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Abstract. This study assessed the residual contaminant load of three groups of
artisanal gold mining (ASM) impacted lands, thereafter, phytoremediation tech-
niques using Jatropha curcas, Manihot esculenta and organic amendments were
used for mitigation. A total of 110 soil samples from 30 ASM sites were inves-
tigated for their total contents of Cd, As, Pb, Hg, Zn, Fe and Al. After sample
digestion, ICP-MS was used for content determinations. Using activated neem
seed extracts (NE) and poultry manure (PM) at different application rates, the phy-
toremediation potentials of Jatropha curcas andManihot esculentawere assessed
for 270 days after planting. The obtained data were analyzed with SPSS statistics
28 for the ANOVA. The results indicated mining spoils were suppliers of toxic
elements in the soil however, their distributions per contaminant varied based on
the properties of the ore materials mined. As a result, mine spoils created the
processing of oxide and underground rock ores supplied contents of As, Fe, Al,
Cd and Zn much more than alluvial mining sites and above tolerable threshold
levels. Both J. curcas and M. esculenta exhibited phytostabilizing potentials as
larger portions of absorbed elements were stored in their root organs. However,
the application of a 25%mixture of neem seed extract and poultry manure or 25%
poultrymanure only (w/w) to soils reduced the uptake capacity of potentially toxic
elements by J. curcas and M. esculenta by 19-38% and 10.4-45% respectively.

Keywords: Mine spoil · Potentially toxic elements · Phytoremediation

1 Introduction

Due to their presence in the food chain and related health implications, potentially toxic
elements “PTEs,” in the ecosystem have drawn more attention globally [1, 2]. Even
though their presence in the environment may be natural, PTEs loads in the ecosystem
have been dramatically worsened by anthropogenic channels such as pharmaceutical
products, untreated wastewater discharges, agrochemicals, mining, and ore processing
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[1, 3, 4]. With their binding connection with ore bodies, mine wastes have been regarded
as hotspots for PTEs like Al, As, Pb, Ti, Cd, Fe, Mn, Ni, and V in the environment
[5, 6]. This means the quality, safety, and integrity of environmental media including
plants, air, soil, and surface and groundwater resources, near mining areas are thereby
compromised because of their persistence [7, 8].

Because of historical mining and/or industrial use reasons, many areas in Southern
and Central Saxony, North Rhine-Westphalia, Germany have predominantly high levels
of PTEs in their soils, making some of them unsafe for use as playgrounds for kids [2, 9,
10]. Near a silver mine in Iran, different Cr, Cd, and Hg concentrations that were higher
than their permissible threshold levels were discovered [4].While the tremendous indus-
trialization effort in China alone was responsible for approximately 2 million hectares of
polluted soils at a rate of 46,600 ha/year [11]. The result is the significant contamination
of terrestrial and aquatic environments, as well as of their products, which has a negative
impact on health and the ability of the world to achieve environmental sustainability [4].
Because most PTEs are often not biodegradable, human exposure to levels beyond the
acceptable threshold results in increased health risks as they easily get absorbed into
their tissues [12].

There are many ways to clean up PTEs-filled media which may include biological,
chemical, or physical [13]. However, the implementation of any choice has additional
effects on price, soil quality and structure, and the viability of implementation in vast
regions. Interestingly, compared to conventional treatment approaches, phytoremedia-
tion has shown to be a more economical and environmentally favourable [14–17]. There
are numerous phytoremediation methods, including rhizodegradation, phytoextraction,
phytostabilization, phytofiltration, phytodegradation, and phytovolatilization [13, 18].
However, their relevance depends on the intended outcome of the program for soil reme-
diation because different plants have unique qualities for adaptability and effectiveness.
However, for increased success rates the use of native hyperaccumulators that are well
adapted must be ensured [15, 19]. In the Ghanaian setting, different types of ore bod-
ies are mined and processed artisanally. However, all previous studies have treated such
mine spoils as similar entities devoid of the characteristics of the parent materials mined.
Additionally, investigating phytoremediation which is reasonably inexpensive and sim-
ple to implement presents a more sustainable option. However, inadequate information
on the management options for potential accumulator plants exists. In most instances,
native plants that had naturally colonised a site were examined for their PTE contents.
In this case, background physicochemical and growth conditions were unknown or fore-
casted in some instances. Therefore, this investigation was carried out to ascertain the
potential differences in total contents of Cd, As, Pb, Hg, Zn, Fe and Al contaminant
load in different artisanal mining sites and phytoremediate them using native plants and
organic amendments.

2 Materials and methods

2.1 Geology of Study Location and Sampling

This study was undertaken between January 2020 and July 2022 in Southern Ghana.
The geology of the area falls within the Paleoproterozoic Tarkwaian and Birimian group
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formations and receives an average rainfall of about 1900 mm per annum [20]. The area
is a hot spot for artisanal mining due to the presence and richness of free metallic gold
dust [21]. Triplicate soil samples from 30 artisanal mining sites were further categorised
into three distinct groups due to their differences in the type of ore materials mined
and their resultant mine spoil characteristics. Whilst 20 independent soil samples from
nearby (>1 km) forest areas were taken for control purposes. Thus, a total of 110 soil
samples were analysed in this study. The digestion and analysis of processed samples
were done according to the methods used by Okoroafor et al. [17].

