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pH 9.1 24.9 g/kg 1.5
0.8 g/kg 0.5 g/kg 19.6 g/kg In Vitro [15-17]
290 cmol/kg Fe 14 mg/kg Mn 1.5.1 4L
1.63 mg/kg 2929 mg/kg  0.15 mol/LNaCl 35.06 g 2¢g 2¢g
524 mg/kg 1.68 ml 2 ml 5¢g 12 mol/L
1.2 HCI  pH 1.5 500 ml
( ) 500 ml 1 L/min
1.3 15 min S¢g
4 ( 025 mm ) 37
3 (A) 2% 1h 100 r/min 1 h
4% 8% (B) 03 05 0.75 ©) 3 500 r/min 0.45 um
1 3 5 (D) 5 10 15min
Lo(3%) 1 1.5.2 NaHCO;
100 g pH 8 0.36 g
3 12g  1L/min
15 min 5 g( 0.25 mm
) 37C 1h
£1 EXHBEEKER 100 t/min 15 min pH
Table 1 Levels of orthogonal experimental factors 12 mol/L HCl pH 8.0
A B: & D: 4 h 3 500 r/min 0.45 um
(%) @ (min)
1 2 0.3 1 5
2 4 0.5 3 10 2
3 8 0.75 5 15
2.1
1.4 2
ICP-AES 2] Rs>Ro
[13]
[14]
F2 ARMUEZFGTHFLEIIEDERRIEE
Table 2 Leaching contents of total Cr in soils under different conditions
(mg/kg)
A: (%) B: C: (d) D: (min) X X2 X3 X
1 2 0.3 1 5 3.98 4.85 4.68 4.50+0.46 a
2 2 0.5 3 10 3.48 2.89 3.03 3.13£031b
3 2 0.75 5 15 1.36 1.04 0.92 1.11 £0.23 de
4 4 0.3 3 15 1.8 1.46 1.31 1.52+0.25d
5 4 0.5 5 5 0.77 0.89 1.15 0.94+0.19¢
6 4 0.75 1 10 2.31 1.88 2.02 207+£022¢
7 8 0.3 5 10 0.87 0.98 1.08 0.98+0.11¢
8 8 0.5 1 15 0.49 0.6 0.58 0.56 £ 0.06 f
9 8 0.75 3 5 0.46 0.62 0.52 0.53+£0.08 f
T\ 8.74 7.00 7.13 5.97
T, 4.53 4.63 5.19 6.18
Ts 2.07 3.71 3.02 3.19
R 6.68 3.29 4.11 2.99 Ra>Rc>Rs>Rp
T R

P<0.05
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Tno>
Tp1>Tps 15 min
( 3) F=193.85>
(101 2 Fooi,18 = 6.01 F = 49.13>Fy 012,18 =
Ta1>Tar>Ths A 6.01 F=171.89>Fjp@18=06.01
8% F =47.52> Fyo.18 = 6.01
T31>T82>Th3 8
B; 0.75 9
9 8
A;B,C,D; 8% 0.5
1 15 min
[18]
Ter>Ter>Tes Rx\>Rg>Rc> Rp( 4)
5
(G F=
39.21>Fy 012,18 = 6.01 F =2383>Fyp10,18 =
x3 ERILEWAESNER
Table 3 Anova of different treatments on leaching contents of total Cr
F Foos Foor
22.80 2 11.40 193.85™ 3.55 6.01
5.78 2 2.89 49.13"
8.46 2 4.23 71.89"
5.59 2 2.80 47.52"
1.06 18 0.06
43.68 26
x4 FRMUFHETHTAELIERANEREHE
Table 4 Leaching contents of hexavalent Cr in soils under different conditions
(mg/kg)
A: (%) B: C: (d) D: (min) X1 X3 X3 X
1 2 0.3 1 5 3.51 2.87 2.78 3.05+040a
2 2 0.5 3 10 1.16 1.38 0.83 1.12+£0.28 be
3 2 0.75 5 15 0.76 1.18 1.23 1.06 £0.26 be
4 4 0.3 3 15 1.59 0.91 0.98 1.16 £0.37b
5 4 0.5 5 5 0.62 0.92 1.02 0.85£0.21 be
6 4 0.75 1 10 1.32 0.99 0.98 1.10+£0.19b
7 8 0.3 5 10 0.56 0.96 0.65 0.72 £ 0.21 be
8 8 0.5 1 15 0.45 0.86 0.58 0.63+£021c
9 8 0.75 3 5 0.33 0.38 0.78 0.50+£0.25¢
T, 5.23 4.94 4.78 4.40
g 3.11 2.61 2.78 2.94
T; 1.85 2.65 2.63 2.85
R 3.38 233 2.15 1.56 RA>Rg>Rc>Rp
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Table 5 Anova of different treatments on leaching contents of hexavalent Cr

