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ABSTRACT

Natural ecosystems are harmed by mining operations because they generate many tailings from mines. Mine tailings are left
untreated in open ponds or dams in search of valuable metals such as iron ore are extracted. In order to lessen the detrimental
effects on the ecosystem, tailings must be rehabilitated. This review compares the cost, reliability, and durability of current
physical, chemical, and phytoremediation techniques for the rehabilitation of mine tailings. The discussion led to the conclusion
that while amendment-assisted phytoremediation has received a lot of attention, selecting the appropriate phytoremediators is
the most crucial step in the process. Further research is required to determine whether this strategy is suitable for the precise

situation.
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1. INTRODUCTION

Despite producing massive amounts of tailings, important sectors
for the production of metals include mining, mineral processing,
and extractive metallurgy [1]. Mine tailings are the byproducts of
the extraction of valuable minerals from unprofitable materials [2,3].
They are typically left untreated in uncovered tailings impoundments
for an elongated period of time [4,5], with an estimated 14 billion
tonnes generated in 2010; the annual volume of mineral production is
comparable to the billions of tonnes of tailings produced by the global
mining sector. Because iron ores are complex, tailings generation varies
by location; in Western Australia, tailings generation is estimated to be
two tonnes per tonne of iron ore [6].

It is unknown how much tailings waste is generated throughout the
process of extracting iron, but reports from India indicate that the
waste may contain 10 million tonnes of fines each year [7]. Large,
barren landscapes are created as a result of the massive amounts of
tailings that are created during the extraction of iron from the ore and
dumped into the surrounding environment [8]. According to Adiansyah
et al. [2], tailings must be handled and restored over extended periods
of time, both temporally and spatially in relation to the storage
area. These tailings ponds lose nearby land resources and seriously
contaminate the environment [4]. Nonetheless, managing mine tailings
is a vital concern in mining activities due to the permanent impacts
of the tailings. According to reports, mine tailings pose serious risks
to both the environment and human health [9,10]. Metals have been
shown to negatively affect a variety of plant processes, as well as
oxidative stress, fluorescence, stomatal resistance, photosynthesis and
chlorophyll, reproductive activities, seed germination, morphology,
and physiology [11].

Human health may also be at risk from ingestion of tailings dust,
inadvertent inhalation, and skin contact with mine tailings. Since
several heavy metals (loid) (As, Ni, Cd, Cr, and Pb) are oncogenic
and can cause problems with the skin, kidneys, lungs, skeleton, and
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digestive system, food crops grown on mine tailings should not be
consumed. (W/w) SiO, 57%, AlO; 10%, TiO, 1%, and Fe,0525% are
commonly found in Australia’s iron ore tailings.

The physicochemical belongings of tailings make it challenging to create
physically as well as chemically stable landscapes. This review attempts
to offer a general idea of the knowledge regarding iron ore mine tailings,
as well as to highlight the significance of green solutions in relation to
rehabilitation and potential future applications of cutting-edge technology.
Over a 10-year period, an open-access literature search was carried out
using Google Scholar through the terms “iron ore,” “mine tailings,”
“phytoremediation,” “fertilizer,” “topsoil,” “biochar,” as well as “straw.”

2. PHYSICOCHEMICAL AND CHARACTERIZATION
AND STRATAGEMS TO DEVELOP IRON ORE MINE
TAILINGS

2.1. Physicochemical Characterization of Iron Ore Mine Tailings

Low tailings often have unfavorable physicochemical characteristics
[Figure 1], for instance, low water-holding capacity [12,13], excessive
pH [14], high salinity [15], high metal concentrations, residuals of
processing chemicals, poor structure [16], and a fine-grained mixture
of ground-up stone particles [17]. Iron ore tailings have small particle
sizes [18], and the quantity of heavy metals in tailings is influenced by
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a variety of factors, such as textural characteristics [19], mineralogical
composition, and depositional environment [20]. The importance of
soil characteristics like clay content and particle size distribution on
the behaviour of heavy metals in tailings has been shown in numerous
studies [21,22]. The situation is critical due to permeability [23]
and high bulk density. High tailings bulk density raises mechanical
resistance, which restricts aeration and lowers water and nutrient
infiltration to the roots [24]. High solute concentrations lead to low
nutrient levels and possible ionic stress [25]. Such as Si, Al, Ca, and
Mg [26], iron ore tailings consist of iron-bearing silicates, characterized
by silica skeletons formed by (SiO,) tetrahedra that form an intricate
composition and stable construction by Fe3+, Ca2+, and Mg2+. This
suggests that iron ore tailings may be used as an environmentally
friendly substance by controlling the framework construction, but
not for plant development [26]. Furthermore, the high organic
matter content can improve elevated salinity (~60 dS/m), minimal
organic matter (1.5 g cm'3), and low microbial content and diversity
(360 mg/g). The physical, chemical, and biological properties of iron
ore mine tailings are shown schematically in Figure 1.

