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Abstract

Bioleaching can be used for the treatment of toxic elements in sulphide mine-wastes as a newly developed, green and cost-effective
technology. The bacterial activity causes the remarkable dissolution of elements compared with chemical methods. Researchers
have employed bioleaching for the separation of trace elements from different sources. However, the transfer of toxic elements
from contaminated solid wastes to the aquatic ecosystem can be minimized by the production of a biogenic passivation layer. It has
resulted in a new perspective of microbial leaching application for the remediation of toxic soils. In this paper, bioleaching-based
techniques for a reduction in the environmental pollution of mine tailings were reviewed.
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Introduction

Bioleaching is a low-cost and environmentally friendly
method for the management of contaminated soils by decreasing
and eliminating toxic elements contamination of sediments. In
bioleaching, microbes mediate the leaching of trace elements from
soil [1]. The application of Acidithiobacillus bacteria for heavy
metals bioleaching from contaminated soil was investigated in
recent works [2,3]. Manganese is recovered from its sources by
bioleaching, which converts MnO2 into the low valence of Mn
compounds [4]. In a recent study, Lysinibacillus fusiformis strain
Lf as a strain of ureolytic bacteria with mineralization potential
was separated from Cu-Ni mine waste in Xinjiang and used on a
pilot scale for the tailings solidification and field conditions [5,6].
investigated the biotreatment of sulphide mine-wastes using
bioleaching in the presence of Acidithiobacillus ferrooxidans.
The results represented that the formation of biogenic jarosite
during bioleaching led to a stable compound for the mine-waste
less prone to dissolution in the acidic medium of mine tailings
compared with the current techniques [2]. successfully performed
the minimization of metals leaching from mine tailings due to the
native bacteria activity, leading to the generation of a passivation
layer. Accordingly, the passivation treatment acted oppositely to
the current bioleaching method, in which metallurgists attempt
to maximize the solubility of the elements. In the continuation

of this paper, the details and mechanisms of the biotreatment of
contaminated sulphide mine-wastes are presented.

Mechanisms of Biotreatment Reactions

The sulphide (bio)leaching is affected by the oxidation state of
the Fe ions and competition between Fe2+ and Fe3+ [7]. The high
amount of ferric ions prevents the ferrous in the sulphide’s surface
from entering the bulk solution. The high concentration of Fe3+
ions functions as an inhibitory layer to slow down the leaching
and shows a controlling effect on the )bio(dissolution of sulphide
minerals, especially pyrite. Jarosite generation weight controlled
the process by precipitating Fe3+ ions in the jarosite structure.
From the start of the process, the ascending production of jarosite
due to 1) the Fe-oxidizing bacteria activity on the sulphide minerals
surface; 2) the addition of ferric ions to the process leads to the
minimization of toxic elements dissolution [8].

Mechanisms of Toxic Elements Bio-

Immobilization During Bioleaching

The mechanisms of toxic elements stabilization follow three
essential stages during bioleaching-based treatment of sulphides
(Figure 1): 1) the leaching of metal sulphides by acidophilic bacteria;
2) the nucleation of passivation on the surface of sulphides; 3) the
co-precipitation of metal ions with jarosite in the bio-stabilization
process [6].
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Figure 1: The mechanism of trace elements immobilization by biogenic jarosite (Piervandi et al., 2020).

Soil Structural Change by Biotreatment

The schematic diagram of structural change in sulphide mine-
waste due to the passivation treatment using native bacteria is
illustrated in (Figure 2). The primary soil of the Sarcheshmeh
tailings sample (Kerman, Iran) is grey. After the bioleaching-based
treatment, the surface compound of the soil changes into a new
phase which prevents the dissolution of sulphide minerals and
limits the solubility of metals. The micron-sized analysis of the
treated soil shows the generation of small particles of biogenic
jarosite as a protective structure covering the toxic tailings soil.
Also, the nano-scale probe demonstrates the overlapping of surface

passivation particles on pyrite and sulphide minerals [9] (Figure 1).

Conclusion

The bioleaching-based techniques are the new treatment
methods to minimize the toxicity of solid wastes. The mechanisms
study shows that the effect of biogenic jarosite follows three main
steps for the stabilization of heavy metals in sulphide tailings. The
high concentration of Fe3+ ions produces a passivation layer in
the bulk solution and plays an essential effect in controlling the
sulphide leaching. The analyses of bio-treated sulphide tailings
represent a fundamental change in the waste’s mineralogical
structure, preventing the mobility of toxic elements (Figure 2).
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Figure 2: The schematic diagram of the sulphides’ structural change during the bacterial treatment (Piervandi et al., 2021b).
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