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14
pH 1:25
CO, pH HF-HNO;-
1 HC1O4(10 ml-5 ml-5 ml) (
1.1 )
_ [18]
1 808 mm GBW07405
96% ~ 103%
[19]
0.01 mol/L CacCl,
130 hm? ( 1:5 2h 4000 r/ min 10 min
)iie] [17]
100% 87% ~ 100% 1.5
2009 Excel 2010 SPSS 19.0
pH 4.56 1.29 g/cm’ 16.3 g/kg P<0.05(LSD)
678 mg/kg 0.53 mg/kg
1.2 2
( 0.16 mm) 2.1
( 0.25 mm) 1
pH 122 8.40
1.36  9.54 mg/kg 0.87 0~13cm 895 mg/kg
1.18 mg/kg 5.8 g/kg 23.2 g/kg
1.3 1 364 mg/kg 3 139 mg/kg
2009 11 3m (5.8 ~23.2 g/kg)
2m 7 5.8 (1~4g/kg) 0~13cm
11.6 23.2 g/kg L- M- H- 4 g/kg 395 mg/kg  23.2
I 2 4g/kg L- g/kg 4179 mg/kg
M- H- CK 1.67 27.3
(0 ~ 13 cm) (13 cm
) 5.8 g/kg 74.2 mg/kg
100 kg 23.2 g/kg 143 mg/kg 0.93
2009
2010—2013
2014 4.21 cmol/kg  3.63 cmol/kg
1 g/kg
2016 1 4 g/kg 3.56 cmol/kg
0~13 13~30 30~50cm 0.79 cmol/kg 5.8 g/kg
23.2 g/kg 2.43 cmol/kg

0.12 cmol/kg
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x1 TEFIEHREMARLERE T ROERLFER
Table 1 Basic chemical characteristics of tested soils amended by different dosages of lime and apatite
(g/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg)
CK 164+£0.85a 895+22d 148 £7f 164+£0.85a 125+ 10a
L- 16.7+1.15a 870+9d 183 £ 6 ef 16.7+1.15a 119+ 13 a
M- 16.7+1.13 a 880 +25d 279+ 5e 16.7+1.13 a 132+ 10a
H- 168194 a 887+ 11d 395+24d 168194 a 129+ 10a
L- 16.0£0.60 a 1364+70c¢ 1156+72¢ 16.0£0.60 a 116 +3a
M- 16.3+0.78 a 2085+95b 2145+£62Db 16.3+0.78 a 123+ 8 a
H- 17.1+£042a 3139+76a 4179+ 67a 17.1+£042a 125+t 16a
(mg/kg) (mg/kg) (cmol/kg) (cmol/kg) (cmol/kg)
CK 53.5+5.1d 85.5+4.2b 8.66 043 a 421+020a 3.63+£0.23a
L- 47.1+5.8d 87.5+£10.6b 8.92+0.36a 3.56+£0.20b 2.89+0.27b
M- 42.1+4.2d 108 £7.1 ab 9.10+0.50 a 2.89+0.03¢ 2.07+0.08 ¢
H- 36.8+4d 121 +£11.7a 9.20+£0.22a 0.79+0.07 ¢ 0.46+£0.02d
L- 742+6.1c¢ 97.5+7.1ab 9.06+0.14 a 243+£0.36d 1.83£0.36¢
M- 114+6Db 118+ 11a 9.16+0.70 a 0.72+0.03 ¢ 0.44+0.14d
H- 143+ 12a 119+5a 9.45+0.14a 0.12+0.01f 0.12+£0.03d
P 0.05
2.2 pH pH
1 7a 0~ pH
13 cm pH pH
23.2 2A 0~13 cm
g/kg 4 g/kg pH
5.8 g/kg 1 g/kg 0.98 4 g/kg 23.2 g/kg
1.1 13 ~30 cm 4 g/kg 10.9% 10.4% 0~ 13 cm(
11.6 23.2 g/kg 690 ~ 765 mg/kg) 13 ~30 cm
pH 30~50cm 23.2 g/kg 859 ~ 1 070 mg/kg
pH 4 g/kg
R O L-FK EEM-AR zza AR 23.2 glkg
ESSjaL-ﬁ?W)ZT-l = M-BKf mm H-BR A 18.3% 19.8% 30 ~50 cm
6L it 354 ~ 512 mgl/kg
b
) L
sl w %é . L 0~ 13 cm
T el PNE||| 2o b
= = ( 2B
! = = 13~30 30 ~50cm
3 NS ANE
0~13 13~30
LS (cm) 0~13cm (548 ~ 665 png/kg) 13 ~30cm
( (511 ~ 663 pg/kg) 30 ~50 cm

P<0.05 )