2.2 Experimental Design

In a pot experiment conducted outside of a greenhouse, bulk soil from a mining site with
well-determined physicochemical parameters (Average total contents of 28.52, 326.17,
30.08, 7.60, and 261.39 mg/kg of Cd, As, Pb, Hg, and Zn, respectively) was used. For
the removal of PTEs from the soil by plants, nursed Jatropha curcas seedlings and
pre-sprouted Manihot esculenta stem cuttings were used. Different kinds and amounts
of organic amendments were added to the mine soil before curation and independent
planting. These included thoroughly mixing both activated neem seed (NE) and poultry
litter (PM) at application rates of 15%and 25% (w/w), or independently at the same rates.
Destructive harvesting was carried out 270 days after planting (DAP) where soil samples
and plant parts (shoot and root) were washed thoroughly and air-dried and milled for
further analysis using the methods mentioned above. Using IBM SPSS version 28, a
one-way analysis of variance (Welch test) between means was made between mine spoil
types and bioaccumulation abilities of plants under the different treatments at a 95%
significance level.

3 Results

3.1 Contaminants in Mine Spoil Types

The chemical distribution of target contaminants in the different mine spoils is presented
in Table 1. Apart from soil As the total average contents of all PTEs in the forests were
within tolerable limits whilst the Urs and OxS mine spoils were more contaminated than
the Avs mine spoils.

3.2 Biostimulation Effects of Organic Amendments on Plant’s Phytoremediation
Abilities

Although both plants absorbed target PTEsmostly through their roots, distinct treatments
had varying effects that were statistically different (p< 0.05) from one another. For
instance, the application of 25% NE+PM resulted in the largest decrease in PTE uptake
by both test plants. Aside from Cd uptake (in both shoot and roots) and Pb uptake (in
the roots alone) in J. curcas (Figure 1), M. esculenta surpassed J. curcas in the uptake
of Pb and Zn by 10.3 and 6.6%, respectively, whilst J. curcas exceeded it in the removal
of soil As, Cd, and Hg by 13.4, 0.02 and 6%, respectively.
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Fig. 1 Total PTEs in soils after the application of organic amendments

Under all treatment conditions, J. curcas and M. esculenta showed output ranges
(min-max) of 37.0–77.1% and 30.3–63.7% for As, 37.8–75.5% and 32.9–74.4% for
Cd, 37.8–75.5% and 32.9–74.4% for Pb, 44.0-72.2% and 44.1-66.2%, for Hg and then
34.5–77.0%and36.1–83.6% for soil Znmore than their respective controls.However, the
application of 25% NE+PM followed by 25% PM caused the largest immobilization of
PTEs in soils than the remaining amendment additions/ rates. Both plants’ limited shoot
accumulations often followed the same trend as their corresponding root accumulation as
no shootwas able to absorb up to 30%of the target PTE under the various treatments. The
applied organic amendments further resulted in up to 1.25 higher in dry biomass weights.
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4 Discussions

4.1 Contaminants in Mine Spoil Types

The differences (p < 0.05) in PTE load between different types of mine soils and for-
est soils demonstrated the potential influence that human-induced weathering through
mining and the variations in the geochemical characteristics of the ore materials mined.
Thus, rocks and oxide gold ores were larger suppliers of PTEs in the mine environment
than the alluvial ore forms. According to Bundschuh et al. [22], the cumulative levels of
both Fe and Al, and then As in at UrS and OxS sites investigated surpassed the 20,000
and 5 mg/kg maximum background contents for natural soils, respectively as these ele-
ments have binding connections to gold. We found that the dangers of UrS and OxS
mine spoils were largely due to extreme contents of As, Hg and Cd and pose serious
ecological safety and human health concerns as the order of site contaminations was
OxS> UrS> AvS> FS amongst sites.

4.2 Immobilization Effects of Organic Amendments on Plant’s Phytoremediation
Abilities

Whereas the test plants were able to absorb appreciable contents of soil PTEs, the
decreases even though varying in plants’ PTE uptake in response to applied organic
amendment demonstrates their different influence on soil geochemistry and plant phys-
iology. Thus, adding 25% NE + PM to soils may have given soils the combined advan-
tages of biochar addition, which includes the sorption of PTE to itself and made them
not readily available for uptake by plants. Whilst the delivery of nutrients and carbon
to soils for plant growth through the addition of PM increased biomass production [23–
25]. Therefore, compared to other treatments, this combination may have improved soil
governing conditions such as soil nutrient enrichment and improved soil microbial func-
tions. Owing to the limited capacities for shoot uptake which caused a lower transfer
coefficient < 1, J. curcas and M. esculenta may be best used as phytostabilizers [26].
The application of 25% NE + PM followed by 25% PM can further immobilize soil
PTE that might have been absorbed by plants.

4.3 Conclusion

To efficiently reclaim degraded mining soils, knowledge about their contaminants load
is required. This study, therefore, analysed 110 soil samples from 30 artisanal mine
sites which had visible disparities in their spoil characteristics due to differences in ore
materials mined and processed. Laboratory analysis showed that, sites, where hard rocks
and oxide gold ores were mined and processed, contained contents of PTEs far above
their respective tolerable threshold limits as compared to alluvial mine spoils or forest
soils. The toxicity to ecosystem fell in the order OxS > UrS > AvS > forest soils.

The use of J. curcas and M. esculenta proved to be efficient in phytostabilising
multi-contaminated soils due to their high root bioaccumulation potentials than in above-
ground parts. However, the addition of 25% activated neem seed extract and poultry
manure was able to decrease the uptake of more toxic elements in the soil by plants
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than in their natural state. Using effective root cleansing plants can offer opportunities
to reduce possible toxicity to primary consumers in the food web.
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