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Sorption of Sb( V) on soils with different physicochemical properties and its influencing factors

SUN Qian'?, WANG Yu—jun", FAN Ting-ting"?, LIU Hai-Long', XUAN Liang', ZHOU Dong-mei'

(1.Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2.University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Antimony(Sb) and arsenic(As) belong to the same group in the periodic table of elements. As well as As, Sb is highly toxic. Howev—
er, research about soil environmental behaviors of Sb is limited. In the present study, batch sorption experiments were carried out to study
the adsorption behaviors of antimonite[Sh( V )] on 35 Chinese soils with different physicochemical properties to reveal the influences of
soil properties on sorption of Sh( V) on soils. Soil physicochemical properties significantly affected the sorption of Sh( V ) on soils.
Xinghua boggy s0il(60~80 cm ) had the largest adsorption amount, which was ten times larger than that of Shaoguan latosol red soil, which
had the lowest adsorption amount. The Sh( V) adsorption was significantly correlated with the content of metal hydroxides, especially Mn g,
CEC, dissolved organic carbon and total phosphorus. The principal component analysis and the multiple stepwise regression showed that
iron/aluminum oxides, manganese oxides and phosphorus described 75% of the variability of the regression model. These results advanced
our understanding of the environmental behaviors of Sb in soils.

Keywords: antimonate sorption capacity; partition coefficient; soil property; correlation analysis
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Figure 1 Soil sampling sites
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Table 1 Location and main physicochemical properties of 35 tested soils

o j:%;l@“ﬂﬁ 53 e o oW/ DOC/ CEC/ Bk Sb zmaég/ R E &t /g kg
URIEE/em g-kg'  mgeL”" cmol kg™ %o mg-kg™ Ca p Na K
1 7K (0~20) W - 5.61 212 132 12,5 14.5 0.91 33.6 0.77 12.1 12.8
2 AEH1L(0~20) 75 467 232 18.5 73 5.6 0.27 0.97 0.16 21.4 17.3
3 i 111 (0~20) WM 723 245 16.3 23.0 10.8 0.66 10.8 1.05 13.8 11.9
4 Z224(0~20) YR E 5.71 26.4 20.5 10.7 8.6 0.29 6.43 0.80 13.7 9.53
5 %82%(80~100) Y3 8.46 22 3.34 4.1 4.7 0.00 24.8 0.65 14.9 11.1
6 Rk (0~20) B+ 6.15 24.8 14.7 17.6 15.9 0.35 3.46 0.74 13.9 15.7
7 Hi1l1(0~20) (G 7.72 15.0 10.8 6.2 5.4 0.38 25.0 0.92 16.0 112
8 KE(0~20)  FEURADKFE L 647 34.1 17.4 23.0 17.2 0.98 3.56 0.51 9.18 9.04
9 KiE(20~40) FERDKRG L 7.42 6.5 5.70 19.2 12.5 0.45 4.54 0.27 11.7 7.9
10 Rk (40~60) ERERBOKAEL 718 5.9 6.24 25.9 17.8 0.31 4.28 0.25 9.55 8.63
11 2%4k(0~20) BiEL 659  29.8 17.9 23.9 13.1 0.49 6.19 0.97 11.1 157
12 2%4k(60~80) BE L 7.53 7.8 3.27 252 19.3 0.29 4.68 0.49 10.0 9.20
13 4ihi(80~90) (AN 8.39 1.7 3.33 3.9 5.9 0.42 33.2 0.77 14.9 14.1
14 FEFRILE0~20)  WifEHE 7.34 34.3 15.6 21.4 19.6 0.64 17.1 0.78 7.50 14.8
15 5kEME(0~20) BHEAKFEL 640 372 23.0 15.1 10.0 0.48 8.11 0.93 11.8 122
16 RA(0~20) WERKREL 527 240 14.0 20.5 17.4 0.63 2.99 0.35 8.97 8.22
17 RIH(0~20) fivo R 730 329 19.2 20.7 11.7 0.99 2.83 0.35 6.14 7.48
18 F2%(0~20) (FYaR: 5.62 17.6 10.8 14.7 23.0 1.15 1.43 0.25 4.18 9.67
19 E2%(80~100) [FaR: 5.09 5.1 3.17 14.6 10.7 0.67 1.19 0.16 6.93 10.8
20 HE(0~20) KHE L 594 265 16.9 7.0 11.9 0.92 2.40 0.55 4.67 10.5
21 PEBH(0~20) i 7.64 5.7 22.1 15.7 47.0 0.61 4.57 0.92 11.6 16.5
22 £4:72(0~20) TR 743 33.1 15.6 16.5 41.3 5.29 2.98 0.92 0.35 6.3
23 A E(0~20) KFEL 8.20 5.6 3.95 19.1 21.4 0.80 2.81 0.21 6.73 11.4
24 #RITHE(0~20) KHE L 7.03 317 24.5 26.1 13.6 0.35 7.63 1.09 10.5 16.9
25 SR (0~20) KAE L 6.14 143 13.9 9.2 12.6 0.12 0.08 0.35 3.96 18.0
26 JEEE(0~20) AR: 4 469 553 44.9 14.5 13.8 0.71 0.03 0.48 0.49 5.65
27 #EH7(0~20) 1 7.03 7.9 7.20 18.0 10.4 0.34 0.71 0.35 9.46 12,5
28 #H(0~20) DiYaR: 5.51 185 16.6 16.2 229 0.64 0.02 1.33 0.71 6.37
29 5 (0~20) i 8.69 5.7 6.89 10.9 13.1 0.37 10.5 0.52 11.7 15.9
30 % (0~20) KFE+ 7.99 38.6 26.5 14.8 29.5 1.96 17.1 0.94 0.61 8.88
31 $BH(0~20) i 7.60  8l.1 13.8 9.9 48.1 2.20 5.14 1.34 0.89 9.85
32 HEPR(0~20) AR 533 400 54.8 13.4 27.1 1.24 0.04 0.30 1.22 17.0
33 K>(0~20) KR 462 436 224 6.9 20.0 2.16 0.45 0.68 2.18 17.3
34 T (0~20) KFEL 8.09 24.6 17.9 18.4 222 0.18 5.50 0.61 8.40 18.3
35 &111(0~20) gn 1 552 205 17.6 13.0 343 0.47 1.93 0.34 2.73 152
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Table 2 Main physicochemical properties and sorption amount and distribution coefficients of Sb on 35 tested soils

