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Synergistic remediation of Cr( VI )—contaminated soil by Stenotrophomonas sp., rice straw, and earthworms
SHEN Songrong', CHEN Yun', KANG Qianlin', XIANG Yuanling', GENG Yuhong', ZHANG Wei’*, HAN Ying"

(1.School of Life Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China; 2. Analysis and
Test Center of Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: This study aimed to understand the remediation effect and mechanism of rice straw and earthworm combined with Cr-resistant
bacteria on Cr bioavailability and its distribution in soil aggregates. This study explored the remediation effect of Stenotrophomonas sp.(F),
rice straw (S), bacteria + rice straw (SF), rice straw + earthworm ( Eisenia foetida ,SE), and bacteria + rice straw + earthworms (SFE) under
50 mg-ke™ and 300 mg-ke™" Cr( VI)—contaminated soil, and changes in the bioavailability of Cr and the distribution of total Cr and Cr('VI)
in soil aggregates through indoor analog experiment. The results showed that the total Cr and Cr ( VI ) removal rates of each treatment

steadily increased in the early, middle, and late stages of the experiment. The total Cr and Cr( VI) removal rates of the SFE treatment were
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the highest in the later stages of 50 mg - kg™ and 300 mg - kg™ Cr( VI ) exposure, with total Cr removal rates of 35.68% and 35.29%,

respectively, while the removal rates of Cr( VI ) were 99.28% and 75.33%, respectively. The SFE treatment significantly reduced soil
reduction potential, increased soil pH and organic matter content, and promoted the aggregation of micro—aggregates into large aggregates.
The proportion of large aggregates treated with SE was the highest, increasing by 14.57, 9.51, and 9.85 percentage points compared to the
CK, and 3.73, 4.09, and 3.28 percentage points compared to the SFE, respectively, under 0, 50 mg - kg™, and 300 mg - kg™ Cr( VI )
exposure. The influence of each treatment on the chemical form of chromium was as follows : SFE>SF>SE>S>F. Except for F, the proportion
of various chemical forms of Cr in all other treatments steadily changed with the extension of the experimental time throughout the entire
experimental process. Compared with the CK, in the SFE treatment after 50 mg-kg™" and 300 mg-kg™ Cr( VI) exposure, the proportion of
the exchangeable state decreased by 35.55 percentage points and 21.02 percentage points, respectively, and the residual state increased by
22.45 percentage points and 12.51 percentage points, respectively. Total Cr was mainly distributed in large—aggregates, while Cr( VI ) was
mainly distributed in micro—aggregates, and the total Cr and Cr( VI ) concentrations in aggregates of all particle sizes decreased with time.
The SFE treatment significantly reduced the accumulation of total Cr and Cr( VI ) in large and micro—aggregates. The results indicate that
the synergistic treatment of rice straw, earthworm, and Stenotrophomonas sp. significantly increase the removal rates of total Cr and Cr( VI)

in soil, reduce the proportion of bioavailable Cr, and improve the distribution of Cr in aggregates under exposure to 50 mg-kg™ and 300 mg-

kg™ Cr(VI).

Keywords : Cr; Stenotrophomonas sp.; rice straw; earthworm; soil aggregate
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Table 1 Effects of different treatments on basic physical and chemical properties of soil in the early ,middle,

