in the concentration level of Ni showed
the impact of pollution is from anthropogenic activities
rather than lithogenic ones (Adesuyi et al. 2018). Cadmium
was not detected in all the studied plant species.

Cyperus alopecuroides recorded 113.5 mg/kg of Zn
metal in its above-ground parts followed by T. latifolia with
108 mg/kg. Compared to the other heavy metals, A. mexi-
cana, R. nepalensis, and S. sconfusus also accumulated a
higher amount of Zn in its roots and shoots. The present
study showed the plants accumulate by far higher amount of
zinc compared to the shoot of Nymphaea lotus (10.43 mg/
kg) reported by Adesuyi et al. (2018), which was a study
conducted on 14 wetland plants of Lagos Lagoon, Nigeria.
Maximum zinc concentration of 220 mg/kg in the root of
E. glaucophyllum was reported by Jeddi and Chaieb (2018)
which is still lower than 291.5 mg/kg by C. alopecuroides of
the current study. For all plant species, the concentrations of
Zn were higher in roots than in shoots (Fig. 2) which show
low mobility of Zn from roots to shoots (Tripathi and Misra
2013). The current study revealed the selected plants are not
hyperaccumulators for zinc but accumulated a good amount
in roots and shoots. Hyperaccumulators for zinc metal are
defined as those plants that accumulate > 10,000 mg kg™" of
Zn (Wechtler et al. 2019).

The concentration of Cu in the roots of the plant species
varied from 6 to 61 mg/kg. Typha latifolia accumulated the
highest, while S. sconfusus accumulated the lowest Cu in
its roots. The level of Cu accumulation in shoots ranged
from 11 mg/kg in A. mexicana to 36.5 mg/kg in C. alopecu-
roides. The amount of Cu accumulated by the studied plant
species is lower compared to other similar studies under-
taken by Ameh and Aina (2020) and Chang et al. (2018)
which recorded 318.00 to 6217 mg/kg and 41.36 mg/kg
to 251.07 mg/kg, respectively. However, the results of the
accumulated Cu in the present study are roughly similar to
the one reported by Kumar et al. (2013) which was 28.7 to
45.47 mg/kg. From the studied plant species, A. mexicana
and T. latifolia accumulated higher concentrations of Cu in
their roots while R. nepalensis, and C. alopecuroides accu-
mulated higher Cu concentration in their shoots. Hyperac-
cumulators are those plants that accumulate > 1000 mg kg~!
of copper metal (Sainger et al. 2011). The accumulation of
Ni in roots of plant species ranged from 1.0 to 22.5 mg/kg.
The T. latifolia accumulated the highest value of 22.5 mg/kg
in the roots. This value is higher than 6.6 mg/kg reported by
Chang et al. (2018) for J. bufonius roots and also 3.58 mg/kg
found in the root of S. pruinosa, another study by El-Amier
et al. (2017). The concentration of Ni in shoots of plant spe-
cies ranged from O to 10 mg/kg. The largest concentration
of Ni in the shoot was recorded by T. latifolia, while the
lowest concentration in the shoot was seen in S. sconfusus,
which was not detectable. The value recorded in the shoot
was lower than a similar study done by Chang et al. (2018)
for W. nubigena plant which was 26.8 mg/kg Ni concentra-
tion. For this study, the lowest concentration in the shoot
indicated not-detectable and is also similar to the study con-
ducted by Tripathi and Misra (2013) for Cassia tora L. plant.
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Fig.2 Heavy metal concentrations in soils and plant tissues of the selected species

The concentration of Pb in the root varied between not-
detectable to 6 mg/kg. The highest concentration of Pb
was shown by T. latifolia, whereas it was not detectable in
R. nepalensis. The highest value recorded in this study is
lower than 189 mg/kg of Pb in Nicotina glauca reported
by Santos-Jallath et al. (2012). The concentration of Pb
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in shoots of plant species ranged from not-detectable to
3 mg/kg for S. sconfusus and R. nepalensis, respectively.
Compared to another similar study, Kumar et al. (2013)
have reported 242.39 mg/kg Pb in the root of C. procera
plant species. This value is by far greater than the current
study which is 3 mg/kg for R. nepalensis plant. Cadmium
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was not detected in all the plant tissues and soil collected
under the roots of each plant.

In general, the concentrations of Zn and Pb in the studied
plants’ shoot were in normal ranges according to Kabata-
Pendias and Pendias (2001). However, Cu showed concen-
trations in shoot above the normal range for all plant species,
while C. alopecuroides and T. latifolia accumulated Ni more
than the normal range in their shoots about 3.5 and 5 times,
respectively. Moreover, among standards for hyper accumu-
lator plants, a plant accumulating metals in shoot 10-500
times as much as those in normal plant can be considered
as a hyperaccumulator (Sainger et al. 2011). However, in
the current study, no plant species can be considered as a
hyperaccumulator based on this standard.