- T IR /g kg Feua/ Al/ M/ Feol Alo/ Mno/ W Q1 ShAEREL
Fe Al Mn g-kg™ grkg! gkg! g-kg™ grkg! gkg! mg kg Ki/L-kg!
1 24.1 47.0 0.46 5.68 0.90 0.19 1.55 0.57 0.12 139+8.02  39+3.97
2 12.4 38.6 0.17 327 1.13 0.07 0.73 0.73 0.05 51£1.56  9+0.34
3 26.0 43.1 0.56 6.75 1.70 0.39 2.05 0.98 0.32 153+7.43 46430
4 20.8 41.1 0.27 5.44 1.10 0.06 2.98 0.71 0.04 555210 10£0.48
5 19.1 35.0 0.38 455 0.53 0.21 0.26 0.23 0.16 134£1.05  35:0.49
6 249 40.0 0.39 7.06 1.53 0.23 3.13 0.90 0.17 1715237 57+1.71
7 175 40.4 0.31 3.65 0.52 0.05 1.42 033 0.02 584053  11£0.12
8 29.1 485 0.44 11.7 2.07 0.30 4.45 1.19 0.19 217+1.86  106+2.82
9 23.9 47.0 0.49 8.62 1.51 0.47 1.52 0.83 0.39 26624.12  248+22.90
10 29.2 51.0 0.75 10.0 2.83 0.70 1.10 1.34 0.54 278+1.45 332£13.24
11 28.5 58.8 0.45 7.60 1.57 0.27 3.38 0.99 0.20 170£4.57  57+3.24
12 345 51.8 0.59 116 1.68 0.40 1.94 0.91 0.26 293+1.52  550+34.29
13 18.1 495 0.35 3.26 0.35 0.08 0.57 0.20 0.05 75£046  15+0.12
14 24.4 427 0.61 7.98 1.61 0.50 2.83 0.96 0.37 188£0.90  72+0.83
15 242 39.2 0.40 6.99 134 0.20 2.68 0.83 0.13 111£8.67  27%3.20
16 24.1 52.0 0.32 9.80 1.85 0.23 4.10 1.07 0.17 201£3.80 842430
17 16.6 30.6 0.25 943 2.03 0.23 3.83 1.20 0.15 183£2.06  67+1.75
18 28.3 47.8 0.41 142 3.39 0.32 242 1.58 0.18 21124.56  97+6.19
19 28.0 50.7 0.73 12,9 2.66 0.61 3.98 1.46 0.35 287+0.64  446£9.89
20 234 285 0.27 9.73 1.62 0.15 5.55 1.00 0.11 1784341  63£2.71
21 30.6 46.7 0.54 8.03 1.99 0.30 2.88 128 0.23 140£5.22  39+2.60
22 445 40.7 0.29 18.1 2.86 0.14 235 0.78 0.08 141126 40£0.63
23 31.1 26.6 0.55 13.2 2.39 041 1.86 113 0.29 2524190  186+6.64
24 314 434 0.38 7.39 1.58 0.13 1.94 0.93 0.07 61£11.22  12+2.68
25 25.6 0.59 0.35 10.8 2.01 0.24 3.48 1.18 0.17 87£530  19£1.56
26 12.2 0.35 0.05 5.52 2.07 0.02 2.04 1.26 0.01 745491  15%1.30
27 22.1 1.37 0.41 5.28 1.22 0.21 1.18 0.76 0.17 128120  33x0.52
28 134 0.64 0.04 8.99 1.83 0.03 2.29 0.95 0.02 254262  4x0.48
29 22.8 13.7 0.44 4.90 0.69 0.17 139 0.44 0.12 10820.84  26+0.30
30 253 355 0.37 16.4 2.70 0.27 3.65 1.17 0.15 129+5.41 342238
31 56.6 519 0.30 20.0 6.17 0.19 2.88 2.85 0.12 15348.90  46x5.12
32 18.9 0.45 0.08 9.50 134 0.02 345 0.69 0.01 110£1.11  2620.40
33 419 324 0.43 275 231 0.29 8.93 0.93 0.18 190£5.60  73x5.33
34 30.0 423 0.53 10.7 1.71 031 2.95 0.92 0.22 126+4.23  32+1.80
35 319 30.6 0.54 12.1 1.65 0.38 5.88 0.99 0.29 174£1.19  59£0.89

