hEIRIE RS 2025,45(9): 5035~5047 China Environmental Science

AT LR I, 2 SO, S B R 1 A TRV X PR AR i R 22 S R ST (0] b PR 2, 2025,45(9):5035-5047.
Zhao Q Y, Tan Z, Li W J, et al. Study on the differential responses of bacterial community in antimony tailings to environmental variables [J]. China
Environmental Science, 2025,45(9):5035-5047.

RV PHEEAENINETERER NN TR

NG P A LIRS e B AR T (L R EEREER T A BRI AL S 100012; 222K
SEAERSAREHIR 220 7300005 328 AN TR MR I A YT AR 28 225300)

FHEE: WLPEPEILFITE B I H AR R Sb R RIT T 8 LRI EERTUT Sb Rl As)IT RS RF I X AN TR T 9 AR Ak 5 R B IS B 2 b Sb-As 42
R ST VORI T RAT,Sh AR 21.90~29.35 fif,As 4l 20.23~39.26 i M SRR EE (Lgeo), R A AR SR A AR LU AE V2 (RSP) 2K B 1 8 )24 T Sb-As
I Tgeo 5 RSP FRHIB T 3,8 10w F75 Y REBE; VG AN 2 1 B0 T Sb Al Ass 1 Toeo FRHUI/N T 3,RSP F5HUS /N T 2,15 YL /K P AH X B, Wenzel JELEARHL 45
RRHLIEA Sb-As B0 A J0 8 BB R AU 25 5 5 (F3)> SRS (FS)> b STk SR AU W 45 5 A8 (FA)> T IR IS (F2)> AR T VRS (F 1D;F3 430
Sb-As 4> 1] 36.91%A11 37.00%; 11 B2 JE 0 H A 2% A Sb[Sb(Bio) | I 24 A As [As(Bio)| %3 i TP ANEE + 247, 1M H. Sb-As T B LA F3 KA U AIAE 21~
 Sb-As FEELL F5 WUAE. 05 4 HT(PCoA) 5 AHBME 43 AT (ANOSIM) 2 W1, AN [6) BR 455 A1 J5T r 4 1 8 v 45 4 1A S kG 1 R I DR 34 AT 1D B0
Chloroflexi Al Firmicutes,J&/KF-_F-LL Kaistobacter, Pseudomonas ! Rhodoplanes 3 %, i F17E + B+ Gemmatimonadetes A1 Bacteroidetes > T 241 1
T84y, JE K T-Lh Thiobacillus, Kaistobacter | Sphingomonas 4 % ; Thiobacillus, Pseudomonas, Bacillus, Geobacter | Sphingomonas N3 Sb-As V5 YL I 5%
AR I BN B S AT BV T Sb BT ISR AR A8 52 PICRUSE2 Ty Re T 55 s /N —Fe 4 73] 43 A (PLS—DA )2 W, 4H 14 (1 Th e S AL Ak - 2R Bk
2 AR D BE ) R (2 1 40.66%).Spearman AHIGE, TLAY 73T (RDA)FIBEH LR AR (RF) 73 T3 W],pH {E,SOM H1 WAF 2 PG RIS L Fe ™ 4l ie Fe vk A AL 1 1=
TERA R 3R, Sb-As J AR B R 240 BTV 40 S D e AR AL (0 - IR B R 3%

KB BNLSY (ETBE: WMEHEE ST DRI

PESES: X53 XHRFRIRES: A XEHS: 1000-6923(2025)09-5035-13

Study on the differential responses of bacterial community in antimony tailings to environmental variables. ZHAO Qing-
ying"?, TAN Zhao®, LI Wen-jie!, ZHANG Ze-min', GUAN Xiao'", LI Jin-hua’ (1.Institute of Ecology, Chinese Research Academy
of Environmental Sciences, Beijing 100012, China; 2.College of Ecology, Lanzhou University, Lanzhou 730000, China; 4.Taizhou
Environmental Monitoring Central Station, Taizhou 225300, China). China Environmental Science, 2025,45(9): 5035~5047

