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( ) 5 mol L' NaOH pH 12
( ) . 0 ~20 em 55C 1 h 90°C
2 mm o 48 h 2 h o
’ 1 mmol L™"HCl ~ NaOH
1. Fe 2-3
o 50 ¢ o 500 g
30 ~ 40 10 cm . ( ICP-OES)
0.17 mol L™'Fe( NO,) +9H,025 ml 1 gkg™'e
1
Table 1 Basic physical and chemical properties of tested soils
Clay Silt Sand .
TOC Amorphous iron Amorphous
) pH( H,0) <2pm  2~20 pm 20 ~2000 pm  Total Fe _ Total Al ,
Soil type (%) (%) (%) (%) (ke ) oxide (¢ ke) alumina
o (gke™") £ (gke™")
Red soil 4.80 0.21 14. 31 54.29 31.39 26.48 0.12 13.05 0. 46
7.37 2.47 16. 47 49.98 33.56 52.19 0.19 22.09 0.53
Brown calcareous soil
1.2 ) /450 )
2 500 ( ) 1750 ( )
2 o o
2 mm
KC10,( 0. 01 mol L") (1CP-
pH 0.01 mol L™" KCIO, MS) Sh .
+10 mg kg 'KSb( OH) , ;
( ( BTCs)
) 1 000 ( ) 300 ( C/C,y)
( ) . 1 001( ( PV pore volume PV = ut/L v
) /301( ) t L )
KC10,(0.01 mol L™") 1 500( T
2
Table 2 Basic conditions of the soil column experiment
/ X KClOo,
Sh
Column Size / length x L KClO,4 )
Soil type Sb concentration in influent Average pore water velocity
inner diameter » concentration in influent 1
(mg kg™") ) (em min™")
( mm) (mol L")
Red soil 85 x25 10 0.01 0.02
85 x25 10 0.01 0.02
Brown calcareous soil
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1.3 o 4 3
3
Table 3 Procedure for sequential extraction of soil samples
Step Extractant Extraction conditions Ratio of soil to water Type of adsorption
1 0.05 mol L='( NH,) ,S0, 25+1C 4 h 1:25
Shaking for 4 h at 25 +1 °C Non-specific adsorption
2 0.05 mol L™'( NH,) H, PO, 25+1 C 16 h 105
Shaking for 16 h at 25 £1 °C ' Specific adsorption
30 0. 20 mol L~ NH, -oxalate 0.10 (96 1:25 Fe. Al
mol L~! C;pH 3.25 +3 °C) 30 min
0.20 mol L~' NH,-oxalate buffer and 30 min in a water basin at 96 = Crystalline and amorphous iron
0.10 mol L~ " ascorbic acid; pH 3.25 3 °C in the light aluminum oxide bound
42 HF HNO; HClO, 5:2:1
Concentrated HF  HNO; /HCIO, ratio: Microwave digestion Residue
5:2:1
1) : NH, -oxalate buffer( 0. 20 mol L~') ; pH 3. 25; 1:12.5; 10 min Leaching after Step 3: in NH, -oxalate
buffer( 0. 20 mol 17') ; pH 3.25; Soil/water: 1::2.5; 10 min shaking in the dark
2) 4 24 h 0.20 g 8.00 ml After Step 4 residue freeze-dried for 24 h and then
0.20 g sampled for digestion in 8. 00 ml acid
1.4 pH 250 PV
KCl10, 0. 01 mol L~' pH o
4.6.7.5 pH 4.6.
7.5 10 mg ke ' KSb(OH) ,  (KCIO, 0. 01 :
mol L' ) pH 4.6.7.5
1546
“7Temh™',
2
2.1 CIC, =0.26
1 ¢/C, =0. 88 (PV =
. Sh ( ) 350) ( PV =150) . c/c,
“ » 14
(CIC, =0.13)
(cic, =
0.35) ; (400 PV) R o
(100 PV) . 800 PV C/C, =0.58
¢/C, =0.70
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2.2

Sb

1 (a) (b)