T W BR BB 9 LE 1:50, S B 4AHEEE 53 ol - L, S2F5H f# T & 10 mmol - L™ KCI P42 10 mmol -+ L™ MES, “E453% pH 55178 5.5,

Note: Soil to liquid ratio in absorption experiment was 1:50. Initial concentration of Sb was 53 pmol - L. Electrolyte was 10 mmol - L' KCI and 10 mmol «

L™ MES with equilibrium solution pH at 5.5.
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Table 3 Correlation coefficients of Ky and Q related to physicochemical properties of soils

Fe A Im Mn,, Fepcs Al pes Mnpg Fe, Al

OM  DOC Ca P Na K pH CEC Zhkid&

R* for K4 0.252 0.365" 0.600" 0.225 0.206 0.708™ -0.018 0.217 0.642" -0.366"-0.430" -0.179 -0.399" 0.028 -0.233 0.055 0.412° -0.050
R* for 0 0.446™ 0.488™ 0.716™ 0.424™ 0361 0.849™ 0.215 0.363" 0.804™ -0.269 —0.464™ -0.188 -0.420" -0.053 -0.155 0.112 0.476™ 0.077

T % FORTE 0.05 KV ERFARK, ** FIRTE 0.01 KV FBFHK.

Note: *indicates significant correlation at 0.05 level, ** indicates significant correlation at 0.01 level.
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Figure 2 Correlation between adsorption quantity(Q) of Sh('V ) on

35 tested soils and content of Mnyy; in soils
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Figure 3 Principal component analysis of soil properties
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