Iron ore tailings can occasionally exhibit great alkalinity, which
lowers other nutrients. N, P, Ca, and Mg availability, for example [27].
Iron-bearing iron ore tailings have low water-holding capacity,
low permeability, and a high bulk density that limits aeration and
reduces nutrient and water infiltration to the roots. Low nutrient
levels and possible ionic stress are also caused by high concentrations
of solutes such as Si, Al, Ca, and Mg. In addition, the large amount
of organic matter may enhance metal adsorption and reduce kinesis
in the environment; however, mine tailings absence nutrients and
organic matter [28], making them an unsuitable substrate for plant
development [29]. On the other hand, acidic mine tailings increase
metal solubility in the soil environment and lower the soil exchange
capabilities of metal cations, increasing the mobility of heavy metals.

2.2. Methods to Enhance Iron Ore Tailings’ Physicochemical
Characteristics

Reducing detrimental effects on the surrounding ecosystem and human
health in abandoned mines requires the development of a sustainable
pollution control strategy [30]. Physical and chemical methods, which
require less time, are the most frequently used techniques for mine
tailings remediation. However, it has been noted that these processes
are expensive, harmful to soil structure and biodiversity, and disruptive
to the environment [31-33]. Physical remediation uses techniques
such as heat treatment, electro-remediation technology, and covering
the tailings with new or semi-new soil for melioration to restore their
fertility and make them suitable for the growth of vegetation [34].
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Figure 1: The physicochemical and biological properties of
iron ore mine tailings.
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Nonetheless, one of the most popular methods, covering the ground
with fresh soil, has yielded positive outcomes and satisfied Chinese
agricultural soil quality standards [35]. This physical approach is very
costly and labor-intensive, despite some success in tailings restoration.

In addition, because of ecological destruction and disturbance,
precipitation, slope gradient, slope features, and thickness of the cover
in the new soil gathering area and the tailings region put the system
at high risk of collapse [36]. Chemical remediation uses techniques
like ooze, organic fertiliser, chelating, and fixing agents to enhance
pollution control and tailings [37]. According to some research [38],
adding alkaline minerals (CaCO;) to tailings may improve metal
sorption by the soil by raising the pH of the tailings and lowering
the concentration of phytoavailable heavy metals [39]. It has been
shown that adding phosphate-based substances, like highly soluble
diammonium phosphate, is incredibly effective at immobilizing Cd,
Pb, and Zn in soil [40]. However, chemical processes such as soil
washing and leaching/acid extraction are more effective and successful
than physical treatments, and for small tailings facilities with a high
pollutant load, they can be utilized as an intensive treatment [41].
Nevertheless, this method significantly limits chemical remediation
and deteriorates the soil’s physical characteristics [35]. As of July
2022, Table 1 contrasts the costs of chemical, biological, and physical
remediation techniques [42]. Table 1 compares the costs of various
mine tailings remediation techniques, expressed in Australian dollars,
based on research published by [42].

3. PHYTOREMEDIATION

Phytoremediation is a harmless and capable method to control
heavy metals in soil, according to recent studies [43]. This method is
economical [44], and the outstanding capacity of plants to concentrate
elements as well as chemicals from their surroundings and change
a variety of molecules in their tissues is exploited in plant-based
remediation strategies [45]. Studies show that phytoremediation of one
square meter of Pb-polluted soil (AUD 0.1) is 50-65% less expensive
than conservative renovation techniques such as quarrying and
landfilling (AUD 0.2). Bringing plants into a damaged environment can
help restore soil fertility and lessen metal (loid) migration throughout
the ecosystem.

