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Abstract: Applying heavy metals in the surface layer soil of abandoned chromium slag plant as research
object, the changes of surface soil microorganisms and physical and chemical properties were
comprehensively analyzed to provide theoretical basis for remediation of soils contaminated by heavy metals

in karst areas, as well as the relationship between the environmental factors, through high-throughput
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sequencing technology analysis. The results show that contents of soil organic matter (SOM), total
phosphorus (TP), available phosphorus (AP), available nitrogen (AN) and ammonium nitrogen (NH,"-N)
are the highest in the downstream and the lowest in the workshop. At the phylum level, Actinobacteria,
Proteobacteria, Acidobacteria and Chloroflexi are the dominant species. At class level, Alphaproteobacteria,
Actinobacteria, Vicinamibacteria, Thermoleophilia and Chloroflexi are the dominant species. In
general, under the combined action of heavy metals and soil environmental factors, microbial abundance is
more likely to be affected by soil environmental factors, and TP, nitrate nitrogen (NO; -N) and most
heavy metals are the main driving factors of microbial change. Actinobacteria is similar to most heavy
metals and has the strongest tolerance to heavy metals. Metal element Pb has certain selectivity to the
growth and reproduction of bacteria, that is, different metal elements have different effects on soil
bacteria groups. In conclusion, according to different contaminated and different plant areas, input of
nutrient elements and selection of dominant strains should be considered in restoration and treatment of
abandoned plant areas in karst areas. This study deepens the understanding of changes and driving factors
of heavy metal contaminated soil microorganisms, and provides a theoretical basis for remediation of
contaminated soil from waste chromium slag plant.

Key words: heavy metal pollution; soil properties; microbial community structure; soil remediation;
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1 BE ARARBIEERNERYEESE
Table 1 Soil properties and nutrient contents in different regions of Cr slag plant
. TP AP AN NH, "-N NO; "-N SOM,
KAt K I} pH /,1 /,1 /,1 : f ' /1 fl
(g kg™ (mg + kg™ D) (mg « kg™ 1) (mg + kg™ 1) (mg + kg™ 1) (g kg™ )
FO 7.10+0.69a  0.2470.20a  21.13+3.62b  29.46+12.17b  0.92+0. 13b 1.39+0. 62b 43. 460+6. 36d
IF 6.77+0.71b  0.15+0.12b  12.71+4.51c  54.54+13.36d  0.73740. 08¢ 0.7140.28¢  115.16+17.52a
FW 7.5840.14a  0.06+0.02b 4.7240.81d 19.5448.98f  0.5140.09d 11.4240. 98a 95.47+6. 95¢
UR 6.7040.90b  0.1540.09b  20.94412.99b  77.99432.83¢c  0.74+0. 15¢ 1.934+1.23b  107.22417.83b
CA 7.1240.10a  0.2740.11a  53.7349.99a  117.02+8.48a  1.19+0.18a 1.09+0.59¢  124.19416.73a

15 - SPSS HLH 37 2231 » [7] 51 Bt AN [) 5 B 3 7 8 35 22 5 (P<<0. 05) , T[4

Cr 5 19 2 B i X8R 568. 42 mg/kg fRe it
X X3 64. 67 mg/kg. i (H 5 RAREAH 2229 8. 79
f(F 2), T4 B Cu.Pb,Zn, Mn,Ni & &4 JI1E
128.08~18.17.97. 69~42.54.2 121. 67~131. 75,
859. 58~401. 42,216. 58 ~27. 83 mg/kg, 5 H M H
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435875 S E (Cr 86. 6.Cu 25.7.Pb 29.3.Zn 82. 4,
Ni 32. 9.Mn 591 mg/ke) # kb, 6 F oG 2 38 H 7 &=
{H . ARYENMD LG TS A8 8 A 07 X 5 FpoAR[R] +
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UR>IF>FO>FW, Hf CA KI HEIGYL(Py>3),
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Table 2 Heavy metal content in soil and pollution index

E4 & & it/ (mg - kg™ 1)

AR Cr Cu Pb Zn Mn Ni P
FO 77.58410. 54¢ 20.4249. 69 54.44424. 63 147.54423. 47 493.92+84. 65 38.6948.19 1.53
IF 64.67+9. 14c 18.17+5.17 53.35415.70 142.08412.09 401.42+43.63 27.83%5.21 1. 90
Fw 71.08+8.61c 18.50+7.79 42.54422. 80 131.75+31.28 770.44429. 61 37.8348.81 1.41
UR 172.754130. 14b 28.0046.53 97.69424. 33 206.83+51.16  470.50+180. 42 56.08412.98 2.15
CA 568.42+124.79a  128.08+9. 85 52.1243.28 2 121.67486.44 859.58+38.84  216.58+68. 19k 18. 85
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Table 3 Microbial diversity index and coverage rate in different regions (Mean®SD)

SRR X 4, Shannon 3§ %% Simpson 15 %1 Ace 85 Chao #§ %% Coverage 7 35 %
FO 6.1640. 25 0.006 911 5240. 00 3 080. 754540. 38 3 085.144518.77 0. 98-£0. 00
IF 6.394+0.19 0.005 661+0. 00 3 307.934+178. 90 3 301.874185.98 0.97-+0. 00
FW 5.53+1.19 0.014 031 5£0.01 2 118.914+1 793. 16 2 112.0841 780. 56 0.98+0.01
UR 6.44+0. 26 0. 004 54340. 00 3 062.31+614. 82 3 090.83+618.67 0.9840. 00
CA 6.47+0.19 0.007 118+0. 00 3 526.224282. 06 3 438.974169. 26 0.97-+0. 00
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regions (a) and phylum horizontal distribution (b)
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Fig. 5 Population proportion of class in different regions (a) and class horizontal distribution (b)
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Table 4 Table of Envfit environmental factors at phylum and class levels

Norank_p GALI15

17K - p-values K- p-values
Cr 0.083 Cr 0. 001
TP 0. 604 TP 0.073
NO; " -N 0. 015 NO; *-N 0.002
Cu 0. 024 Cu 0. 001
Pb 0. 089 Pb 0.723
Zn 0. 030 Zn 0. 001
Mn 0.023 Mn 0.003
Ni 0.071 Ni 0. 002
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Fig. 6 RDA sequence diagram of bacterial community structure and

environmental variables at phylum level (a) and class level (b)
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