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[2,5-8]

Pb Cd

Pb Cd Pb Cd

1 MR5IE

1.1
0 ~
20 cm)
10 Pb Cd 1277
33.9 mg/kg
(GB15618—1995) (Pb 300 mg/kg  Cd 0.3 mg/kg)
4.26 113 © Pb Cd
1.90  1.79 mg/kg pH
(CEC) 6.80 36.9 g/kg 8.83 cmol/kg
104 mg/kg 0.18 mg/kg
648 mg/kg
(
) ( )
( ) (
) (
) ( )
pH Cd Pb 1

F1 #kFpHIELESE

Table | pH values and heavy metal concentrations in selected

amendments
pH Cd(mg/kg) Pb(mg/kg)
9.42 - 2.72
12.2 0.21 1.39
7.86 2.26 17.4
9.89 - 36.0
9.21 1.25 32.9
8.84 - 5.41

1.2
1)

0.02 0.05 0.10 0.15 0.20 g/kg
0.01 0.03 0.05 0.07 0.10 g/kg
0.01 0.02 0.03 0.04 0.05g/kg 0.1
0.2 03 04 0.5gkg
100 g(
11 cm
7 cm) 60 d

pH 0.01 mol/L CaCl, Pb
Cd
2) 0.1 g/kg
0.2 g/kg 0.04 g/kg 0.1 g/kg
0.02 g/kg

0.1 g/kg
0.04 g/kg
0.1 g/kg
+0.1 g/kg
0.1 g/kg
+ 0.04 g/kg

0.2 g/kg
0.1 g/kg
+ 0.2 g/kg
0.1 g/kg
+ 0.1 g/kg

0.02 g/kg
0.1 g/kg
+0.04 g/kg

0.1 g/kg

335
300g 60d
70%

1 cm

70% 28d
3 3
105 C 30 min 70 C
Pb Cd
pH 0.01 mol/L
CaCl, Pb Cd
1.3

[10]

pH 1 25 pH
[11] [12-13]
Cd Pb 0.01 mol/L CaCl,
20¢g 50 ml
20 ml 0.01 mol/L CaCl, ( 10 1)
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25 °C 180 r/min 2h 3 600 r/min 5 min pH
(SpectrAA pH
220FS) U4 (0.10 g’lkg  0.20 g/kg) pH
Cd Pb 0.4 g/kg 0.5 g/kg
0.200 0 g 2.2 Cd Pb
31 HNO;  30% H,O, 8 ml Cd
105 C 6 h Pb ( 2 (0.01 g/lkg 0.02 g/kg)
0.02 g/kg
Cd Pb Cd Pb 64.5%  63.2%
5 ml
1 1 HNO; HCI Cd Pb
(0.1
1.4 g/kg) Cd Pb
Excel 2013  Origin Pro 8.5 Cd Pb
IBM SPSS Statistics 21 Cd Pb
(0.15 gkg 020
+ g/kg) Cd
P< 2.3 pH
0.05
2
pH( 2) > >
2.1 pH pH
pH pH
(D pH 2
pH
pH
s .
7
HHHHHW7HHHHHH
6 0.02 0.05 0.10 6 . 0.03 0.04 0.05
iz [ pemn
&, b bbb Un
o TwTaTula T aTRATHIAIN
Z 0 I 0.01 I0.03 I0.05 I 0.07 I 0.10I 6 0.01 .
P h c be ab ab 2 L
7| d

=
-
j

0 0.02 0.05 0.10 015 0.20

TS

B IR (2/ke)

P<0.05 )

1 AFREELTIE pH Tk

Fig. 1

Soil pH values under different treatments
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0 0.02 0.05 0.10 0.15 0.20 0 0.01 0.02 003 0.04 0.05
3[R 2 . a8

CaClEBASPLAIC 75 & (mg/kg)

0.02 005 010 015 020 0 0l 02 03 04 05
Bk (2/ke)

2 FRE4LIET LI 0.01 mol/L CaCl, EHIZA Cd. Pb ZETIL
Fig.2 Soil Cd and Pb concentrations extracted by 0.01 mol/L CaCl, under different treatments