1 BIRAMAKLIE 0 ~50 cm +E 1% pH BT
Fig. 1 Changs of soil pH in 0-50 cm soils amended by lime and
apatite

(442 ~ 540 pg/kg)
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mm CK COL-AK = M-AK zzaH-AK oS L-BRA = M-BIKA o H-BKA
1200 ¢ 5
W Tap 2 00 ® a? .
1000 L be % be j_ti; ab | g abcb abc
HE % 600 | % T ;C c aa a
2 800 b abd el 2 %% Ta L
ﬂﬁF = 12]8? —
&I 600 f = z =
= — a ah =400 f B
2 = The b 5 =
= d cd —
400 = 300 =
200 { = : g 200 { f = :
0~13 13~30 30~50 0~13 13~30 30~50
L2 (em) L2 (em)
2 BIRAMAKLIE0~50 cm LERFA)NREBB)ZTELT L
Fig. 2 Concentrations of total Cu (A) and Cd (B) in 0-50 cm soils amended by lime and apatite
2.3 (1.74 ~ 4.9 mg/kg)
3A (4.88 ~
60.7 mg/kg) H- H- 0~13cm
0~13 cm 21.3% 28.2%
13 ~30 cm H-
M- H- M- Cd 0 ~13 cm
H- 59.3% H- H- 30 ~ 50 cm
85.1% 69.2% 92% 0~ 13 cm Cd 18.8% 23.5%
13 ~ 30 cm
M- (52.6%) H- (70.4%) 3
M- (68.0%) H- (72.5%) 204 ~ 322 ng/kg
30 ~50 cm
mmCK CCOL-AK EmM-AK zzHAK LKA ssM-#ikA mm H-BEKA
80 - _
400 ®)
a
ab  gp 2 b
60 300 | ab & b aba
ED @ T b % b b ab l ab @ a ab
= ) ; I = [ IN\N= T ab ab
£ z = | ; = N
E — — —
]gt 40 40200 |- — = =
= o — — —
ot S — — =
: £ - = 5
e < oo | = = =
2 abcddebcdee % % %
0 w 0 e A= N
0~13 13~30 30~50 0~13 13~30 30~50
LR (em) A+ 2HE S (em)

3 BRAFMAMRLE 0~50 cm LIEGHSFA)MIBB)SEL KL
Fig. 3 Concentrations of CaCl, extractable Cu (A) and Cd (B) in 0—50 c¢m soils amended by lime and apatite
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3
[26]
[20]
pH 0 ~ 13 em 5 ngkg 221
ng/kg 3.48 pg/kg  27.4 pglkg (
pH 0~13cm )
0~ 13 cm
CaO 135g/kg 258 g/kg
pH
[25-26] 13 ~
+ 3+
" Al 30 30 ~50 cm
109 elke ( 30 ~50cm
)
0.16 g/kg
1 ~4 glkg
[27-28] CaCl,
[21] 7 0.01 mol/L
CaCl,
13 ~30 cm 0~13cm 30 ~50 cm 0~13cm 30 ~
350 cm 0 ~ 50 cm
0~ 13 cm
0~ 13 cm 3
13 ~30cm
Bidar *!
[20,22]
0~13cm 5~10 10~15
15 ~20 cm 0.01 mol/L CaCl,
Madejon 2%
(2023 CaCl,
0~30cm
(24 pH 0~ 13 cm
1 973 mg/m’ pH
15.2 mg/m*
[20,23] [29]
CuCOs
CdCO;, Cu(OH), Cd(OH),
( [30-32]
)

[25]

[33-34]
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0~13 cm

13 ~ 50 cm
) CaCl,
pH
0.01) pH
Basta

0.472 P<0.01) (

pH

~0.444(P<0.01)

13~30cm 30 ~50cm

pH(
pH
[20]

~0.409(P<

pH

(
0.379 P<0.05)

[36-38] 0 ~

13 cm

13 ~ 50 cm
(XRD )
0~70 cm

( 23.2 g/kg
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Vertical Migration of Cu and Cd in Soils Immobilized by
Lime and Apatite

FAN Yuchao'?, WU Qiugangl, CUI Hongbiaol’z, XIA Ruizhi', CHEN Jian', ZHOU J ingz*

(1 School of Earth and Environment, Anhui University of Science and Technology, Huainan, Anhui 232001, China;
2 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China)

Abstract: Considerable amounts of amendments have been applied to remediate heavy metal-contaminated soils, but little
information is available on the vertical migration of total and available heavy metals during long term immobilization with
amendments. In this study, soils at the depths of 0—13, 13-30 and 30-50 cm were collected under the different dosages of apatite
and lime, and the vertical migration of total Cu and Cd and their availability were investigated. Results showed that the
applications of apatite and lime significantly decreased the exchangeable acid and aluminum in 0-13 cm soil and increased total
Ca, and apatite application enhanced the contents of total and available Pin soils. With the increase of the dosages of apatite and
lime, pH and total Cu and Cd contents in 0—13 cm soil increased gradually, but the total Cu and Cd contents in 13-30 and 30-50
cm soils decreased. Available Cu and Cd at three depths all decreased with increasing the dosages of apatite and lime. Available
Cu decreased by 85.1% and 92.0% in 23.2 g/kg apatite and 4 g/kg lime amended soils, and available Cd decreased by 18.8% and
23.5%, respectively. Correlation analysis indicated that soil pH and total Cu and Cd were the main factors influenced the available
Cu and Cd. In summary, the applications of apatite and lime can effectively immobilize Cu and Cd in the topsoil and reduce Cu
and Cd availability and leaching downward.

Key words: Apatite; Lime; Cu; Cd; Vertical migration
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