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(0 ~ 40 cm)
2 mm
As 30.2 mg/L
1
1.1 1 Fe
(FeSOy) (FeS) (Fe’)
F1 LIESEAREHMER
Table 1 Basic physiochemical properties of tested soil
pH (%) (g/kg) CEC(cmol/kg) As(mg/kg) Pb(mg/kg) Cd(mg/kg) Cu(mg/kg) Zn(mg/kg) Cr(mg/kg)
9.85 4.46 3.15 6.80 8805 728 34 162 223 7.8
1.2
2 mm 500.00 g As n =
1 000 ml 1% (Cy=Cs)/Cyx100% n %) G
FeSO;, FeS Fe' 3 As (mg/L) Cs
30% As (mg/L) 3 Fe
60 d As 2
#2 FREAE Fe iHM LI As MR ELHR
Table 2  Stabilization efficiencies of arsenic in soils by different iron-containing materials
pH As (mg/L) (%)
A FeSO, 7.36 1.83 93.9
B FeS 8.53 7.49 75.2
C Fe’ 8.20 1.07 96.5
4.000 g FeSO, FeS Fe’ 05h 0.45 pm 4
100 ml 40 ml 0
2 mmol/L (KH,PO,) 0.01 mol/L 5
As 3 pH 2.1 pH
37 11 3 1 P P pH
pH NaOH HCI pH 3 Fe As
3 000 r/min 2 8 24 1 pH As
48 96 144 h As P pH=3
3 As
1.3
As [10]
o] GB/T 22105.2-2008 GB/T 17141- P pH=3 pH=7
1997 GB/T 17138-1997 HIJ 491-2009 As 144h  FeSO, As
Pb Cd Cu Zn Cr 4.67 19.23 mg/kg FeS 13.17
(HJ/T 342-2007) SO; 63.58 mg/kg Fe’ 298  18.92 mg/kg
pH=11 3 As
(HJ/T 299-2007) 150 g As 49 212.72
2 mm 31.10 mg/kg pH=3 10.5 16
10 : 1 (L/kg) pH 3.20£0.05 10 As
(23 £2) 18h pH
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AsO} As As
[ OH AsO} Impellitteri [
As [12] P pH PO;
P P 3 pH As AsO;
FeSO, As
pH=3 7 11 P 33 P As P
55 35  FeS 3 pH pH =11 PO
15 4 1.8 Fe’ 29 3 As
5.6 4 P 3
180 (A) 400r
— 360
160 -
I 320
- 140 S 280f
=< I < I
2 1201 240
55 100} ?ﬂj 200]
g % % 160
g 600 2 120/
< 40 < 80 I
20 o 40
0 1 1 1 1 —— 1 1 ‘ID 0 1 1 O 1 1 1
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
i (h) i) (h)
140_— ©
120
% 100} -~ 0.01mol/L NaCl pH 3
ED %0 | -= 0.01mol/L NaCI+P pH 3
Eﬂj I -0-0.01mol/L NaCl pH 7
= 60 -e-0.01mol/L NaCl+P pH 7
f—% 40' -2~ 0.01mol/L NaCl pH 11
-A-0.01mol/L NaCI+P pH 11
20
0 ; N n n T T O T n T n A
0 20 40 60 80 100 120 140
EEIN(O))
(A. FeSO, B. FeS C. Fe’ )
1 BEMTIEDR As BREGFER B A9 ZT 1L
Fig. 1 Arsenic releases from stabilized soils with time
1 3 (D P pH=3 pH=
As 144h FeSO,; FeS 7 3 As 48 h
Fe’ As 176.57 48 h  As
383.06  123.15 mg/kg Fe' As p pH=11 FeSO,
As FeSO, FeS pH=7 FeS As
30.3% 67.9%
Fe' FeS [14-13] P pH=7 pH=11
Fe’
2.2 As 48 h
3 Fe As
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Elovich 3
As (R*=0.80)
Elovich P As (R
_ [16]
Elovich FeSO, Elovich
FeS Fe’
3 As
Elovich 3 As
Fz3 BRECTIEWMBRRIADZEAENES
Table 3  Kinetic equations fitting for arsenuc releases from stabilized soils
Elovich
0,=a+ blnt R? O,=ar’ R?
FeSO, pH 3 0,=10.737 - 1.138In¢ 0.951 0,=11.199¢ %1% 0.938
pH 7 0,=10.185+1.658In¢ 0.960 0,=10.604"" 0.982
pH 11 0,=3.204+9.330In¢ 0.956 0,=11.375{3% 0.943
pH 3 +P 0,=23.218+23.477Int 0.982 Q,=42.057"%" 0.942
pH 7 +P 0,=19.480+18.162In¢ 0.983 Q,=32.8761"%° 0.966
pH 11 +P 0,=-27.571+37.337Int 0.899 Q,= 12.847%% 0.991
FeS pH 3 0On=20.720-1.8691nt 0.881 Q,=21.010£""% 0.806
pH 7 0,= 14.654+9.2391In¢ 0.945 Q,=19.852/"%* 0.970
pH 11 0,=-16.352+37.359Int 0.822 Q,=15.114,'8 0.958
pH 3 +P 0,=32.557+28.270In¢ 0.995 Q,=54.397%% 0.955
pH 7 +P 0,=-13.395+51.6061n¢ 0.922 Q,=35.708"4% 0.962
pH 11 +P 0,=-39.133+74.734In¢ 0.890 Q,=32.731£3 0.992
Fe’ pH 3 0,=4.827-0.4191In¢ 0.927 Q,=5.023¢%1" 0.958
pH 7 0,=2.708+2.445In¢ 0.808 Q,=3.429/%"¢ 0.893
pH 11 0,=2.207+4.668Int 0.817 Q,=4.672(% 0.946
pH 3 +P 0,=21.132+14.697Int 0.926 Q,=33.192"212 0.855
pH 7 +P 0,=14.320+18.7811In¢ 0.987 Q,=29.582¢"27 0.960
pH 11 +P 0,=-0.673+22.679In¢ 0.936 Q,= 18.441/" 0.987
2.3 (201 As
Fe As Fe Ca
Al Mg Mn [17-19] As
800
700
. 600 o
é) 500 é
gi 400_ i%
£ 300 =
S 200
100+
0 I 1 L 1 L 1 1 L Il L L ) 1 1 Il 1 s Il " L " Il )
0 20 40 60 100 120 140 20 40 60 80 100 120 140
I (hy i) (hy
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Fig. 2 Releases of Ca, Mgand SO, from stabilized soils with time
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2 P P 3 P
Ca Mg SOi pH pH Ca Mg Mn
Mn ( 2 ) Fe As Fe Al (221
Al As (D Ca
As Ca;(AsO4),>Mg3(AsOy)> Mg Mn P
Mn;(As04),>AlAsO,>FeAsO,*" 2 P As
pH =3 3 As (23-24) As
Ca Mg As Ca Mg Mn
4 Ca Mg Mn pH=11 Ca Mg Mn
As ) As
3 As As 3
p As p Ca Mg PO; 23]
Ca Mg Mn pH=11 Ca Mg
F4 BMENLIEAsHBHESHMITERESEEZEH Pearson fHXFRE
Table 4 Pearson correlation coefficients between arsenic releases and other elements from stabilized soils
Ca Mn Mg SO
FeSO, pH3 —0.844* —0.985%** —0.932%* -0.777
pH7 0.157 0.944** 0.697
pH 11 0.075 -0.810 0.968**
pH 3 +P 0.989** 0.917* 0.976** 0.799
pH 7 +P -0.059 -0.496 0.973%* 0.805
pH 11 +P 0.405 -0.754 0.955%*
FeS pH3 —-0.595 —0.856* —0.920** —0.788
pH7 0.201 0.919** 0.792
pH 11 —0.608 —0.797 0.898*
pH3 +P 0.976** 0.810 0.978** 0.804
pH 7 +P -0.800 0.961%* 0.739
pH 11 +P 0.312 -0.793 0.954%*
Fe’ pH3 —0.961** —0.908* —0.922%** 0.229
pH7 0.507 0.836* 0.645
pH 11 —0.749 —0.801 0.678
pH3 +P 0.980** 0.945%** 0.996** —-0.196
pH 7 +P -0.166 0.977%* 0.793
pH 11 +P 0.137 -0.775 0.698
* P<0.05 ok P<0.01
As FeAsS+11H,0=Fe(OH);+HAsO; +SO; +18H +14e
(FeAsS) (AsS (1)
As,S;+6NaOH=Na3;AsS;+Na3;AsO;+3H,0 2)
As:S3) (CuAsS,) 2)  AsS: S0P AsO;
Asl2627] D)
pH As
pH=11 FeSO;  FeS SO; As [29]
As As
«C 4 2 () As
SO; As Fe’ As
As o Fe’
[28] As FeSO, FeS (301
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Interaction Effect of pH and Phosphorus on Arsenic
Release from Stabilized Soil

