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ABSTRACT

Indonesia comprises a high diversity of plant species, some of which may have a potential role as metal phytoaccu-
mulators including gold (Au), known as phytomining agents. Some local plants grown at the metal-contaminated
sites can become potential phytoaccumulators due to their adaptation capability to the metal-polluted conditions.
Phytomining is one of the eco-friendly methods usually used to extract lowgrade metal bio-ore from the environ-
ment and this method can be applied on gold tailing waste. This study aimed to find the hyperaccumulator plants
selected from a gold mine area, which can be applied for a gold (Au) phytomining agent. The study was located
in Aneka Tambang Inc. (PT. ANTAM-UBPE Pongkor), Bogor, West Java, Indonesia. A vegetation analysis
was carried out using a transect experiment on the area around gold mine tailings dam, and the samples were
collected for further analysis. Tailings were sampled for metal analysis, while the plant samples including the
below-ground and above-ground part of biomass were separated, washed, and weighed for the biomass and
metal analyses. The total concentration of gold in the plants and tailings was measured by using a graphite fur-
nace atomic absorption spectrophotometer (GF-AAS). There were 17 plant species identified as gold accumula-
tors collected from the gold mine tailing area, which were potential phytomining agents. The gold measurement
showed that all plants species had the ability to absorb gold residues from the tailings dam, indicating that all the
plants have a potential role as gold phytoaccumulators. Among the species, Typha angustifolia had the highest
importance value index (IVI) followed by Cyperus haspan. The results showed that 7. angustifolia and C. has-
pan were among the plants with the highest potential as Au phytoaccumulators to support the gold phytomining
program for the gold mine tailing area.
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INTRODUCTION

Indonesia is among the countries character-
ized with mega biodiversity, including plant spe-
cies. Many types of plants have the potential ca-
pability as phytoaccumulators of metal. A phyto-
accumulator is a plant that has the capability to
absorb contaminants in the soil, transport them
through the roots, and then accumulate them in
other parts of the plant (Tangahu et al., 2011).
Certain plants (hyperaccumulators) can absorb

certain metals in high amounts with a relatively
short period. Hence, these plants can be used as
phyomining agents. A phytomining agent usu-
ally should be chosen from local plants grown
naturally around the metal-contaminated sites,
because these plant species have already adapted
to polluted conditions for a long time (Wolfe &
Bjornstad, 2002). Phytomining is an economi-
cally and environmentally friendly technology in
comparison to heap leaching. Phytomining also
has the potential to allow economic exploitation
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of low grade ores or mineralized soils that are
too poor for conventional mining operation
(Sheoran et al., 2013).

In the area of gold mining, the high content of
heavy metals in tailings is one of the greatest prob-
lems of contaminants that have a negative impact
on organisms including the plants around the con-
taminated areas, such as the tailings dam. Fashola
et al. (2016) explained that the tailings produced
from gold processing contain high amounts of
heavy metals due to various metal-containing
materials resulting from the separation and puri-
fication of gold. Hilmi et al. (2018) for example,
found that lead (Pb) is among the non-essential
heavy metals contained in gold mine tailing waste
with considerably high concentration.

There are two types of ore in primary gold
mining activities: the ore with high and low gold
concentrations (Alimano & Rinjani, 2017). Re-
cently, even though the mining technology has
been much more advanced, it still cannot extract
100% of the gold stored in minerals/sediments
(Sheoran et al., 2009). Recovering the remain-
ing gold stored in tailing waste requires advanced
technology that is costly and inefficient.

Plants can absorb and accumulate gold from
their surrounding environment. Gold phytomin-
ing is an eco-friendly method to extract low-
grade bio-ore from minerals/sediments or tail-
ing waste. Phytomining can also recover other
metals such as silver, nickel, platinum, and pal-
ladium (Rodriguez et al., 2007). Several types
of plants have been widely known to have the
ability to absorb and accumulate gold, such as
Helianthus annuus, Brassica juncea, Medicago

sativa, Zea mays, Nicotiana tabacum, Vetive-
ria zizanioides, Alocasia macrorhizos, and Ipo-
moea batatas (Noviardi et al., 2021; Saim et al.,
2020; Alimano & Rinjani, 2017; Krisnayanti et
al., 2016; Wilson-Corral ef al., 2011; Bali et al.,
2010; Marshall et al., 2007).