Numerous factors, including metal focuses in tailings, the movement
of heavy metals, the ultimate focuses of goal metals, plant biomass and
plant growth charges, influence how long it takes to restore mining
tailings sites [46]. However, traditional phytoremediation techniques
are not appropriate for large-scale applications due to a number of
drawbacks. According to Robinson et al. [47], the conventional
methods of phytoremediation, phytoextraction, phytostabilization,
phytovolatilization, and phytomining, have changed, and a new idea
has surfaced that combines conventional and contemporary methods,
including phytoremediation aided by organic additions. The ecological

Table 1: Comparison costs of various mine tailings
remediation techniques

Method Cost (AUDS$/ton) Features to be careful
[4] [42]
Physical 140-720 - Movement, excavation,
remediation and observation
Chemical 140-720  90-420 Recycling contaminants
remediation through phytoremediation
Chemical 7-60 - Long-term monitoring
remediation
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environment of the damaged soil can be improved by plants and their
associated microbiome absorption, breaking down, or immobilising
contaminants from contaminated soil and water [48], but not metals.
Poisonous dense metals and organic impurities are the main goals of
phytoremediation [49,50]. Phytoremediation was first proposed by
Chaney [51], later, phytoextraction, phytofiltration, phytostabilization,
phytovolatilization, and phytodegradation are methods of
phytoremediation. However, either organic amendment amelioration
or microorganism inoculation should be used in conjunction with a
phytoremediator when phytoremediating mine tailings [Figure 2].

3.1. Phytoextraction

The most crucial phytoremediation method for eliminating
metalloids from contaminated soils, water, biosolids, and sediments
is phytoextraction [52]. This approach seems to be a simple and
economical way to clean up metal-polluted soils because it uses
plant absorption to extract metals and other pollutants from soils,
sediments, or water [53]. For phytoextraction to be successful,
pollutant concentrations must be reduced to satisfy environmental
requirements. From an economic standpoint, this ought to be less
expensive than other technologies or doing nothing [54]. Nonetheless,
it is proposed that eliminating the time constraint on the process will
ensure successful phytoextraction and that any costs incurred will be
commensurate with the duration of the process [55]. The efficiency
of phytoextraction is influenced by a number of variables, such as
soil characteristics, metal speciation, phytoremediator properties,
and metal availability to plants [56]. As a result, the plant types or
genotype chosen for phytoextraction should have the following traits:
(i) a fast growth rate that produces a lot of biomass; (ii) a heavy metal
hyperaccumulator that moves metal from the root to the shoot; and
(iii) forbearance to the harmful effects of heavy metals, (iv) resistance
to pests and diseases, (v) easy growing and harvesting, good climatic
adaption, and (vi) lack of herbivore appeal to prevent the metal entry
into the food chain [57]. The main determinants of which plant species
are best suited for metal phytoextraction are shoot metal concentration
and biomass. Two different phytoextraction methods have been
applied based on these criteria: (i) hyperaccumulators with low shoot
biomass and (ii) plants with greater shoot biomass but less heavy
metal accumulation [58]. Since it is usually impractical to harvest root
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Figure 2: Diagrammatic illustration of various phytoremediation
processes.
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biomass, metal translocation to shoots is a desirable biochemical and
physiological process in successful phytoextraction [59].

4. PHYTOREMEDIATION OF HEAVY-METAL-POLLUTED
MINE TAILINGS WITH PLANTS IN THE POACEAE
FAMILY

Fast-growing, deeply rooted, easily reproducing plants with a high
biomass output and the capacity to tolerate and accumulate the
target metal are ideal for effective phytoremediation. To ensure
self-sustaining vegetative cover, choosing the right plant species is
essential. According to Shabani and Sayadi [48], a plant is considered
a hyperaccumulator if it accumulates more than 1000 mg/kg of Cu, Co,
Cr, Ni, and Pb or more than 10 mg/kg of Mn and Zn. In general, species
that can accumulate large amounts of heavy metal in aerial portions are
considered superior. The physiological features of the plants utilized
and the benevolent of contaminants have a significant impact on the
efficacy and efficiency of phytoremediation technologies. However,
due to their small biomass [50], the majority of hyperaccumulators
are useless because, when burned or transformed into bioenergy,
they rapidly release a large number of heavy metals back into the
environment. However, since they frequently have outsized biomasses
and high-pressure resistance [51], they might be appealing candidates
for hyperaccumulators; only a few of these are displayed in Table 2.
Vetiveria zizanioides, Smilo grass (Piptatherum miliaceum), Italian
ryegrass (Lolium multiflorium), tropical grass (Brachiaria brizantha),
and perennial ryegrass (Lolium perenne) are a few examples of grasses
with large, deep root systems that can grow in a range of challenging
climates. In semiarid Western Australia, a triplex sp. is regarded as
a pioneer plant that acts as a phytostabilizer on mine tailings. The
ability of vetiver grass (V. zizanioides (L.) Nash) to withstand high
levels of heavy metals, clean up oil shale disposal heaps, and have
strong resistance to unfavorable environments [52]. Plants gathered
in the field and in greenhouse research, metal buildup in Esparto
grass (Lygeum spartum (L.), which is known to colonize acidic mine
tailings sites in Mediterranean areas) was investigated, according to
Sarathchandra et al. [53].