F Foos Fo.or
5.85 2 2.92 39.21™ 3.55 6.01
3.55 2 1.78 23.83"
2.88 2 1.44 19.29”
1.52 2 0.76 10.20™
1.34 18 0.08
15.14 26
6.01 F = 19.29>F; 12,18y = 6.01
F=10.20> Fy 102,18 = 6.01 BA 2.87% 3.81%
2 3 5 7 8 9 0.75 pg/d  1.00 pg/d
3.01 pg/d  3.99 pg/d(
) 6
A3;B,CD; 8% BA 63.21% ~
0.5 1 15 min 84.67% 8 1.22%
2.2 81.77%
0.11 pg/d  0.21 pg/d
[19]
[20-22] 0.42 ug/d  0.86 pg/d( 6)
2.36x10™
(23] 4.3x10°
81.7%
[24]
Fz6 EERLIERRIENMEANMEHENTLN
Table 6 Bioavailabilities of hexavalent Cr in soils under digestive stages after remediation
Cy (mg/L) BA (%) Win(ug/d) Wa (ng/d) Wa (ng/d)
Cn
(ng/g)
1 524 0.018 0.051 0.34 0.98 2620 10480  0.09 0.26 035 036 1.03 139
2 524 0.014 0.052 0.27 1.00 26.20  104.80  0.07 0.26 033 028 104 132
3 524 0.021 0.033 0.40 0.62 26.20 10480 0.1 0.16 027 042 065 1.07
4 524 0.018 0.037 0.34 0.70 2620 10480  0.09 0.18 027 036 073 1.09
5 524 0.011 0.045 0.21 0.86 2620 10480  0.06 0.23 028 022 091 1.13
6 524 0.018 0.051 0.34 0.98 2620 10480  0.09 0.26 035 036 103 139
7 524 0.032 0.097 0.61 1.85 2620 10480  0.16 0.48 0.64 064 1.94 258
8 524 0.021 0.043 0.40 0.82 2620  104.80 0.1 0.21 032 042 086 1.8
9 524 0.039 0.046 0.74 0.88 2620 10480  0.20 0.23 042 078 092 1.70
BA=CiyViy<100/CsMs  Wy=CxWeoit  Wa=WnxBA BA (%) Cr InVitro
(mg/L) Viv (L) GCs
(mg/kg) Ms (kg)  Wn (ng/d) Cn (ng/g) Wil

(g/d) Wi (ng/d) Wi (ng/d)
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3
1)
4
2)
8% 0.5
15 min
3)
63.21% ~ 84.67% 8
1.22% 81.77%
81.7%
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Optimal Conditions of Sodium Hyposulfite Remediation on
Cr-contaminated Soil and Bioavailability Change of Cr in Soil

LIU Zengjun" %, LIU Hongmin®, XIA Xu*, ZHANG Xu?, LI Guanghe’, ZHANG Dan', JIANG Lin'

(1 Beijing Municipal Research Institute of Environmental Protection, Beijing 100037, China; 2 School of Environment,
Tsinghua University, Beijing 100084, China; 3 Henan College of Finance and Taxation, Zhengzhou 451464, China; 4 Institute
of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The optimal conditions of remediation of sodium hyposulfite and the bioavailability changes of Cr in soil before
and after remediation were studied. The results showed that for the chromium-contaminated soil, agent dosage was the factor that
had the most effect on total and hexavalent Cr leaching concentration. The optimal conditions for the agent on the remediation of
Cr—contaminated soil were 8% dosage, 0.5 : 1 water soil ratio (v/w), 1 d curing time and 15 min stirring time. After remediation,
bioavailability of the hexavalent Cr was significantly decreased by 63.21% — 84.67%, the carcinogenic risk of hexavalent Cr
decreased 81.7%, and so the human health risk could be reduced effectively.

Key words: Agent; Cr; Contaminated soil; Bioavailability



