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Abstract. The rapid growth of the alumina industry has significantly
increased red mud production, with each ton of alumina yielding 0.8 to
1.5 tons of this byproduct. Red mud is a highly alkaline residue
produced during bauxite refining, containing various metals including
chromium (Cr) and vanadium (V), which pose significant
environmental risks if not properly treated. Effective management and
valorization of red mud are essential to mitigate environmental
contamination and exploit its economic potential. Phytomining, a
bioremediation strategy utilizing hyperaccumulator plants, offers a
promising method for extracting economically valuable metals from red
mud. This study investigates the phytomining capacity of Jatropha
curcas and Sansevieria trifasciata to uptake Cr and V from red mud
amended with a 5% sludge-manure mixture. The experiment was
conducted over a 28-day period, during which both species were
cultivated in red mud media with the amendment. The phytomining
capacity of the plants was determined by measuring the metal
accumulation, analyzed on days 0, 14, and 28 using acid digestion and
ICP-OES analysis. Results showed that both plant species preferentially
accumulated metals in their root systems rather than in their aerial parts.
Jatropha curcas absorbed 1.6 mg/kg of Cr and 2.9 mg/kg of V, while
Sansevieria trifasciata exhibited higher uptake, with 2.5 mg/kg of Cr
and 4 mg/kg of V. These findings highlight the phytomining potential
of these species in recovering valuable metals from red mud.
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1 Introduction

Mining is an industrial activity that processes raw materials extracted from the earth, such as
oil, natural gas, and mineral ore. Bauxite mining holds a prominent position within
Indonesia's mining sector. One of the by-products of bauxite ore processing is red mud, a
highly alkaline residue. Annually, bauxite processing generates approximately 70 million
tons of red mud worldwide, as 1 ton of bauxite processing results in 0.8 to 1.5 tons of red
mud [1]. In Indonesia, the alumina extraction plant located in Tayan, West Kalimantan, has
a production capacity of 300,000 tons of alumina per year, generating between 240,000 and
450,000 tons of red mud annually [2]. The high iron oxide content in red mud gives it a
distinct red color, while its high alkalinity (pH of 11-12) and concentrations of sodium and
aluminum make it hazardous to the environment if not managed properly. According to
Indonesian Government Regulation No. 18 of 1999 concerning Hazardous and Toxic Waste
Management, red mud falls under the category of hazardous and toxic waste due to its high
alkalinity, which poses risks to all forms of life [3]. Red mud contains iron oxide, quartz,
sodium aluminosilicate, titanium dioxide, calcium carbonate/aluminate, and sodium
hydroxide, as well as trace amounts of hazardous heavy metals such as chromium and
vanadium [4].

One promising approach to red mud treatment is phytoremediation, a method that uses
plants to remove heavy metals from the environment. The phytoremediation mechanism
involves plants absorbing, degrading, excreting, and stabilizing pollutants such as heavy
metals. Typically, plants used in phytoremediation accumulate heavy metals through their
roots [5]. However, phytoremediation also produces waste in the form of used plants that
have absorbed heavy metals. To address this challenge, an advanced extension of
phytoremediation, called phytomining, has been developed. Phytomining focuses on
cultivating, harvesting, and processing hyperaccumulator plants to recover valuable metals,
creating potential for economic gain [6]. The phytomining process involves producing bio-
ore, which can then be treated through pyrolysis, followed by smelting or acid leaching, and
ultimately, metal extraction by solvent extraction. This eco-friendly approach has advantages
for extracting single or multiple metals and is more cost-effective than conventional ore
mining. Phytomining technology can also contribute to economic development and
infrastructure improvement in existing mining regions [6][7].

Numerous studies have demonstrated the capability of certain plants to accumulate heavy
metals. Jatropha curcas, for example, has been effectively selected for remediating heavy
metal-contaminated soils, particularly those contaminated with nickel (Ni), lead (Pb), and
cadmium (Cd). Its ability to absorb these metals also makes it suitable for remediating soils
contaminated with arsenic (As), chromium (Cr), and zinc (Zn). Studies have shown that
Jatropha curcas can accumulate lead (Pb) at a concentration of 11.4913 mg/kg from coal
waste [8]. Similarly, Sansevieria trifasciata has shown a notable ability to accumulate heavy
metals; it can accumulate lead (Pb) at concentrations of up to 418 mg/kg in leadcontaminated
soils, with the highest Pb concentration found in the roots [9]. Furthermore, research has
shown that Sansevieria trifasciata is capable of accumulating copper (Cu) from soils
contaminated by copper and brass smelting industry waste at a concentration of 12.76 mg/kg
[10].