Many studies have been carried out on the
phytomining of other metals, such as nickel (Ni).
These days, more than 700 hyperaccumulators
have been described, more than 80% of them ac-
cumulating nickel (Jaffre ef al., 2018). However,
the study on gold phytomining is still limited,
especially by utilizing some weeds grown on the
gold mine area. The purpose of this study was to
identify the local plants in the area around the
tailings dam that can absorb and accumulate high
amounts of gold metal in order to be applied for
gold phytomining.

MATERIALS AND METHODS

Study site

The materials (plants and gold mine tailings)
used in the study were collected from the area
around tailings dam of PT Aneka Tambang (AN-
TAM) UBPE Pongkor, Nanggung District, Bogor
Regency, West Java, Indonesia. ANTAM Inc. is a
national mining company that processes several
minerals in Indonesia. The location of samples
collection in ANTAM UBPE Pongkor was speci-
fied by latitude: 6° 39’ 44” S and longitude: 106°
35’ 6” E. The specific location of the tailings dam
can be seen in the Figure 1.
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Figure 1. Sampling location of the plants in tailings dams of PT. Aneka Tambang
(ANTAM Inc), UBPE Pongkor, Bogor Regency, West Java, Indonesia
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Sampling of plants and gold tailing waste

This research was conducted from November
2019 to May 2020. The plants and gold tailing
waste were collected from the area around the tail-
ings dam in PT Aneka Tambang (ANTAM Inc.).
Three stations were selected to collect samples.
The line transect method was applied to retrieve
the plant samples. Three lines transect (each with
a length of 9 meters) with plot sized 3x3 meters
were established in the area around the tailings dam
(front area, middle area, and back area), with three
replications. The identification of plants and the
analysis of plant physiology were conducted at the
Plant Physiology and Genetics Laboratory, Depart-
ment of Biology, IPB University, Bogor, Indonesia.

Plant communities analysis

The plant community analysis was carried out
to measure frequency, density, important value
index (IVI), and species diversity index (H’). The
IVI value (Understory plant) was obtained from
the density and frequency values of the plant spe-
cies (Odum 1971).

IVI (Understory plant) = )

Frequency relative + Density relative
While, the criteria for species diversity index

value (H”) are as follows (Magurran 1988):

e H’>3: The diversity index categorized as high,

e | < H’<3: The diversity index categorized as
medium,

e H’<1: The diversity index categorized as low.

Plant growth analysis

Plant growth was analyzed by measuring
shoot length, root length, shoot dry weight, and
root dry weight. The dry weight of shoots and
roots was measured after the plants were dried in
an oven at 70 °C for 4-5 days.

MDA analysis

Malondialdehyde (MDA) levels were deter-
mined as an indication of oxidative stress levels
in a plant. The MDA analysis was measured using
the formula (Wang ef al. 2013):

MDA (umol mL™* BB) = 2)
=645 % (A,,,-A,,) - 0.56 XA,

532

MDA : malonedialdehyde levels

A,., :absorbance at wavelenght (A) 450 nm
A.,, :absorbance at wavelenght (A) 532 nm
A, :absorbance at wavelenght (A) 600 nm

Gold analysis

All local plants were harvested, and then the
plant shoots and roots were separated, washed,
and weighed. The harvested plants were dried in
the oven for 72 hours at 70 °C. In order to ana-
lyze gold in tailings and plants, 0.5 gr subsamples
were digested using a mixture of 5 ml aqua regia,
10 ml nitric acid, and 5 ml hydrogen peroxide.
Then, the gold content was analyzed by using a
Graphite Furnace-Atomic Absorption Spectro-
photometer (Hitachi Instrument Company Z 2700
series). The gold concentration in each sample
was measured in triplicate, and the average val-
ues were reported.