According to a study [57], Rhodes grass (Chloris gayana Kunth cv.
“Pioneer”) would be highly successful in Australia’s tropical and
subtropical areas and is well adapted to metalliferous mined land
revegetation. Arundo donax and Miscanthus sacchariflorus are two
potential perennial energy grasses because of their quick growth
rate and very high biomass (30-40 t/ha) [55]. According to Kirk
et al. [S8], Perennial ryegrass (L. perenne) drastically altered the
rhizosphere bacterial population in petroleum-polluted soil, which
helped break down the petroleum hydrocarbons in the polluted soil.
Because it grows widely, is manageable, produces a lot of biomass,
has a high tolerance for heavy metals, and is more inexpensive than

Table 2: Grass species used to clean up metal-polluted areas

Meadow Metal Build-Up in  References
Remediation Shoots (mg/kg)

Vetiver grass Pb2+ 300 [52]

(Vetiveria zizanioides)

Perennial ryegrass Cu2+, Zn2+ 15, 180 [53]

(Lolium perenne)

Esparto grass Zn2+ >4100 [54]

(Lygeum spartum)

Rhodes grass Mn2+, Fe2+ 164, 830 [15]

(Chloris gayana)
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other species, ryegrass is favoured for phytoremediation over the
majority of hyperaccumulators [59,60]. However, grasses’ use in
phytoremediation is still relatively new due to a lack of research on
their ability to accumulate metals in field settings [61].

5. CONCLUSIONS AND FUTURE PERSPECTIVES

Mine tailings rehabilitation is a crucial ecological management
strategy because it protects the neighboring atmosphere, which
includes the air, soil, and water. Traditional phytoremediation methods
have certain disadvantages when compared to physical and chemical
rehabilitation methods. These include: (i) cleaning up contaminated
soil takes a long time, and low above ground biomass production limits
the phytoextraction capacity of hyperaccumulator plants; (ii) only a
small percentage of metals are bioavailable, and this bioavailable
concentration is applicable to sites with low or moderate contamination
and varies with soil pH, organic matter, competitive cations,
calcareousness, etc.; (iii) ignorance of agronomy, breeding potential,
insect pests, and the range of diseases; and (vi) any negligence or
poor management could contaminate the food chain. Conventional
ideas were altered to guarantee the extensive use of phytoremediation
and prevent these situations. To maintain a sustainable plant cover,
it is important to begin biological restoration in addition to applying
organic amendments.

Since naturally existing hyper accumulators often develop fast and
generate relatively more harvestable ground biomass when supported
by organic additions like biochar, straw, compost, and topsoil, the
improved conventional idea and methods are more cheaply deployed
on large quantities. Many countries’ economies are dominated
and controlled by the profitable mining industry. They would
prefer to fund rehabilitation programs to generate revenue. In these
circumstances, because it combines lucrative and sustainable land
use, phytoremediation is the ideal strategy or situation for repairing
mining land. Long-term benefits would also result from co-cropping
the tailings-deposited facilities with both native and endemic plants,
since the non-native plants enhance the native plants’ development by
eliminating heavy metals and promoting soil formation. In contrast,
non-native plants are invasive in tropical regions, endangering the native
ecosystem’s establishment and biodiversity. It is crucial to remember
that non-native invasive species are powerful phytoremediators
because of their ability to tolerate and absorb heavy metals because of
their quick growth in unfavorable climates. Hence, the choice of plants
for the rehabilitation of mine tailings should be the main factor taken
into account. Since an only strategy is neither practical nor feasible for
the tactical rehabilitation of mine tailings, coming study should effort
on combining dissimilar techniques, such as genetically modified
plants and bioremediation combined with organic modifications in
maintainable renovation. Future research should close the knowledge
gap regarding the biochemical pathways and processes underlying the
organic amendments and phytoremediators used in mine tailings.
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