In this study, fresh red mud samples were obtained from West Kalimantan, Indonesia.
This study investigated phytomining potential of Jatropha curcas and Sansevieria trifasciata
in absorbing chromium (Cr) and vanadium (V) from red mud. The plants were grown in a
red mud substrate amended with manure-sludge mixtures. The addition of manure was
intended to improve the physical, chemical, and biological properties of the soil, thus
enhancing soil fertility and replacing essential nutrients. The addition of sludge aimed to
enrich plant nutrients and utilize readily available domestic sludge [11][12].
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2 Materials and Method

2.1 Sample collection and preparation

The red mud sample was collected from West Kalimantan, Indonesia. Fresh red mud was
chosen due to its higher heavy metal content, which is advantageous for maximizing the yield
of heavy metals obtained through the phytomining process. The red mud was dried under
direct sunlight for approximately 12 hours and subsequently sieved using a 10-mesh sieve
prior to mixing. This sieving process ensured that the particles were of uniform size,
promoting a homogeneous mixture and consistent distribution of red mud with the
amendments to be added.

2.2 Phytomining experiment

In this study, toxicity tests were conducted to evaluate the feasibility of using Jatropha
curcas and Sansevieria trifasciata for phytomining in a medium comprising 95% red mud
and 5% manure-sludge. The primary parameters evaluated included the concentrations of
vanadium (V) and chromium (Cr), with additional parameters such as pH and electrical
conductivity (EC). Moisture content, density, light intensity, temperature, and soil texture
also monitored to provide a comprehensive environmental assessment. The phytomining
process spanned 28 days, during which metal content analyses were conducted on days 0,
14, and 28 to observe metal accumulation in plant tissues over time.

2.3 Metal extraction

Vanadium and chromium levels were determined through the acid digestion method and
analyzed using Inductively Coupled Plasma - Optical Emission Spectroscopy (ICP-OES),
following the Indonesian National Standard (SNI) 8910:2021 for environmental testing. This
analysis aimed to assess residual metal levels in the soil as well as metal uptake in plant
organs (roots, leaves, and stems).

To further understand plant performance and efficiency in metal uptake, the study
calculated the metal tolerance index (MTI), translocation factor (TF), and bioaccumulation
factor (BF), following methodologies proposed by previous studies [19][20]. These indices
enabled a quantitative assessment of metal accumulation patterns and offered valuable
insights into the potential of Jatropha curcas and Sansevieria trifasciata for phytomining
applications in red mud.

3 Result and discussion

3.1 Plant propagation

Propagation aims to multiply the plants that are used in this research, it is allowed to prepare
the number of plants that will be used on phytomining test. Through this process many
aspects are being observed, such as measurements of stem height and root length. Plant
generative phase is also observed in this phase, such as growth of flower as a reproduction
organ [21]. Plant propagation is carried out at least one month before the plant reaches
optimum size for further care [22]. During this process, plants of the same age and similar
height will be selected for running phytomining test.

Jathropa curcas was measured on the first day of propagation, it shows 10 cm based on
stem length of cuttings. This process occurs for 50 days, during this time J. curcas not
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showing neither new shoots nor flowers during observation. This result matches with
previous research which states J. curcas having a vegetating phase at least for 6 months [23].
Based on Figure 1 it shows the growth curve of J. curcas after 50 days of observation. It
shows that J. curcas is still on vegetative phase with an average growth rate of 4-4 cm per
week.
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Figure 1. Growth rate of Jatropha curcas

Sansevieria trifasciata cuttings used on propagation being measured and shown 45 cm
on stem length. Same with the other plant, S. trifasciata propagation is carried out for 50
days. Through observation, neither new shoots nor flowers were shown during the process.
It seems this plant has a slow growth rate when compared to J. curcas. There’s only 1 mm
addition on stem length that’ve been observed on the 30th day. This result is relevant to
previous research states if S. trifasciata shoots growth rate only growth by only 1-2 mm.
Figure 2 shows S. frifasciata growth rate during propagation phase.
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Figure 2. Growth rate of Sansevieria trifasticiata



BIO Web of Conferences 157, 03004 (2025) https://doi.org/10.1051/bioconf/202515703004
SRCM 2024

3.2 Toxicity testing

J. curcas and S. trifasciata are tested on several mixture media to determine minimum
concentration of stimulants required for survival on red mud media. This testing is on
laboratory scale, and is expected to be applied to red mud land covering hectares. Thus, this
test aims to determine the minimum concentration of stimulants to improve critical conditions
on red mud land without reducing the suitability of application in the field. Both J. curcas
and S. trifasciata are tested on the same media mixture, which uses 0%, 5% and 10%
concentration of manure and sludge stimulant mixture. Both plants showed death in media
with 0 % stimulant, while in media with 5 % and 10 % stimulant the plants remained alive
until the 17" day. The results of this toxicity test can be seen in Table 1.