Data analysis

Biological concentration factor
and translocation factor

The analysis of biological concentration factor
(BCF) and translocation factor (TF) are important
calculated values to determine the accumulation
of gold uptake and distribution in plant tissues.
The BCF value represents a plant’s ability to ac-
cumulate metals into its tissues from the soil or
surrounding environment. The BCF value was
calculated as the ratio of the total gold concentra-
tion in plant roots to the total gold concentration in
the soil/sediment as shown in equation 3 (Herlina
et al., 2020; Yoon et al., 2006).

BCF = [Au] roots / [Au] soil 3)

Where [Au] roots was the total gold concen-
tration in the roots, and [Au] soil was the total
gold concentration in the soil. The criteria for
BCF value are as follows (Wei et al., 2008; Ma-
layeri et al., 2008):

e The BCF values of 1 to 10 indicate high ac-
cumulator plants (hyperaccumulators),

e The BCF values of 0.1 to 1 indicate medium
accumulator plants,

e The BCF values of 0.01 to 0.1 indicate low
accumulator plants,

e The BCF values < 0.01 indicate non-accumu-
lator plants.
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The translocation factor (TF) is used to evalu-
ate the phytoextraction potential of a plant. The
TF value was calculated as the ratio of metal con-
centration in the shoots to metal concentration in
the roots as shown in equation 4 (Herlina et al.,
2020; Yoon et al., 20006).

TF = [Au] shoots / [Au] roots “4)

[Au] shoots was the total gold concentration
in the above-ground part biomass, whereas [Au]
roots was the total gold concentration in the be-
low-ground part biomass. The categories for TF
value are as follows (Majid et al., 2014):

e The TFvalue < 1: phytostabilization mechanism,
e The TFvalue > 1: phytoextraction mechanism.

Potential of phytomining

The potential of phytomining (PP) on gold
metal uptake in the environment can be calculated
from the total amount of gold metal in plant and
dry weight biomass of plant per hectare (Chaney
& Baklanov, 2017). The potential of phytomining
calculation was as follows:

PP = [Au] total gold in plant X )
[Dry Weight Biomass] plant

Where [Au] total gold was the total gold
concentration in the above-ground, and below-
ground part (mg/kg), and [Dry Weight Biomass]
plant was the dry weight biomass of plant were
harvested (t/ha). In addition, for the dry weight
biomass estimation obtained from the calculation
of planting with a spacing 5 x 10 cm?.

Statistical analysis

The data summary and calculations were
performed using Microsoft Excel. The statistical

analysis was carried out using a one-way analy-
sis of variance (ANOVA). The difference be-
tween treatment means was determined by Dun-
can’s multiple range test (DMRT) at a 5% level
(P>0,05) using SPSS version 26 software.

RESULT AND DISCUSSION

Plants composition and communities

On the basis of the vegetation analysis, there
were a total of 17 species and 9 families obtained
at the selected study sites. The total number of
plants found in the transects were 1014 individu-
als and the species with the highest number of in-
dividuals were Typha angustifolia (264 individu-
als), Cyperus compactus (230 individuals), and
Leersia hexandra (200 individuals), respectively,
while other species were fewer than 100 individu-
als (Figure 2). Setyaningsih et al. (2018) also ob-
served that 7. angustifolia was the most dominant
plant and grew well in the gold mine tailing area
and had a potential role in the phytoremediation
process. The results indicated that 7. angustifo-
lia had high tolerance to all environmental fac-
tors in gold mining areas, including higher heavy
metals. A previous study also suggested that
T’ angustifolia had the ability to be used for phy-
toremediation of the wastewater containing mer-
cury (Hg) (Rondonuwu, 2014).

On the basis of on the habitus inventory,
the plants found in the transects were predomi-
nated by understory plants (herbs, shrubs, lianas)
with herbaceous species as the most common
(Figure 3A). Greater presence of the understory
plants at the tailings dam location were probably
due to its open ecosystem conditions (no shade
plants or trees). The three highest proportions of
the nine families found in the location belonged
to Poaceae and Cyperaceae (each with 4 species),
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Figure 2. Plant species and number of individuals found in the area around the tailings dam
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followed by Asteraceae (3 species) (Figure 3B).
Some species under the family of Poaceae have
high adaptability, are widely distributed, and able
to grow on dry and flooded land (Aththorick,
2005). According to Guerra-Sierra (2021) some
families such as Euphobiaceae, Asteraceae, Cy-
peraceae, Fabaceae, Poaceae, Lamiaceae, and
Caryophyllaceae have the ability to accumulate
heavy metal in the tropical area.

