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10 100
1 Pb Zn Cr
1 163 146  98.2 mg/kg
1.1 (GB15618-1995) Pb Zn Cr
(pH<6.5) 250 200 250 mg/kg
(0~17 cm) Cu Cd
F1 HiI L IEERUFMER
Table 1 Basic physical and chemical properties of the tested soil
pH CEC Cd Cu Pb Zn Cr
(g/kg)  (mgkg)  (mg/kg) (mg/kg)  (cmolkg) — (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
461 241 103 50.2 43.7 9.24 15.9 1408 163 146 98.2
pH 10.2 1.4
SiO, 459 g/lkg AlLO; 315 g/kg Fe,0; pH( 25:1)
89.2 glkg CaO 96.2 g’lkg MgO 5.1 glkg SOs U8 Olsen M
27.4 g/kg <5 5~10 10~20 20~30
30 ~45 >48 pm 20.4% 18.6% 22.7% CuCd Pb Zn Cr HF-HC10,-HNO;
11.4% 10.9% 16% 0.5 m’/g ( )
Cu Cd Pb 494 0.13 1.66 mg/kg [20]
1.2 RISE-2006
5 3
0.2% 0.5% 1% 2% Cu Cd 0.01 mol/L CaCl,
( ) 1:5 2h 3000 r/min 10 min
400 g 0
8 20 40 80¢ Tessier 211 Cui
70% 221
(25°C) 7 15
30 60 pH 1.5
Cu Cd 60 Cu Cd Langmuir
Freundlich Langmuir
1.3 Cu  Cd C; szKLCe/(HKLCe) )
(0.5£0.01) g 100 50 ml ’
30 ml (mg/g) Cin (mg/g)
Cu 10 20 40 80 120 150 200 mg/L K Ce
cd 10 20 40 (mg/L)
80 120 150 200 mg/L 3 Freundlich
Cu Cd 0.01 mol/L NaNOs C=Kr C; 2
1 mol/L HNO; 1 mol/L Cs
NaOH pH 5.5 (mg/g) Kr n  Freundlich C.
(25+1) ‘C 150 r/min 24 h (mg/L)
4 000 r/min 10 min Excel 2007 SPSS
0.45 pm 1 20 (One-way ANOVA)
4°C Cu Cd Duncan
( ) P<0.05
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2 9.43 mg/g Freundlich Cu Ky
3.61 Cd Ky 153
2.1 Cu Cd Cu cd
1 Cu
Cu Cu
10 mg/L 200 mg/L Cu
0.60 mg/g 9.70 mg/g Cu
Cd 10 mg/L
200 mg/L 0.59 mg/g %
8.76 mg/g EEj
Langmuir  Freundlich =
Cu Cd
2 2 (R%)
0.90 Langmuir  Freundlich 0 L \ . . ‘ . |
Cu cd 0 10 20 3(/)_‘ - 40 50 60
. KSR 1Pk (me/L)
Langmuir Cu 1 BHRIRRE CuF Cd BIIR R 2R 4%
9.90 mg/g Cd Fig. 1 Sorption isotherms of Cu and Cd by fly ash
% 2 Langmuir 70 Freundlich I[Z Ml &5
Table 2 Parameters of Langmuir and Freundlich equations
Langmuir Freundlich
Ky R K n )is
Cu 0.83 0.99 3.61 0.32 091
Cd 0.16 0.97 1.53 0.46 0.99
2.2 pH Cu Cd 2% Cd
2A 23.1% 7 0.18 mg/kg(9.57%)
pH 7 2% 2.3 Cu Cd
pH 0.37 60 Cu Cd
pH 3 Cu
60 1% 2% Cd Cu
pH 7 Cd Cu
0.56 0.54 (499 mg/kg 35.6%) 5
2C 7 15 Cu RES( ) > OM( )>
30 60 Cu EXC( ) > Fe-Mn( ) >
Cu CA( )
7 2% Cu Cu
Cu 11.3 mg/kg (27.1 mg/kg) 1% 2%
58.3% Cu 84 102 mg/kg
Cu 60 29.4% 35.7% Cu
2% Cu 20 33 mg/kg 11.9% 19.6%
62.8% 7 3.35 mg/kg(27.3%) Cu
Cu Cd
30 60 1% 2% Cd 5 Cd
Cd RES( ) > EXC( ) > CA(
) > Fe-Mn ( ) > OM(
Cd 60 ) Cu
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ﬁ;i 1.6 F
< 14t
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( P<0.05 )
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Fig. 2 Soil pH, available Cu and Cd affected by coal fly ash
=3 MERMNTIE CuFl Cd LFRSHEN
Table 3  Effects of fly ash on fractions of soil Cu and Cd
EXC CA Fe-Mn OM RES
Cu 1402+31a 286+ 12a 143+ 13 b 168+17d 305+12a 499 +24 a
/k
(mgkg) ) o, 14124494 261+ 6ab 152+ 9 ab 165+8d 323+3a 5104224
0.5% 1420522 240 £ 16 be 162 +5 ab 17913 ¢ 312+9a 527+30a
1% 1416+ 65a 202+ 11 cd 171 £ 8 ab 188+ 14 b 317+15a 537+17a
2% 1423+33a 184+15d 179+ 12a 201+15a 314+15a 545+ 11a
cd 15903 a 630+030a 146 £0.12 ¢ 1.11£029b  0.65+0.06 a 6.38+0.80 b
/k
(mgkg) ) o, 160+£04a  603+£0.12ab  1.50£0.08bc  128+0.13b  0.69+0.05a  6.50:+0.53 ab
0.5% 158407 a 5.58 +0.24 be 1.63 £ 0.07 be 142£0.14b  0.66+0.06a  6.51+0.65 ab
1% 16.1+£0.7a 491+023¢ 1.93+0.20 ab 193+0.17a  0.68+0.05a  6.65+0.69 ab
2% 161+04a 4.04+020d 230+0.18a 233+0.15a  0.71+0.06a 6.71+£0.75a
P<0.05 EXC CA Fe-Mn OM RES
cd cd 0.82 1.22mgkg
Cd 1% 2% 73.9% 110% 1% 2%
Cd 1.39 Cd
2.26 mg/kg 22.1%  35.9% cd
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3
Cu Cd Cu
Cd Langmuir
Freundlich Freundlich
[23] K¢
2
Cu cd
Freundlich
Dai ¥ Langmuir
Cn
2 Cu cd
Cu Cd
Cu Cd
(779  51.7 mg/g)*! (22.1  11.5 mg/g)*¥
Cu Cd (41.3
37.2 mg/g)?*" (2.12  2.13 mg/g)
(0.20  0.37 mg/g) (0.02  0.03 mg/g)
Cu «d (28]
3 P pH>3
pH (291 Abat
[30] Wu [31] pH
q
CaO  SiO,
ALO;  Fe)03 Cu Cd (327331
pH Cu Cd
pH Cu(R*=0.713) Cd
(R*=0.733) (P<0.01)
pH 10 ~
13 CaO  SiO,
pH
[34]
pH
Cu Cd
pH Cu Cd
60 Cu Cd
Cu Cd