Table 1. Jatropha curcas and Sansevieria trifasciata toxicity test Stimulant = manure + sludge.
Plant Media Mixture Observation Results
Jatropha curcas Red mud 100% The plant dies on the 4% day, marked by
wilting leavles and drying stems.

Red mud 95% + stimulant 5%  The plant still is alive on the 17" day,
indicated by the leavles still being fresh
and green

Red mud 90% + stimulant 10% The plant still is alive on the 17" day,

indicated by the leavles still being fresh
and green

Sansevieria trifasciata  Red mud 100% The plant dies on the 4" day, marked by
wilting leavles and drying stems.
Red mud 95% + stimulant 5%  The plant still is alive on the 17" day,
indicated by the leavles still being fresh
and green

Red mud 90% + stimulant 10% The plant still is alive on the 17% day,
indicated by the leavles still being fresh
and green

The determination of the Lowest Observed Effect Concentration (LOEC), No Observed
Effect Concentration (NOEC), LC50 (the concentration at which 50 % of the test population
dies or shows lethal effects), and Maximum Acceptable Toxicant Concentration (MATC)
was conducted. Based on the results obtained, the LOEC value indicating a toxic effect on
both plants was 1000 grams of red mud, while the NOEC value, which showed no toxic effect
on either plant , was 950 grams of red mud. The accepted MATC of red mud for both plants
were 974.68 grams, and the LC50 value causing 50 % mortality in the test samples was 975
grams of red mud. The results of these determinations are presented in Table 2.

Table 2. Toxicity test result

n
d (Test r (Test o P2 (%
Plant  Stimulan rﬁsg pollutan (N‘i“;be leaf Sulilvi(vg"l live LOE NOE LC5 MAT
t(%) t load mortality mortality C C 0 C
(%) rams) test ) ) )
g leaves)
0% 1000 1000 6 6 0,0 100,0
J.curcas % 1000 950 975 974,68
5% 95% 950 3 0 100,0 0,0
0
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The results presented in Table 2 and Table 3 are depicted in an S-shaped toxicity curve.
The x-axis of this curve represents the pollution load (in grams), while the y-axis represents
the mortality rate of the tested plants. The green line in this graph represents the LC50 value
at 975 grams, and the red point indicates the pollutant load at 950 grams of red mud. This
curve is used to determine the red mud concentration for phytomining testing. Based on the
graphs in Figure 3, a planting medium composition of 950 grams of red mud with the addition
of 5 % manure - sludge and 5 % was selected .
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Figure 3. Toxicity s-curve of (a) J. curcas and (b) S. trifasciata
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3.3 pH and EC effect on phytomining

The parameters observed in this phytomining test included the chromium (Cr) and vanadium
(V) metal content in plants, pH, and electrical conductivity (EC). pH is closely related to the
bioavailability of Cr and V metals. Cr tends to be bioavailable in acidic conditions at pH
below 5.6 [26]. The release of acids, such as citric, tartaric, and oxalic acid, can lead to metal
binding due to chelate formation, which aids in the bioavailability of heavy metals in plants
[27] . Unlike Cr, V is more bioavailable in alkaline conditions [28] The two types of plants
used in this study have different optimal pH ranges for heavy metal absorption. J. curcas
optimally absorbs heavy metals at a pH of 5-6.5, while S. trifasciata is more optimal in the
pH range of 5.5-8.5 [29, 30]. Based on observations, there was a decrease in pH in the
planting mediu. This decrease was caused by CO; gas activity in the soil, where CO, reacts
with water to form carbonic acid [31]. This carbonic acid is responsible for the pH reduction
in the planting medium. In the control reactor, there is a decrease in pH due to the activity of
local microorganisms in the stimulant and planting medium that produce CO,, as their
primary product of metabolism. Figure 4 below shows the pH values in the test reactors.
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Figure 4. (a) pH and (b) EC value on phytomining reactiorsi. J : Jatropha curcas + 95 % red mud + 5
% manure — sludge; S : Sansewiera trifasciata + 95 % red mud + 5 % manure sludge; K: 95 % red

mud + 5 % manure — sludge.