For further analysis, the data of density, fre-
quency, important value index, and species diver-
sity index are presented in Table 1. Among the
species, I. angustifolia and C. haspan clearly
had the highest relative frequency with the value
of more than 10, while the others were less than
10. The results indicated that these two species
were more evenly distributed than others and the
plants adapted very well in the area around gold
mine tailings dam. A species or organism that is
widely distributed usually has a high frequency
of encounters (Indriyani et al., 2017). The high-
est relative density value was obtained by 7. an-
gustifolia, C. compactus, and L. hexandra. High-
density value describes that a plant species has
a high adjustment pattern. Thus, the results indi-
cated that those species had a high adaptation pat-
tern to the surrounding environment studied. On
the other hand, 5 plant species had lowest-density
values, such as C. diffusa, P. polystachion, J. cur-
cas, Amaranthus sp., and H. capitata (Table 1).

Importance value index (IVI) demonstrates
the role of the plant species in the study area. The
results showed that the plants with higher IVI val-
ues was obtained by 7. angustifolia, C. compac-
tus, and L. hexaandra with 1VI values of 46.14,
30.27, and 27.30, respectively, while others only
had the IVI values of less than 20 (Table 1).
This indicates that those three plants have the
most important role in their community because

17,65%

|
5,aa%| ‘

= Herbs

Lianas

= Shrubs

176,47%

(A)

588% o

17,65%

they have higher IVI values (Asmayannur ef al.,
2012). On the other hand, the plants with the low-
est IVI were C. diffusa, P. polystachion, J. curcas,
Amaranthus sp., and H. capitata.

The species diversity index (H’) calculated
from the study area was around 2.01 (1 <H’< 3),
indicating that the diversity index was categorized
as medium (Magurran, 1988). With this value,
the condition of the ecosystem was also medium,
even though there were indications of ecologi-
cal stresses because of the heavy metals resulting
from the tailings. The previous experiment found
that the soil in this area contains high metals,
poor organic matter, and lower content of macro-
nutrients (Setyaningsih ef al., 2018). Apparently,
only certain plant species have the capability to
adapt and survive under these conditions. Species
diversity is a characteristic of community-level
and structure. The community has a high species
diversity if the community comprises many spe-
cies. Conversely, a community with low species
diversity comprises only a few species. Diversity
has the most significant value if all individuals
come from different genera or species, while the
lowest value is obtained by one genus or only one
species (Setiawan et al., 2017).

Plant Growth

Plant growth was observed according to
several specific parameters, including shoots
length, roots length, shoots dry weight, and roots
dry weight. As shown in Figure 4, the results re-
vealed that 7 angustifolia had the highest shoots
length (190 cm), while E. indica had the highest
roots length (18.5 cm) compared to other spe-
cies. The roots growth is a standard parameter
of plant physiological response to their environ-
ment, including metal stressed one, because it is
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Figure 3. Percentage of plant habitus, and plant families grew on the transects collected
from the area around gold mine tailings dam which comprised three habitus and nine
families. A. Percentage of plant habitus, and B. Percentage of plant families
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Table 1. Analysis of plant communities from the transects in the area around the tailings dam