Cu
Cd Cu Cd
pH
[35]
( el
(F€203
8.92%) Cu Cd
Kabala  Singh?”
( %)
60
Cu Cd 30.6%  48.8% 2%
Cu Cd
25.5%  39.4% Cd Cu
Cd Jano D%
Cd Cu Kabala
Singh!*”! 10%
Cu Cd 20%  30%
4
Cu Cd Langmuir
Freundlich Cu Cd
9.90 mg/g  9.43 mg/g
pH Cu Cd
Cu Cd Cu
Cd Cu Cd
Cu Cd
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Immobilization of Cu and Cd in Contaminated Soil by Coal Fly Ash

CUI Hongbiao', WU Qiugang', ZHANG Xue', SU Binbin', YI Qitao', ZHANG Shiwen', ZHOU Jing®*
(1 School of Earth and Environment, Anhui University of Science and Technology, Huainan, Anhui 232001, China;
2 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Adsorption isotherms of Cu and Cd by coal fly ash were studied through a batch equilibrium experiment and an
incubation experiment. Soil pH, available and five chemical speciation of Cu and Cd were also investigated to study the
immobilization of Cu and Cd by coal fly ash with application rates of 0.2%, 0.5%, 1% and 2%. The results showed that both the
Langmuir and Freundlich equations can be used to describe the sorption of Cu and Cd by the coal fly ash, and maximum sorption
amounts of Cu (9.90 mg/g) was higher than that of Cd (9.43 mg/g). Soil pH was significantly increased and available Cu and Cd
were decreased with the increasing of application rates of coal fly ash. Meanwhile, the application of coal fly ash significantly
decreased the concentrations of exchangeable Cu and Cd and increased the concentrations of Cu and Cd bound to Fe-Mn oxides,
which decreased the mobility factors of Cu and Cd, and promoted to the transformation of Cu and Cd from active to inactive
fractions. In the soils treated by 2% coal fly ash, soil pH increased 0.44 unit and the concentrations of exchangeable Cu and Cd
decreased 35.7% and 35.9% than those in the control after 60 days incubation, respectively. This study indicated that coal fly ash
can effectively adsorb Cu and Cd, and reduce available and exchangeable Cu and Cd, which can be applied to immobilize heavy
metals in contaminated soils.

Key words: Coal fly ash; Cu and Cd contaminated Soil; Immobilization; Chemical speciation; Adsorption