The EC value was one of the indicators observed in this test, where a decrease in EC value
indicates optimal nutrient absorption by plants [32]. This EC value is highly dependent on
the quantity of ions or mineral salts present in the soil [33]. The decrease in EC value is
influenced not only by nutrient absorption by the plants but also by the addition of stimulants
to the planting medium The addition of stimulants such as manure and sludge increases soil
porosity, facilitating water flow within the medium. This water flow results in a reduction of
EC due to the leaching of ions in the soil, as these ions are carried away with the water ,
reducing their concentration in the soil [34]. Therefore, the EC reduction is a positive
indicator in this test. The decrease in EC value in the control reactor was caused by the
watering process, which was also conducted on the control reactor , leading to ion leaching
in the planting medium. Figure 4b shows the EC measurements in the experimental reactors.

3.4 Metal content of V and Cr in plant tissue

Heavy metals present in soil are transferred to plants through transformation processes that
are closely related to bioavailability, which determines the case with which heavy metals can
be absorbed by living organisms. When the bioavailability of a metal is high, heavy metals
are more readily absorbed by plants [35]. According to the results obtained , the bioavailable
Cr content in red mud was 2.25 mg/kg, which increased to 165 mg/kg after the addition of a
5 % manure - sludge stimulant. In J. curcas, the initial Cr content was 2.25 mg/kg in the roots
and 1.35 mg/kg in the aboveground parts of the plant. S. trifasciata had an initial Cr content
of 3 mg/kg in the roots and 1.25 mg/kg in the aboveground parts. Plants grown in normal soil
generally contain 1-5 mg/kg of Cr in their dry weight [36]. The Cr content in soil and plants
throughout the testing process is shown in Figure 5. There was a decrease in bioavailable Cr
on days 14 and 28, indicating Cr uptake by plants in the reactor. By day 28, the reduction
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reached 0.475 mg/kg for J. curcas and 0.35 mg/kg for S. trifasciata. The Cr concentration in
both the roots and aboveground parts of the plants increased; in J. curcas, the Cr
concentration in the roots reached 3.05 mg / kg and in the aboveground parts reached 2.15
mg/kg by day 28. Meanwhile, in S. trifasciata, the Cr concentration reached 4.6 mg/kg in the
roots and 2.15 mg/kg in the aboveground parts .
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Figure 5. Cr concentration on (a) J. curcas and (b) S. trifasciata.

The initial bioavailability of V in the 5 % manure-sludge medium was 13 mg/kg, whereas
V content was not detected in either plant at the initial conditio. InJ. curcas, the accumulated
V content in the roots was observed. The V content during the phytomining process is
presented in Figure 6. Based on Figure 6, on days 14 and 28, there was a decrease in the
bioavailability of V, indicating V uptake by the plants in the reactor. By day 28 , this
reduction reached 9.62 mg/kg for J. curcas and 5.5 mg/kg for S. trifasciata. The Cr
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concentration in both the roots and aboveground parts of the plants also increased; in J.
curcas, the Cr concentration in the roots reached 2.25 mg/kg, and in the aboveground parts,
it reached 0.65 mg/kg by day 28. In S. trifasciata, the Cr concentration reached 1.45 mg/kg
in the roots and 2.55 mg/kg in the aboveground parts. V generally tends to concentrate in the
root area , where it is estimated to accumulate 2 to 1,000 times higher in the roots than in
other parts of the plant [38]. This is demonstrated in J. curcas, where the concentration in the
roots is higher than in the aboveground parts. However, this pattem does not hold in S.
trifasciata, where V is more heavily accumulated in the aboveground parts compared to the

roots.
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Figure 6. V concentration on (a) J. curcas and (b) S. trifasciata.
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It can be observed in all reactors that the bioavailable metal content in the medium
decreased. Heavy metals naturally transfer from areas of high concentration (the medium )
to areas of low concentration (the plant) through diffusion and osmosis. This process occurs
most rapidly at the beginning of phytomining due to the large concentration difference
between soil and plant. From day 14 to day 28, the rate of decrease slowed. This reduction is
attributed to the saturation of the plant's absorption capacity and factors related to medium
conditions, including pH, moisture content, and microbial activity in the soil [38]. In this
phytoprocess, there are several stages that reduce heavy metal levels in the soil. The first
stage is phytoextraction, where heavy metals are absorbed from the medium and distributed
throughout the plant. The second stage is phytodegradation, which involves the breakdown
of heavy metals through soil metabolic systems into less harmful compounds. The final stage
is phytovolatilization, a process by which heavy metals are converted into gaseous forms and
released into the air through plant leaves [39].
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Figure 7. (a) Cr and (b) V Absorption efficiency in J. curcas and S. trifasciata J : Jatrolpha curcas +