Species Frequency F';i?aljtfvr]ecy Density Density relative \I/rQIZZrti?\gZi diveSrFs)ieis“ianS dex
Typha angustifolia 0.89 20.02 3.26 26.14 46.14 0.3505
Cyperus compactus 0.33 7.51 2.84 22.77 30.27 0.0123
Leersia hexandra 0.33 7.51 2.47 19.80 27.30 0.1465
Cyperus haspan 0.56 12.51 0.60 4.85 17.35 0.1163
Cynodon dactylon 0.22 5.01 0.86 6.93 11.93 0.3366
Fimbristylis miliaceae 0.33 7.51 0.49 3.96 11.46 0.0262
Eleusine indica 0.33 7.51 0.43 3.47 10.97 0.3203
Spagneticola trilobata 0.1 2.50 0.99 7.92 10.42 0.2005
Mimosa pigra 0.33 7.51 0.16 1.29 8.79 0.0559
Vernonia cinerea 0.22 5.01 0.06 0.50 5.50 0.1276
Cyperus kyllingia 0.1 2.50 0.14 1.09 3.59 0.0491
Mikania cordata 0.11 2.50 0.04 0.30 2.80 0.0123
Jatropha curcas 0.1 2.50 0.02 0.20 2.70 0.0123
Amaranthus sp. 0.11 2.50 0.02 0.20 2.70 0.1847
Commelina diffusa 0.11 2.50 0.02 0.20 2.70 0.0123
5 gl'}’/’s”;i%o’"n 0.11 2.50 0.02 0.20 2.70 0.0262
Hyptis capitata 0.1 2.50 0.02 0.20 2.70 0.0172

closely related to the disruption of cell activity
and plant metabolism (Asati et al., 2016). Roots
are a part of plants that interacts directly with
the heavy metal stress from the environment.
Shahid et al. (2015) explained that heavy met-
als could harm the roots growth and develop-
ment, e.g. resulting in inhibiting root growth,
root differentiation, root cells damage, and even
root cells death. The growth of plant roots and
shoots is mostly inhibited by the waste contain-
ing heavy metals, due to their toxicity even in
small amounts (Asati et al.,, 2016; Hamim et al.,
2017a). In corn, for example, Ghani (2010) re-
ported that the effect of heavy metals (Cd, Cr,
Co, Mn, and Pb) significantly reduced the growth
and protein content of the seeds. The increase in
essential and non-essential heavy metals above
the optimal limit triggers a decrease in growth
through the photosynthesis rate inhibition, water
and nutrients uptake, as well as enzyme activity
inhibition (Asati et al., 2016).

As shown in Figure 5, the results revealed
that the highest shoots dry weight was found in
the T. angustifolia species followed by C. has-
pan, while the highest roots dry weight was
found in the E. indica species. The plant growth
is among the indications of plant adaptability to
the area of gold mine tailing. Lead is one of the
most toxic elements found in high degree in gold
mine tailings (Hilmi et al., 2018). The growth
and biomass of these species, suggesting their
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capacity to adapt and grow under these hard con-
ditions, and therefore the capacity to produce
higher biomass and their domination, becomes
important to determine their capacity as a phy-
tomining agent. Among the species, 7. angusti-
folia and C. haspan, were the most prospective
due to their higher biomass and their other supe-
rior parameters (Table 1, Figure 4).

Malondialdehyde levels

The malondialdehyde (MDA) levels indicate
the oxidative stress levels in a plant resulting from
the lipid peroxidation process in membranes (Hu
et al., 2012; Hamim et al., 2017b). Increasing the
MDA levels indicates that a plant is facing a stress
condition. The presence of metals in the plants
due to high heavy metal exposure in the media
will increase reactive oxygen species (ROS) or
oxygen radicals that cause membrane cell dam-
age and impact increasing MDA production in the
membrane (Wang et al., 2013). Increased levels
of MDA are related to elevated concentrations of
heavy metals in plants.

The analysis of MDA content in the shoot
from 17 species showed that Amarantus sp. and
M. cordata had the highest MDA content (MDA
> 1) of 1.95 mol/g and 1.25 mol/g, respectively.
This indicated that the two species were experi-
encing higher oxidative stress than the other spe-
cies. In turn, C. dactylon had the lowest shoots
MDA levels which amounted to only 0.19 mol/g.
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Figure 4. The average of shoot and root length of the plants in the area around the tailings dam

Some experiment recorded that increasing the
concentration of metal such as lead was directly
proportional to the increase in the MDA level in
the plants such as in spinach and wheat, Jatropha
and Philippine Tung (Andriya ef al., 2019; Hilmi
et al., 2018; Lamhamdi et al,, 2010). Gill and
Tuteja (2010) explained that increasing levels of
heavy metals such as gold (Au), silver (Ag), lead
(Pb), cadmium (Cd), and mercury (Hg) in a plant
significantly raised the production of reactive ox-
ygen species (ROS). These conditions may have
induced the damage of membrane indicated by
the increase of MDA production as a compound
resulting from lipid peroxidation processes. The
lower MDA content of other species probably be-
came good indication of their adaptability to their
unfavorable environment.