XU Wenyi"?, XIE Aijun’, LI Min"?, HUANG Minsheng" **

(1 Shanghai Key Lab for Urban Ecological Process and Eco-Restoration, East China Normal University, Shanghai 200241,
China; 2 School of Ecological and Environmental Science, East China Normal University, Shanghai 200241, China;
3 Shanghai Li Chang Environmental Engineering Company Limited by Shares, Shanghai 200241, China)

Abstract: Soils stablished by FeSO,, FeS and Fe® were chosen to study the interaction effect of pH and phosphorus on
arsenic release and the mechanisms involved. The results showed that the released arsenic tended to stabilize again over time at
pH 3.0, whereas increased dramatically at pH 11.0, reached 10.5, 10 and 16 times of those at pH 3.0 in 144 h, respectively.
Phosphorus addition promoted arsenic release from stabilized soils, especially under acidic condition. Elovich equation could
describe better arsenic release from FeSO, stabilized soil, while power function equation fitted better from FeS and Fe® stabilized
soils. Arsenic release was significantly correlated with dissolved Ca, Mg and Mn from soils at pH 3.0 and with SO; released
from FeSO,4 and FeS stabilized soils at pH 11.0, which imply that arsenic release from stabilized soil is influenced mainly by
dissolution of arsenic binded in Ca, Mg and Mn oxides under acidic conditions, while might relate with dissolution of sulfides in
FeSO, and FeS stabilized soils under alkaline conditions.

Key words: Stabilized soil; Arsenic; pH; Phosphorus; Release
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