95 % red mud + 5 % manure — sludge; S: Sanselvielra trifasciata + 95 % red mud + 5 % manure —
sludge.
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The uptake of bioavailable Cr and V metals was effective in soil medium supplemented with
a 5 % manure -sludge stimulant. Manure itself supplies nutrients and enriches the soil, aiding
the phytoremediation process in contaminated soils [40]. As shown in Figure 7, the uptake
efficiency of Cr and V in S. frifasciata was higher than in J. curcas. This is due fo S.
trifasciata producing secondary metabolites, such as pregnane glycosides, which enhance
pollutant uptake [41]. The absorbed heavy metals accumulate in the roots, where they are
detoxified with the aid of microbes. Pregnane glycosides support microbial activity in
neutralizing toxins and transforming them into amino acids, sugars, and organic acids that
are beneficial for plant growth. The uptake efficiency values exceeding 100 % in Figure 7b
are attributed to an increase in metal bioavailability by day 28, driven by exudates. These
exudates, which are organic acids, serve as an energy source for microorganisms in the
Juzosphere surrounding the roots [42].

Another factor that makes S. trifasciata superior in metal uptake is its classification as a
CAM (Crassulacean Acid Metabolism) plant [43]. This type of plant is capable of
maintaining efficient photosynthetic processes even under highly stressful environmental
conditions [44], ensuring a reliable energy source for the metal uptake process . In contrast
J. curcas is a C3 plant, whose photosynthetic efficiency is highly influenced by
environmental conditions [45], making it less effective than CAM plants in metal uptake
from red mud.

3.5 Bioaccumulation factor (BCF) and translocation factor (TF)

Bioconcentration factor (BCF) and translocation factor (TF) are parameters used to assess
the ability of plants in the metal translocation process. TF is the ratio of metal concentration
in the shoots to the metal concentration in the roots. BCF is the ratio of metal concentration
in the roots to the metal concentration in the soil. The TF and BCF values for Cr and V metals
are presented in Table 3.

Table 3. TF and BCF values of Cr and V metal in plants

Parameter Metal Reactor Day of
Observation
14 28
TF Cr J.curcas + Red mud + 5% Manure — Slugde 0,83 0,70
S. tridasciata + Red mud + 5% Manure — Sludge 0,27 0,47
A\ J.curcas + Red mud + 5% Manure — Slugde 0,13 0,29
S. tridasciata + Red mud + 5% Manure — Sludge 0,89 1,76
BCF Cr J.curcas + Red mud + 5% Manure — Slugde 1,02 1,36
S. tridasciata + Red mud + 5% Manure — Sludge 2,02 2,04
Vv J.curcas + Red mud + 5% Manure — Slugde 0,12 0,17
S. tridasciata + Red mud + 5% Manure — Sludge 0,11 0,11

Plants suitable for the phytostabilization process generally have a TF value of less than 1
and a BCF value greater than 1. Conversely, plants suitable for the phytoextraction process
exhibit a TF value greater than 1 and a BCF value less than 1. A high BCF value indicates a
plant's ability to adsorb metals from the soil, while a low TF value indicates limited ability
to translocate metals to the aboveground parts [46] . As shown in Table 3, J. curcas and S.
trifasciata demonstrate phytostabilization capacity for accumulating Cr, consistent with
previous findings. In phytostabilization, the roots limit pollutant mobility and reduce its
bioavailability, thus decreasing toxicity. Some plants capable of phytostabilization can form
complex compounds with pollutants, transforming them into less toxic and more stable forms

12
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once accumulated within plant tissues [47]. On the other hand, for V metals, both plants tend
to be more suitable for phytoextraction. Ideal plants for phytoextraction can store metals in
their cellular structures, with metals predominantly accumulating in the leaf vacuoles [47].

4 Conclusion

Based on the study findings, the use of Jatropha curcas and Sansevieria trifasciata planted
in a 95% red mud and 5% manure-sludge mixture demonstrated differences in metal
accumulation for chromium (Cr) and vanadium (V). Sansevieria trifasciata was more
effective in absorbing both metals, accumulating up to 84% of Cr (1.85 mg/kg) and 37% of
V (3.25 mg/kg) over 28 days, while Jatropha curcas absorbed 77% of Cr (1.6 mg/kg) and
23% of V (2.9 mg/kg) under the same conditions. Analysis of the translocation factor (TF)
and bioaccumulation factor (BCF) revealed that both plants showed a higher tendency for
metal accumulation in the roots than in the upper parts of the plants, indicating their capability
as hyperaccumulators suitable for phytomining applications. Specifically, the TF values for
Cr in Jatropha curcas reached 0.7 by day 28, while in Sansevieria trifasciata, TF for Cr was
lower at 0.33, suggesting effective retention of metals in the roots.
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