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Abstract: Wet detoxification has traditionally been seen as the most promising technology for treating
chromium-contaminated sites. However, the addition of chemicals in the wet detoxification process not only increases the cost
but also introduces extra pollutants. Moreover, the chromium-containing slag may be re-dissolved in the form of Cr(VI), and
the increased concentration of Cr(VI) results in a serious “returning to yellow” phenomenon in the chromium-contaminated
sites, causing undesirable secondary pollution. Microbial remediation is a promising technology to address the re-dissolution
of chromium-containing slag after wet detoxification, and this article reviews the advances in this area. Firstly, the toxicity,
current situation and conventional technologies for treating the chromium-containing slag were briefly summarized. The
mechanisms of the inevitable re-dissolution of chromium-containing slag after wet detoxification were summarized. Three
main mechanisms, namely bioreduction, biosorption and biomineralization, which are involved in the environmental-friendly
and efficient microbial remediation technology, were reviewed. The variation of microbial species and the succession of
microbial community during the bioremediation of chromium-contaminated sites were discussed. Finally, future research
directions were prospected with the aim to develop long-term, stable and sustainable technologies for remediating the

chromium-contaminated sites.
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Fig. 1 Mechanisms of the re-dissolution of Cr(VI) in the chromium-containing slag.
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Table 1  List of the microorganisms capable of reducing Cr(VI)%"

Algae

Fungi

Bacteria

Spirogyra

Dunaliella

Chlorella vulgaris
Ecklonia sp.

Scenedesmus obliquus
Synechocystis sp.
Cladophora crispata
Sargassum wightii
Turbinaria sp.
Chlamydomonas angulosa

Aspergillus niger
Rhizopus arrhizus
Penicillium chrysogenum
Penicillium purpurogenum
Rhizopus nigricans
Neurospora crassa
Lentinus sajor caju
Unmethylated yeast
Methylated yeast
Trichoderma

Zoogloea ramigera
Bacillus sp.

Aeromonas caviae

Bacillus thuringiensis
Pantoea sp. TEM18
Citrobacter luteola TEMO05
Pseudomonas putida
Pseudomonas aeruginosa
Sulfate reducing bacteria
Iron reducing bacteria

Uptake system
(Sulfate transporters)

Outside cell ? ? CT(V[)

,-u.__....__..u_._-__..

”%

Cell wall =——» ————
Cell membrane 1 Inside cell
I _‘G
|
Cr(ll[) «——Cr(lV/V y&——Cr(VI)
d chr A {:‘5 {:’ Metal binding proteins
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' Chromate 11700
molecules | reductase I
i ) ! Pt P
gl g,
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Fig. 2 Microbial bioremediation of chromium contamination!*.
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Fig. 3 Schematic diagram of the enzyme-catalyzed reduction of Cr(VI) under aerobic and anaerobic conditions™.
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Fig. 5 Cartoon of microbial remediation of chromium-
containing slag™.
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