%2 FEAETAE pH AMEREMBEL

Table 2 Soil pH values and maize biomass under different treatments

pH e ) e )
CK 6.80+0.09d 3.89+£048a 3.65+0.49 bed
7.92+0.00 a 3.44+£032a 3.19+£0.24d
6.96 £ 0.08 cd 4.00+0.20 a 4.23+£0.22 cd
7.01£0.04 ¢ 3.81£0.59a 3.55+0.38 abed
7.16 £0.06 b 473+034a 3.79 £ 0.46 abc
6.99 £ 0.09 cd 447+021a 3.99+£0.56 ab
+ 7.11£0.05 be 5.04+039a 3.67+0.10 ab
+ 7.18+£0.08 b 5.19+£0.09a 4.61 +0.08 abc
+ 8.00+0.03a 434+0.22a 3.78 £ 0.51 abed
+ 7.00 = 0.08 cd 517+£051a 4.75 +0.14 abc
+ 6.99 +0.05 cd 4.06+0.29a 3.89 £0.15 abe
CK P<0.05 0.2% 0.04
g/kg 0.10 g/kg 0.10 g/kg 0.2 g/kg + 0.10 g/kg + 0.10 g/kg + 0.10 g/kg
+ 0.04 g/kg + 0.10 g/kg + 0.02 g/kg + 0.2 g/kg +0.04 g/kg + 0.2 g/kg +0.10 g/kg
2.4 Cd Pb 76.4% 30.8% 27.4% 32.1% 35.7% 81.4% 20.7%
24.0%
Pb Cd Pb Cd
3 + Pb
+ Pb Cd 0.05 0.49 mg/kg
95.6% 19.2% 20.8% 97.5% 2.5 Pb Cd
+ CK +
+ + + Pb 30.5% 35.6%( 3 P<0.05)
+ cd + +
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% 3la oCd =Pb Pb
£ CK +
= abg
I beq a oda + + +
<;— a cde
B 2 2 Pb 25.4%
g 31.4% 30.1% 26.1% 24.7% 26.1%(P<0.05)
:‘]
E\; I+ . + Pb
%" ) 92.4 mg/kg  24.0 mg/kg
“ ol a 3 CK
& A @\ B O @% NI P cd N
£ o Py wé* t@ &;& @{O &j\: @5
\@/ bx %L @ 48.5%
:(@S @@} ‘ﬁ\«\ ‘“\ +
ENEEO k4 42.1% 38.3% 34.0% 31.2%(P<0.05)
B3 FE4LIELIE 0.01 mol/L CaCl, 2B cdfippy  Cd + CK
BT 21.7%  34.0%(P<0.05)
Fig. 3 Soil Cd and Pb concentrations extracted by 0.01 mol/L CaCl,
; CK +
under different treatments
Cd 41.0 mg/kg
Pb 45.7% 62.7% 30.3 mg/kg
3 AELEBTEXRRIM EE Pb. Cd &= (mg/kg)
Table 3 Pb and Cd concentrations in shoots and roots of corns under different treatments
Pb Pb Cd Cd
CK 143.00+17.4 cd 31.90 £ 5.2 0a 79.70 £ 9.56 a 4590+3.87a
99.70 £ 1.79 ¢ 28.20 +2.82 abc 49.20 £ 9.52 de 35.90 +£3.38 be
175.00 £ 4.59 be 23.80 +2.36 bed 78.50 £ 8.11 ab 45.00+9.81 a
120.00 + 5.95 de 28.90 £ 1.62 ab 58.30 + 9.24 abed 43.30 +£3.20 ab
177.00 £ 0.72 be 21.90+0.50d 52.60 + 2.40 bed 48.40+4.23 a
135.00 +£2.34d 27.10 + 4.30 abed 46.10 £ 0.37 de 48.30+5.76 a
+ 209.00 £+ 3.04 ab 2230+ 1.48 cd 59.00 + 3.59 abed 43.40+296a
+ 233.00+222a 23.60 +2.22 bed 59.90 £9.17 abed 43.70 £ 6.65 a
+ 92.40+2.61¢ 24.00 + 0.68 bed 41.00+4.50 ¢ 30.30+3.62¢
+ 144.00 + 13.00 cd 28.80 £ 0.75 ab 54.80 + 8.80 bed 36.90 £ 0.01 abc
+ 171.00 £ 11.00 ¢ 23.60 = 0.26 bed 72.40 + 4.58 abc 49.50+5.22a
[3]
3 \‘ \A
Wit 0.05 ~ 0.10 g/kg cd Pb
pH pH( 1) pH
Pb Cd el
2] pH (0.03 ~ 0.05 g/kg) Pb Cd
pH pH (D
[17]
[15] PbY  Cd* [18]
pH Pb Cd cd (0.25 mg/kg) 0.1~
Pb Cd pH 0.3 g/kg Cd
(ry=—0.96  rcg=—-0.95) 8.6% ~ 13.7% 0.1 g/kg
(6] (0.02 0.05 g/kg) Cd Pb
Pb Cd cd Pb ( 2
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(Ca% K+) cd*
H pH( 1)
Cd
pH
n
Cd Pb Cd 0.49 mg/kg
[22] cd
( 2 (191 0.1 g/kg cd (rea =
—0.66) Pb Pb
Cd Pb (rpp = —0.20)
0.01 ~ 0.10 g/kg Pb cd
0.02 ~ 0.20 g/kg pH Cd
Pb Cd
cd Pb Cd
[20] cd +
(Cd 0.22 mg/kg) 0.02 ~ 0.08 g/kg Pb Cd
Cd 6.89% ~ 15.6% Pb Cd (1
pH pH Pb Cd
(D
Ca Mg
( ) Pb Cd
( )
[23]
Pb Cd
( Pb436 mg/kg Cd 2.59 mg/kg) Pb
DTPA Pb Pb Cd
Cd 38.0% 5.76% Pb ( 3)
40.2% 34.1% Cd 5.85%
14.8% (2] ( Pb [24]
128 mg/kg Cd 0.8 mg/kg) Cd Pb
20.8% ~27.0% 28.0% ~ 48.9%
cd 42.2% ~58.5% Pb 50.3% ~
69.5% +
Cd Pb 97.5% (23] Cd 0.006 ~
81.4% Cd Pb 29.6%~  0.032 Pb 0.006 ~
48.5% ( 3 0.0181¢
3) +
cd 30.8% 27.4% ( )
Cd ( 3 3) /
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Preliminary Study on Cadmium and Lead Stabilization in Soil Highly
Polluted with Heavy Metals Using Different Stabilizing Agents