Pair wise comparison of metals in plant parts (shoot and
root) among the selected five plant species were tested using
ANOVA (P <0.05), followed by post hoc analysis using
Tukey’s honestly significant difference (HSD) as showed in
Table 5. Similar trends were observed in the accumulation
of pairs of heavy metals in the shoot and root parts. The
plants’ ability in accumulating a pair of heavy metals, which
are present together, in both shoots and roots are differed
significantly in decreasing order: Zn-Pb > Zn-Ni>Zn-Cu >
Cu-Pb > Cu-Ni > Ni-Pb. The ANOVA result was significant
for Zn-Pb, Zn-Ni, and Zn-Cu pairs, indicating significant
differences in accumulating pairs of these heavy metals in
the shoot and root parts of the plants species.

Similarly, ANOVA following Tukey’s post hoc test
among plant parts and soil of the plant species (Table 6)
showed there is no such significant difference between plant
parts in accumulating Zn, Cu, and Ni. However, Pb showed a
significant difference in soil verses root and soil verses shoot

with (r=6.68, P <0.000) and (r=7.17, P <0.000) respec-
tively. This might indicate toxicity of Pb for some of the
selected plant species.

Metal accumulation and translocation in plant
species

The bioaccumulation of metals in shoots, roots, and con-
centration ratio values of the five plant species were shown
in Table 2. The TF, BCF, and BAC were used to evaluate
the ability of studied plants to uptake metals from the soils
and translocating them to the shoots. Plant species with TF
and BCF greater than 1 are suitable for phytoextraction of
heavy metals (Pilon-Smits 2005; Yoon et al. 2006), while
those plant that shows TF and BCF less than 1 are unsuit-
able for phytoextraction (Fitz and Wenzel 2002). From the
studied plant species, the highest TF and BCF values (3.00
and 14.58) were recorded in Rumex nepalensis Spreng. and
Cyperus alopecuroides Rottb., respectively. The lowest TF
and BCF value, 0, was observed by Schoenoplectus confusus
(N.E.Br.) Lye for Ni metal.

Biological factors

The ANOVA result was significant (Table 7), indicating
significant differences in translocation among plant parts
and soil. TF values>1 (1.24, 2.84, 2.52, and 1.58) for Cu
metal were shown by A. mexicana, R. nepalensis, C. alope-
curoides, and S. sconfusus, respectively. This implies the
plants’ ability to accumulate Cu metal in their above-ground
parts and which makes them suitable for phytoextraction.
In addition, TF values> 1 (1.5 and 2.33) for Ni metal were

Table 5 Comparison of heavy

T X Metals Shoot Root

metal-pairs in the in the shoots

and roots of the plant species Contrast  t-value  P-valuer  ANOVA  Contrast  t-value  P-value =~ ANOVA
ZnvsCu 613 5.49 0.000 * 135.2 443 0.002 *
Zn vs Ni 78.5 7.03 0.000 * 151.9 4.98 0.001 *
Zn vs Pb 81.0 7.26 0.000 * 155.2 5.09 0.001 *
Cu vs Ni 17.2 1.54 0.438 NS 16.7 0.55 0.946 NS
Cu vs Pb 19.7 1.78 0.325 NS 20.0 0.66 0.912 NS
Ni vs Pb 2.5 0.22 0.996 NS 33 0.11 1.00 NS
Significant differences (Tukey’s HSD test at P <0.05); *significant NS =not significant

Table 6 ANOVA following Plant parts and soil ~ Zn Cu Ni Pb

Tukey’s post hoc test among

plant parts and soil of the plant t-value  P-value  t-value  P-value f-value  P-value t-value  P-value

species
Shoot vs root -093 0.634 -0.15 0.988 -0.67  0.787 -0.49  0.877
Soil vs root -0.58  0.831 1.87  0.189 -1.68  0.253 6.68 0.000
Soil vs shoot 034 0372 202  0.150 —-1.01  0.583 7.17 0.000

Significant differences (Tukey’s HSD test at P <0.05)
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Table 7 Translocation factor,

. . Species TF
bioconcentration factor, and

BAC

biological accumulation Zn Cu Ni

Pb Zn Cu Ni Pb Zn Cu Ni Pb

coefficient of the plant species

Arg 0.31 1.24  0.10
Rum 0.58 284 1.50
Cyp 0.39 252 233
Typ 0.85 020 0.44
Sch 1.24 1.58 0.00
Mean 0.67 1.7 0.87
Stdev 0.38 1.1 1.0

