[DEXyESI

Acta Microbiologica Sinica

2023, 63(6): 2204-2219
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20230240

Geomicrobiology 53

MR IEE N T REIEIERSIIEN R

ZH REST, EkKim, EHN. KER

Hh ] R 2 (AL 50 K B IR S PR 27 Be . AL AT 100083

3

SR PR, ERI, RN, KRN Vi 05 G R RE SALEREE ST ] MUY AR, 2023, 63(6):
2204-2219.

LI Min, CHEN Siming, WANG Changyuan, SHI Xinyue, ZHANG Baogang. Performance and mechanism of bioleaching
remediation of vanadium contaminated soil[J]. Acta Microbiologica Sinica, 2023, 63(6): 2204-2219.

 OE: [0 LB FTLE T4 Aax3X0E, LPHTERIRAMRTRS. K2
BB EANMEREFE, BAEAETER. RAZHHE, AMHERREALZF SR AIRKGHEF L%
WA T AIESE, AT R B E A, NIRMAEF AR, [Fix] AR AR MK
FAC AR AT AT 40T e LR AT T Aot iRE, B3R A RBERRTHANRER B 5
e, FEAARE T RME- T ER X FREIN T AERRER T TR, RERHTY
HATT AT, [ R AR ANRH T WIS 132 PAKE S . BAL B BATEH T LIE A
B MER G, ARk 20dE LE A IEE RXF)] 274%, #—F B EREERYN, £
B RRE A 3%, AR A 10%. #0046 pHAE A 1.8, #0486 Fe 09 iR E A 3.0 g/L 89 &M T, L3E
AR A E b 2R R . SEM-EDS S ATIEE A ke LE P RS TR Y, EPIERBEH X
BEGREEDHZ S, RBAFHIBETENRAFATREZ IR T ZATRERB S DR
LAt EA A, (458 AW ERREBA BB EILLIERT LG, KRR ANIFTE L
BERAET —F IR RIF 55 X

LR RN AT FATE, Ak, A

FENIUH . K H AR 25 42 (U21A2033)

This work was supported by the National Natural Science Foundation of China (U21A2033).
*Corresponding author. Tel/Fax: +86-10-82321081, E-mail: simingc@cugb.edu.cn

Received: 2023-04-09; Accepted: 2023-05-29; Published online: 2023-06-01



FHEE | PUEEYE, 2023, 63(6) 2205

Performance and mechanism of bioleaching remediation of
vanadium contaminated soil

LI Min, CHEN Siming*, WANG Changyuan, SHI Xinyue, ZHANG Baogang

School of Water Resources and Environment, China University of Geosciences Beijing, Beijing 100083, China

Abstract: [Objective] Soil contamination by heavy metal is a growing concern, of which
vanadium is gradually becoming a research hotspot. Although leaching is an important tool for
soil remediation, it can cause severe pollution and incur high cost. Bioleaching can be applied
as an efficient soil remediation process because of its cost-effective and environmental-
friendliness. However, current understanding of remediation of vanadium-contaminated soil is
still limited. [Methods] In this study, we applied Acidithiobacillus ferrooxidans in the
bioleaching of vanadium-contaminated soil. The optimal leaching conditions were investigated
by changing the influencing factors. The scanning electron microscopy and energy dispersive
X-ray spectroscopy were applied to analyze the changes of vanadium during the bioleaching
process. The microbial metabolites were characterized. [Results] The microbial secondary
metabolites could promote the leaching of vanadium from the soil. The leaching efficiency of
vanadium from soil by Acidithiobacillus ferrooxidans was high, and the leaching rate of
vanadium from soil reached 27.4% after 20 days. Further experiments on the influencing
factors showed that the best leaching of vanadium from soil was achieved at a solid
concentration of 3%, an inoculum volume of 10%, an initial pH of 1.8 and an initial Fe*"
concentration of 3.0 g/L. SEM-EDS analysis confirmed the reduction of vanadium content in
the soil after leaching, and analysis of the vanadium morphology in the soil indicated that the
vanadium present in the non-residue form in the soil was more easily leached. Metabolomic
analyses showed that Acidithiobacillus ferrooxidans produced a large number of metabolites
during the leaching process to cope with the high concentration of heavy metals in the
environment. [Conclusion] The bioleaching technology can effectively remediate
vanadium-contaminated soil. This study provides an environmentally friendly remediation
approach for the restoration of vanadium-contaminated soil.
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Figure 1 Growth curve of Acidithiobacillus
ferrooxidans.
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Figure 7 One-way ANOVA. The Y-axis in the figure denotes the metabolite, and the X-axis represents the

relative abundance of metabolites in different groups; The rightmost is the P-value, * indicates 0.01<P<0.05, **

indicates 0.001<P<0.01, and *** indicates P<0.001. CK: Abiotic reactor; Test 1: Reactor inoculated with 10 mL

of Acidithiobacillus ferrooxidans; Test 2: Reactor with 10 mL of metabolites of Acidithiobacillus ferrooxidans.
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Figure 8 Principal component analysis of cations (A) and anions (B) in the supernatant. CK: Abiotic
reactor; Test 1: Reactor inoculated with 10 mL of Acidithiobacillus ferrooxidans; Test 2: Reactor with 10 mL of
metabolites of Acidithiobacillus ferrooxidans.
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Figure 10 Plot of KEGG enrichment analysis in the supernatant. A: Test 1 vs. CK. B: Test 2 vs. CK. C: Test 2
vs. Test 1. CK: Abiotic reactor; Test 1: Reactor inoculated with 10 mL of Acidithiobacillus ferrooxidans; Test 2:
Reactor with 10 mL of metabolites of Acidithiobacillus ferrooxidans. The horizontal coordinate is the
enrichment significance P-value. Generally, P-value less than 0.05 is considered as a significant enrichment
term for this function; The vertical coordinate is the KEGG pathway. The size of the bubble represents the

amount of metabolite.
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