HAO Jincai'?, LI Zhu®>*, WU Longhua®, NI Caiying'’, LUO Yongming®
(1 College of Life Science, Jiangxi Normal University, Nanchang 330022, China; 2 Key Laboratory of Soil Environment and
Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: By soil culture and pot experiments, an agricultural soil seriously polluted by heavy metals (total concentrations
of Pb and Cd are 1277 mg/kg and 39.0 mg/kg, respectively) was used to study soil metal stabilization with in incubatin
experiment the amendments of sepiolite, lime, humic acid, calcium magnesium phosphate, phosphate rock powder and biochar.
The results showed that in incubation experiment the addition of different amendments changed soil pH and metal availability,
lime addition induced highest reduction in soil available Pb and Cd concentrations, followed by sepiolite, but there was no
significant difference in soil metal availabilities between treatments with high doses of lime or sepiolite; the low dose biochar (0.1
g/kg) significantly increased soil available Pb and Cd concentrations, while high dose biochar decreased the metal availability. In
pot experiment the addition of mixture of sepiolite-lime gave the highest reducing effects on soil pH and available metals;
compared to control soil, the addition of sepiolite and lime together decreased soil Pb and Cd availabilities by 97.5 and 81.4%,
respectively, and Cd and Pb concentrations in roots and shoots decreased by 48.5% and 34.0%, and 35.6% and 29.6%,
respectively; but the addition of mixture of sepiolite-phosphorated materials significantly increased Pb concentration in roots but
decreased Pb concentrations in shoots, and had no significant effects on Cd concentrations in plants. The above results show that
adding appropriate soil amendments can significantly reduce heavy metal availability and plant metal uptake in heavy metal
severely contaminated soil.

Key words: Agricultural soil; Heavy metal; High pollution; Stabilization; Corn; Availability
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