Abstract: Representative Sb tailings from the northwest and southwest regions were selected to investigate the migration
characteristics of Sb and arsenic (As), as well as changes in microbial community under both covered and exposed conditions. The
results showed that the total concentrations of Sb-As in the Qinglong tailings were significantly higher than those in the Xihe
soil-covered tailings, with Sb levels being 21.90~29.35 times higher and As levels 20.23~39.26 times higher. The index of
Geo-accumulation (/y,) and the Ratio of secondary phase to primary phase (RSP) indicated that the Qinglong tailings Sb-As
contamination index was greater than 3, which belongs to severe contamination, the exposure of Sb-As thus poses a considerable
threat to the soil environment. In contrast, the /., index for Sb-As in the Xihe soil-covered tailings were both <3, and RSP values
was <2, indicating a relatively low level of contamination. Using the Wenzel sequential extraction method, the distribution of Sb-As
fractions was found to follow the order: amorphous iron-aluminum oxide-bound fraction (F3)>residual fraction (F5)>crystalline
iron-aluminum oxide-bound fraction (F4)>specifically adsorbed fraction (F2)>non-specifically adsorbed fraction (F1). F3 accounted
for 36.91% and 37.00% of the total Sb-As contents, respectively. The bioavailable forms of Sb [Sb(Bio)] and As [As (Bio)] were
significantly higher in the Qinglong tailings than in the Xihe soil-covered tailings. In Qinglong, Sb-As primarily occurred in the
F3fraction, whereas in Xihe, they were mainly associated with the F5fraction.Principal coordinates analysis(PCoA) revealed that
bacterial community structure varied across different environmental media. The dominant bacterial phyla in the Qinglong tailings
were Chloroflexi and Firmicutes, with Kaistobacter, Pseudomonas, and Rhodoplanes as the predominant genera. In the Xihe
soil-covered tailings, Gemmatimonadetes and Bacteroidetes were significant components, and Thiobacillus, Kaistobacter, and

Sphingomonas were the dominant genera. Thiobacillus, Pseudomonas, Bacillus, Geobacter, and Sphingomonas were identified

i BEA: 2025-02-14
HEEWHE: HEEATHKRIH (2020YFC1807704)
* GUTAEE, IERH AN, guanxiaocynthia@126.com
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as key bacterial taxa enriched in long-term Sb-As contaminated environments, indicating their potential for application in in-situ
ecological restoration of Sb tailings. The functional prediction using PICRUSt2 and Partial least squares discriminant
analysis(PLS-DA)suggested that bacterial functional changes were primarily characterized by the enrichment of specific metabolic
functions, accounting for approximately 40.66% of the total predicted functions.Spearman correlation analysis, Redundancy analysis
(RDA), and Random forest (RF) analysis revealed that pH, soil organic matter (SOM), and water content (WAF) were the main
drivers of bacterial community changes in the Xihe soil- covered tailings, while Sb-As concentrations and their chemical fractions
were the main drivers of bacterial community structure and functional variation in the Qinglong tailings.

Key words: atimony and arsenic co-contamination; geochemical fractions; bacterial community analysis; function prediction
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Fig.1 Geographical location of the study area and spatial distribution of sampling points
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R B IR RL DA S I A AT BB
Lseo V5 REER VPR RSP TG RFRRE
<0 0 VT <1 FREE S
0~1 1 LR S 1~2 (ISEFS
1~2 2 (TRREES 2~3 SULREE S
2~3 3 e R >3 JEEGR
3~4 4 [LERGES - -
4~5 5 EICR0ES - -
>5 6 PG G - -

TR A,

1.6 B Ab B 55 b

KH Kruskal-Wallis #5%; (K-W £ 4 ),Stamp
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Table 2 Physicochemical properties of samples in different functional areas

JEHIX pH {H SOM(g/kg) EC(uS/cm) CEC(cmol/kg) Eh(mV) WAF (%) TN(g/kg) TP(g/kg) TK(g/kg)
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Fig.3 The richness and diversity characteristics of soil bacterial community
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Fig.5 PICRUSt-predicted KEGG metabolic pathway profiling and differential analysis of the bacterial community
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Fig.6 The impact of environmental variables on the composition and metabolic functions of soil bacterial community
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