Gold metal concentration in plants

The analysis of gold content from 17 plant
species in the transects indicated that all the plants
were able to accumulate the gold from gold tail-
ing waste, although there were differences among
the species (Figure 7). Anderson et al. (2005)
suggested that the plants will be categorized as
gold hyperaccumulator if they can accumulate

gold in their tissues at least 1 mg per kilogram
(ppm) of gold.

The results showed that the concentration of
gold in the shoot samples ranged from 436.09
to 634.55 pg/kg dry weight (with the average
of 541.96 pg/kg dry weight), while in the root
samples it ranged from 443.24 to 758.33 pg/kg
dry weight (with the average of 546.86 pg/kg dry
weight) (Figure 7). The average gold content in the
plant samples ranged from 478.99 to 667.50 pg/kg
dry weight (544.41 pg/kg dry weight in average).
Amaranthus sp. had the highest total concentra-
tion of gold (with the average of 667.5 ng/kg dry
weight). In contrast, P. polystachion appeared to
have the lowest total concentration of gold (with
the average of 478.9 ug/kg dry weight). The con-
centration of gold accumulated by plants was
relatively low and under the criteria of the plant
categorized as hyperaccumulator plants based on
Anderson et al. (2005). So far, the studies report-
ing about gold phytomining using Amaranthus
sp. are still rare, but Pranoto & Budianta (2020)
conducted that a study using Amaranthus spino-
sus and Jatropha curcas, suggesting that these
plants had the capability to absorb lead and ar-
senic very well. Another study in the gold mine
area, Central Kalimantan, Indonesia, Sunariyati
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Figure 5. The average of shoot and root dry weight of the plants in the area around the tailings dam
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et al. (2017) found 11 species that were able to
accumulate gold (Au) with the average concen-
tration of 483.81 pg/kg dry weight. In addition,
the results also showed that about 10 species had
higher concentration of gold in the shoots than in
the roots (Figure 6) suggesting that those plants
categorized as metal extractor. These plants have
the potential as genetic resources for further study
as prospective gold phytomining species in gold
mine tailing area.

Biological concentration factor
and translocation factor

The biological concentration factor (BCF)
value was measured to understand the plant’s abil-
ity to accumulate metals from their environment.
As shown in Table 2, the BCF values obtained for
all plant species were less than 0.1 suggesting that
all plants were categorized as lower accumulator
of gold. Gold metal is not easily soluble in the
soil and is not easily absorbed by plants (Wilson-
Corral et al., 2012). The plant species with the
highest BCF value was Amaranthus sp. (0.0374),
and the lowest was P. polystachion (0.0203).
Even though the differences among the BCF val-
ues were not much, but in general they are statisti-
cally significant (P<0.05) with Amaranthus sp. as
the most had capacity to mobilize gold from the
sediment into the plant tissues (Table 2). The im-
provement of gold absorption may be facilitated
by a chemical assisted by addition some chemical
chelate such as cyanide or thiocyanate and/or by

application of some micronial agent such as en-
dophytic bacteria as well as fungus (Naila et al.,
2019; Sheoran et al., 2016).

The translocation factor (TF) value was var-
ied among the species with 10 plant species had a
TF value > 1, while others had a TF value <1 (Ta-
ble 2). The plants that accumulate metals more in
the roots show a TF value < 1, while a TF value >
1 indicates that metal is accumulated more in the
shoots (Mellem et al., 2009). The plant species
with the highest TF value was M. cordata, while
the plant species with the lowest TF value was
F. miliaceae. The data of the TF value obtained
indicated that most of the plants (60%) collected
from gold mine tailings dam were categorized as
phytoextractor plants.