CVv 56.2 62.9 115
F-value 3.98 3,56 194
P-value 0.016 0.024 0.13

0.20 0.38 1.57 0.00 0.16 0.12 0.22 0.00 0.03
3.00 8.47 0.25 0.00 0.02 4.89 0.72 0.00 0.07
033 1458 0.48 0.00 0.15 5.68 122 0.00 0.05
0.25 5.75 0.67 0.00 032 491 0.14 0.00 0.08
0.00 1.57 0.27 0.00 0.00 1.95 0.43 0.00 0.00
0.76 6.2 065 a 0.13 35 055 a 0.05
1.3 5.7 57 - 0.13 24 0.44 - 0.03
167  93.0 838 - 99.1 190 803 - 69.8

1.34 2.4 267 - 226 3.31 278 — 3.20
0.25 0.07 0.06 - 0.09 0.03 005 - 0.03

Differ significantly at P <0.05

4Concentration of Ni in soils collected beneath the plants’ roots was below the detection limit

recorded by R. nepalensis and C. alopecuroides which shows
the plant’s ability to accumulate Ni in its shoots. In gen-
eral, the plants which show TF>1 is an indicator for the
plant’s ability to transport metal in the upper parts of the
plant (Khan et al. 2022) and can be used for phytoextraction
(Waris et al. 2022). All plant species except R. nepalen-
sis have shown TF value for Pb < 1, which indicates these
plants can accumulate Pb but cannot translocate it to their
shoots. That means they have potential as Pb stabilizers and
hence are excluders (Ameh and Aina 2020). In addition,
the translocation of Pb in a plant is usually small due to its
toxicity (Yoon et al. 2006). For most plant species when
TF values for Zn decrease, TF values for Ni increase and
vice versa. This shows that the absence of essential nutrients
like Zn in the soil might be making the plant accumulate
non-essential nutrients like Ni (Annan et al. 2010). Of the
studied plant species, only S. sconfusus showed TF, BCF,
and BAC values > 1 which makes the plant species suitable
for phytoexrtaction for Zn metal. This finding agreed with
the study undertaken by Ameh and Aina (2020). Based
on the average TF of all plant species, the ability of plant
shoots in translocating the heavy metals is in the order of
TF: Cu>Ni>Pb>Zn.

Rumex nepalensis, C. alopecuroides, and T. latifolia
had a high BCF (8.47, 14.58, and 5.75 respectively) and
low TF (0.58, 0.39, and 0.85 respectively) for Zn, showing
potential for phytostabilization of this metal (Ameh and
Aina 2020; Berkaoui et al. 2022). For Ni and Pb metals,
all plant species have shown a BCF value of less than 1,
which indicates a low accumulation of the plants in their
roots, whereas BCF values of Zn are much higher than Cu,
Ni, and Pb. This shows the high ability of these plants to
accumulate Zn in their roots compared to other metals.
Based on the average BCF of all plant species (Table 7),
the capacity of the plant in accumulating heavy metals in
their roots becomes Zn > Cu > Pb. Except A. mexicana, all

@ Springer

plant species have showed BAC values greater than 1 for
Zn metal. It shows a special capacity of the plants to extract
and transfer metals from soil to the plant shoot. These plant
species can be used for phytoextraction of metals (Sabir
et al. 2022).

Conclusion

Results of this research indicated that all plant species are
accumulators for the studied heavy metals. The mean con-
centrations of Zn, Cu, and Pb in soil samples were higher
than the shale average values. Although there are no hyper-
accumulators, some plant species have accumulated a high
amount in roots and above-ground parts which makes them
suitable for phytoextraction and phytostabilization. TF
values > 1 (1.24, 2.84, 2.52, and 1.58) for Cu metal were
shown by A. mexicana, R. nepalensis, C. alopecuroides, and
S. sconfusus, respectively. In addition, TF values>1 (1.5
and 2.33) for Ni metal were recorded by R. nepalensis and
C. alopecuroides. These imply the plants’ ability to accu-
mulate Cu and Ni metal in their above-ground parts and
make them suitable for phytoextraction. All plant species
except R. nepalensis have shown TF value for Pb < 1, which
indicates the studied plant species are excluder for Pb metal
due to its toxicity. Rumex nepalensis, C. alopecuroides, and
T. latifolia had a high BCF (8.47, 14.58, and 5.75 respec-
tively) and low TF (0.58, 0.39, and 0.85 respectively) for Zn,
showing their potential for phytostabilization of this metal.
The collected plant species have capability to transfer metals
from roots to shoots as well as stabilize metals in their roots
and could be used for the phytoremediation of multi-metals
contaminated soil. Our findings suggest concentrations of
Cu in shoot showed above the normal range for all plant
species, while C. alopecuroides and T. latifolia accumulated
Ni beyond the normal range in their shoots.
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