Fig. 1 Antimony penetration curve in red soil ( a) and brown calcareous soil ( b)

2 (a) (b)

Fig. 2 Antimony penetration curve of antimony in red soil ('a) and brown calcareous soil ( b)

Fe. Al )
Fe. Al
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3 (a) (b)
Fig. 3 Distribution of different forms of Sb in red soil ( a) and brown calcareous soil ( b) column
2.3 pH ;
(Br7) .
Br~
20
Br-
4 pH
“« ” 2 o 5 pH ( 4)
1.2cmh™'
] cre, o pH (6.7.5)
1 cic, S .
< P q
1.2cmh™ P H
Br- ’ P
pH
3
4

Fig. 4 Bromine penetration curve in iron-coated quartz sand
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5 pH

Fig. 5 Antimony penetration curve in iron-eoated quartz sand at different pH
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MIGRATION OF PENTAVALENT ANTIMONY IN TWO
TYPES OF SOILS TYPICAL TO SOUTH CHINA

Li Lulu'>  Zhang Hua® Zhou Shiwei’ Xu Shaohui'’
(1 Department of Environmental Science Qingdao University Qingdao Shandong 266071 China)

(2 Key Laboratory of Coastal Zone Environmental Processes Yantai Institute of Coastal Zone Research Chinese Academy of Sciences

Yantai Shandong 264003  China)

Abstract Through soil column leaching experiments migration of antimony in red and brown calcareous soil typi-
cal to South China was studied. Samples were collected from the columns at the end of the experiment for analysis of pro—
portions of varieus fractions of Sh( V) different in binding form using the sequential extraction method based on which im-
pacts of redox potential on migration of antimony and of pH on migration of antimony in iron-coated quartz sands. The ex—
perimental results show that the migration of antimony in the brown calcareous soil had a higher peak value ( C/C, =
0. 88) on its penetration curve than that in the red soil ( C/C, = 0.26) and the effluence of antimony was observed earli—
er in the former than in the latter. In the red soil "hangover" of the penetration curve was quite apparent. Things went
just reversely with the second leaching effluence. The peak value of the penetration curve increased significantly with C/C,
reaching up to 0. 58 in the red soil but decreased significantly in the brown calcareous soil as compared with the first
leaching and C/C,reduced to 0. 70 which indicates that the first leaching was imcomplete in the red soil and fairly thor—
ough in the brown calcareous soil. The sequential extraction experiment reveals in the acid red soil antimony exists mainly
in the form fairly strong in binding energy and stable chemically so it takes a longer time for antimony to get through the
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soil column and the process of penetration is not so clear. In the brown calcareous soil antimony exists quite similarly to
its presence in the red soil in form and distribution pattern but the proportion of weakly bonded forms of antimony ( non—
specifically adsorbed and specifically adsorbed forms) is higher than that in the red soil which indicates that its adsorp—
tion is somewhat reversible and may also explain why Sb in the brown calcareous soil needs less time to penetrate with a
higher penetration peak. Soil pH has some effect on migration of antimony in iron-coated quartz sands. When pH was 4
antimony penetrated iron-coasted quartz sands displaying a nice symmetric penetration curve without much hangover.
With rising pH symmetry of the curve was disturbed and the phenomenon of hangover became obvious.

Based on the experiments it could be concluded that the antimony in the red soil is quite lower in mobility than that
in the brown calcareous soil as is shown in the first leaching experiment and the mobility improves in the red soil when
leaching lasts long enough as is indicated in the second leaching experiment. Through the soil column extraction experi—
ment it is found that the antimony in the soils exists mainly in iron and aluminum oxides-complexed form and a limited
proportion in non-specifically adsorbed specifically adsorbed or residue form while the antimony content in brown calcar—
eous soil consists more of weakly bonded forms and that soil pH has some obvious effect on migration of antimony in iron—
coated quartz sands and with rising pH antimony weakens in mobility in the quartz sands.

Key words Soil; Antimony; Migration characteristics; Soil column experiment; Iron-coated quartz sand; Sequen—

tial extraction
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