The plants with the phytoextraction mecha-
nism are expected to have 2 functions; phytore-
mediation and phytomining (Anderson et al.,
2005). The benefit of plant with phytoremediation
capacity is that the accumulator plants can remove
heavy metal pollutants such as lead, mercury, or
other substance such as cyanide from contami-
nated sites via plant absorption. The benefit of the
phytomining capacity is that the plants can absorb
valuable metals such as nickel, gold, and plati-
num and then can be harvested and processed into
bio-ore. A major limitation of the phytoextraction
process is the bio-availability of valuable metals
or elements in the soil. However, there have been
several agronomic methods to enhance the avail-
ability of metals, such as adding chelates and fer-
tilizers or applying microorganisms (mycorrhiza

Table 2. The BCF and TF value of plants in the area around the tailings dam

No Species BCF Indicator TF Indicator

1 | Amaranthus sp. 0.03742 Low accumulator 0.761% Phytostabilization mechanism
2 | Typha angustifolia 0.0297° Low accumulator 1.060° Phytoextraction mechanism

3 | Cyperus kyllingia 0.0295¢¢ Low accumulator 0.891¢%f9 Phytostabilization mechanism
4 | Cyperus compactus 0.0290b< Low accumulator 0.967Pcde Phytostabilization mechanism
5 | Fimbristylis miliaceae 0.02870ce Low accumulator 0.702¢ Phytostabilization mechanism
6 | Hyptis capitata 0.0275bedef Low accumulator 1.034bcde Phytoextraction mechanism

7 | Jatropha curcas 0.0263c¢efs Low accumulator 0.935¢def Phytostabilization mechanism
8 | Mikania cordata 0.0260°¢efs Low accumulator 1.3012 Phytoextraction mechanism

9 | Vernonia cinerea 0.0254¢efsh Low accumulator 1.0930x Phytoextraction mechanism
10 | Spagneticola trilobata 0.0251¢fh Low accumulator 1.04(Qpede Phytoextraction mechanism
11 | Mimosa pigra 0.0246f4" Low accumulator 1.1278bc Phytoextraction mechanism
12 | Cynodon dactylon 0.0239fen Low accumulator 1.072b« Phytoextraction mechanism
13 | Cyperus haspan 0.0237feni Low accumulator 0.949¢def Phytostabilization mechanism
14 | Eleusine indica 0.02329" Low accumulator 1.0810 Phytoextraction mechanism
15 | Commelina diffusa 0.02169 Low accumulator 0.839¢f Phytostabilization mechanism
16 | Leersia hexandra 0.0207! Low accumulator 1.145a0c Phytoextraction mechanism
17 | Pennisetum polystachion 0.0203 Low accumulator 1.161%° Phytoextraction mechanism
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Table 3. The potential of phytomining of the plants in the area around the tailings dam

The average of gold | The average of dry Potential of
No Species Family concentration weight biomass phytomining
(mg/kg) estimation (gr/m?) (Au g/ha)
1 | Typha angustifolia Typhaceae 0.5576 5135.80 2.8636°
2 | Cyperus haspan Cyperaceae 0.5569 5128.27 2.8560°
3 | Eleusine indica Poaceae 0.5818 4182.97 2.4337%
4 | Cynodon dactylon Poaceae 0.4944 4319.70 2.13583¢
5 | Cyperus compactus Cyperaceae 0.5699 3133.67 1.78682
6 | Hyptis capitata Lamiaceae 0.5253 3307.43 1.73813bcd
7 | Leersia hexandra Poaceae 0.5365 2423.83 1.2994bede
8 | Spagneticola trilobata Asteraceae 0.5799 2175.20 1.25980cde
9 | Mikania cordata Asteraceae 0.5612 1948.10 1.0944bede
10 | Mimosa pigra Fabaceae 0.4917 1766.57 0.8959c
11 | Pennisetum polystachion |Poaceae 0.4790 1580.83 0.7580°
12 | Commelina diffusa Commelinaceae 0.4809 1461.37 0.7022c
13 | Fimbristylis miliaceae Cyperaceae 0.5320 759.10 0.4166%
14 | Vernonia cinerea Asteraceae 0.5032 616.90 0.3067¢%
15 | Cyperus kyllingia Cyperaceae 0.6323 303.27 0.1915¢
16 | Jatropha curcas Euphorbiaceae 0.5155 207.40 0.1069¢
17 | Amaranthus sp. Amaranthaceae 0.6675 133.43 0.0894¢

and bacteria) to the soil (Sheoran et al., 2016;
Naila et al., 2019).