and later stages of the experiment

4o pH AHHLF i DOC concentration/% AL 5 A Eh/mV
Troatment T i I L e I L it JE

Early stage Middle stage Late stage Early stage Middle stage Late stage  Early stage Middle stage Late stage
0CK 8.17+0.08a 8.08+0.04¢ 8.07+0.08e 1.67+0.08e 1.67+0.08e 1.66+0.02f 160+2g 167+2d 164+4bh
0S 8.05+0.03b 8.12+0.08b 8.27+0.03d 2.94+0.07¢ 4.61+0.07b 6.27+0.11c¢ 185+3e 154+5e 147+2¢
OF 7.93+0.09b 7.99+0.02d 8.02+0.09¢ 1.93+0.08e 2.05+0.08e 2.64+0.08e 184+5e 150+1e 142+5¢
OSF 7.95+0.08b 8.20+0.02a 8.28+0.12d 3.95+0.03a 5.20+0.03a 7.74+0.10b 215+3b 168+4d 149+2h
OSE 7.66+0.18e 7.79+0.16e 7.90+0.16f 2.16+0.14d 2.79+0.14d 3.59+0.08d 225+4a 193+3b 179+4a
OSFE 7.89+0.04¢ 8.22+0.17a 8.39+0.17¢ 3.89+0.06a 5.12+0.07a 8.19+0.07a 200+2¢ 130+2¢ 114=+1f
50CK 8.14+0.07a 8.06+0.04¢ 8.07+0.07e 1.65+0.09f 1.67+0.09f 1.68+0.06f 147+5h 160+4d 178+5a
508 7.95+0.14b 8.15+0.07h 8.34+0.14¢ 3.54+0.05b 4.97+0.04b 6.34+0.07¢ 196=1d 175+2¢ 157+4b
50F 7.92+0.04b 7.95+0.08d 8.06+0.04¢ 1.92+0.03e 2.11+0.10e 2.76+0.01e 193+2d 146=1f 137+3d
50SF 7.90+0.05¢ 8.24+0.04a 8.31+0.05¢ 3.90+0.04a 5.04+0.07a 7.31+0.05b 208+2¢ 174+5¢ 138+2d
50SE 7.68+0.08e 7.72+0.14e 7.89+0.14f 2.21+0.06d 2.72+0.02d 3.39+0.04d 213+3b 209+6a 181+5a
SO0SFE 7.87+0.06¢ 8.25+0.02a 8.45+0.14b 3.87+0.02a 5.10+£0.07a 8.58+0.06a 204+5¢ 149+2e 122+4e
300CK 7.99+0.08b 8.00+0.03d 8.04+0.06e 1.65+0.03f 1.66+0.12f 1.67+0.02f 158+3¢ 164+4d 152+3b
3008 7.86+0.04¢ 8.13+0.11b 8.29+0.04d 3.79+0.04a 4.27+0.08¢ 6.29+0.05¢ 174+2f 149+2e 137+2d
300F 7.87+0.19¢ 7.94+0.05d 8.09+0.19e 1.87+0.06e 2.14£0.07e 2.51+0.06e 172+3f 146+5f 135+1d
300SF 7.84+0.06d 8.15+0.18b 8.35+0.18¢ 3.79+0.03a 5.66+0.09a 7.85+0.13b 210+1b 160+3d 134+5d
300SE 7.64+0.06e 7.75+0.06e 7.80+0.06g 2.28+0.12d 2.75+0.10d 3.80+0.09d 200+5¢ 184+5h 173+3a
300SFE 7.86+0.12¢ 8.20+0.03a 8.51+0.09a 3.86+0.07a 5.15+0.09a 8.66+0.04a 188+4e 129+2h 108+6g

T RBNAS R B [ — B A [ 4b B ) 25 5 8 2 (P<0.05) o

Note : Different letters in the same column indicate significant differences between different treatments during the same stage (P<0.05).
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difference significance of the same treatment at different periods,"*" indicates P<0.05,"* *" indicates P<0.01,"* * *" indicates P<0.001. The same below.
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The bar graph represents the concentration of Cr( VI ), the scatter diagram represents the reduction rate of Cr( VI)
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Figure 2 Cr('VI) concentration and reduction rate in soil
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Eh and DOC represent soil Redox potential and organic matter content; Cr( VI) and Cr represent soil Cr( VI) and total Cr content; MIA, SMA and MAA
represent the proportion of micro—aggregates, small aggregates and large aggregates; DMWD represents the average mass diameter of aggregates; F.., Fu., F.,

Fo and F.. represent concentration of water—soluble, acid—extractable, reducible, oxidizable and residual Cr in soil, respectively. Asterisks represent
correlations between metrics, "*" indicates P<0.05; "**" indicates P<0.01,"***" indicates P<0.001,"****" indicates P<0.000 1.
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Figure 3 Correlation between soil physicochemical properties and various indicators
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Figure 4 Changes in the chemical form of Cr
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Figure 5 Distribution and average mass diameter of soil aggregates in the later stage of the experiment
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Figure 6 Concentration of total Cr and Cr( VI) in aggregates of different particle sizes under 50 mg-kg™ Cr( VI) exposure
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