The study carried out by Wilson-Corral et
al. (2011) showed that Helianthus annuus and
Kalanchoe pinnata (with the addition of che-
lates) were able to accumulate gold metal up to
10.6-55.6 mg/kg and 9.53-21.7 mg/kg, respec-
tively. They even calculated the potential value
of gold phytomining from previous studies, gen-
erating a net profit of around 15098 dollars (Wil-
son-Corral et al., 2012). However, the most im-
portant factor is the amount of income based on
the price of the metal mined by the phytomining
process. The best metal candidates for the phy-
tomining process are gold, platinum, palladium,
and rhodium, because of their high value (Dinh
et al., 2022). High metal prices will support the
possibility in the spending of chemicals/chelating
agent used to increase metal solubility, fertilizers
to increase soil productivity, and other agronomic
management practices (Handayanto et al., 2017)

Potential of phytomining analysis

Phytomining is an alternative technology that
can be applied for the recovery of valuable ele-
ments when conventional mining is not viable
economically (Heilmeier & Wiche, 2020). Bio-
availability and solubility of metals are among
the main keys for effective phytomining (Piccinin
et al., 2007). The potential of phytomining (PP)
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of the plants in the area around the tailings dam
can be seen in the Table 3.

The results show that the highest potential of
phytomining Au were obtained by 7. angustifo-
lia (2.8636 g/ha Au dry weight) and C. haspan
(2.8560 g/ha Au dry weight), while the lowest
were obtained by J. curcas (0.1069 g/ha Au dry
weight) and Amaranthus sp. (0.0894 g/ha Au dry
weight). T angustifolia, in addition to its high-
er potential in the phytomining process of gold
(Au), it also had phytoextraction ability (TF > 1),
while C. haspan was categorized as phytostabi-
lizator (TF < 1). In other words, among all the
species found in the area around the tailings dam,
T. angustifolia was the greatest potential phyto-
accumulator plant which has capacity as phy-
tomining agent for gold (Au) on the tailing area.
T. angustifolia and C. haspan have been proven
to have good adaptability to many heavy metals
in contaminated areas and therefore were sug-
gested as hyperaccumulator plants (Chandra and
Yadav, 2011; Wirosoedarmo, 2020). In addition,
these species also have huge biomass production
(Sricoth et al., 2017) which supports the total ac-
cumulation of metal extraction for the phytomin-
ing program. Another impotent finding in this
experiment was that Amaranthus sp. which had
the highest Au accumulation (Figure 7). These
plants are categorized as fast growing and have a
lot of seeds. Therefore, they may have the poten-
tial as genetic resources for further development
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using breeding technology to improve biomass
production to support Au phytomining from gold
mine tailing.

CONCLUSIONS

A vegetation analysis from the transects ap-
plied around gold mine tailing suggested that
there were a total of 17 species obtained pre-
dominated by understory plants (dominated by
T. angustifolia). The BCF value indicated that all
plant species were categorized as low accumula-
tor plants (BCF < 1). In turn, in terms of the TF
value, most of the plants (60%) were categorized
as phytoextractor plants (TF > 1). From all spe-
cies observed, 10 had higher gold (Au) concen-
tration in the shoots rather than in the roots, mak-
ing them potential phytomining agents. Among
the species, T. angustifolia and C. haspan, were
the most prospective species due to their higher
values of phytomining potential, biomass produc-
tion and their other superior parameters. It can be
concluded that 7. angustifolia and C. haspan were
the most prospective species and potential phyto-
accumulator candidates to recover gold from the
tailing area with low-grade ores.
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