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Immobilization of Cd and Pb using different amendments of cultivated soils around lead—zinc mines

YUAN Xing—chao, LI Bo, ZHU Ren—feng, YAO Dong, ZHAN Fang—dong, CHEN Jian—jun, ZU Yan—qun, HE Yong-mei, LI Yuan”
(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract: Field experiments and pot experiments were carried out to study the effects of sepiolite (S), lime (L), humic acid (H), biochar
(B), and calcium magnesium phosphate fertilizer (P) on the remediation of cultivated soils planted with corn, in the vicinity of a lead—zinc
mine in Yunnan. A BCR morphological classification experiment was used to study the variation in heavy metal fractions before and after
the soil amendments. The results showed the following: The soil pH value significantly increased after lime and sepiolite treatments. The
amendments significantly decreased the DTPA-extractable Cd and Pb. In the pot experiments, the highest immobilization efficiency of Cd
for the biochar 45 t-hm™ treatment was 45.3%, and that of Pb for lime 2.25 t-hm ™ was 60.6%. In the field experiments, the highest immobi-
lization efficiency of Cd for calcium magnesium phosphate fertilizer 3 t+hm™ was 48.3%, and that of Pb for lime 4.5 t - hm™ was 25.3%.
Lime, sepiolite, and biochar had significant effects on the fractions of heavy metals, that promoted the transformation of the heavy metals
from highly active to poorly active fractions. The immobilization treatment significantly decreased the Cd and Pb content in corn grains. Un-
der the biochar 22.5 t+hm™ treatment, the maximum Cd content decreased by 85%, and the content of Cd in grains met the National Food

Safety Standard value (GB 2762—2012, Cd<0.1 mg-kg™"). Under the lime 4.5 t - hm™ treatment, the maximum Pb content decreased by
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59.6% but did not meet the National Food Safety Standard value (GB 2762—2012, Ph<0.2 mg-kg™"). The yield increased after some of the

amendment treatments. The yield increased by 29.1% after the humic acid 22.5 t-hm™ treatment. Based on a comprehensive analysis of the

effects of different amendments and their application amounts on the yield, heavy metal mobility in soil, and contents in crops, sepiolite and

lime are the best choice of amendments for the remediation of Cd and Pb—contaminated cultivated soil around a lead—zinc mine area. The

application amounts are sepiolite 45 t-hm™ and lime 2.25 t-hm™, respectively.

Keywords: sepiolite; lime; humic acid; biochar; calcium magnesium phosphate; heavy metal; immobilization
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Table 1 pH and heavy metal concentrations of test soil and

passivating agent

Akt pH 4 Cd/mg-kg" 4= Pb/mg-kg”
R 5.94 4.65 73.56
AT 9.42 — 2.72
FaWR 122 0.21 1.39
JE R 4.86 2.26 17.4
FHEEREIL 9.89 — 36.0
HEW 8.84 — 5.41

201745 A 5 HIEFR, 2017429 H 24 HIJHk,

I 163, 435110 - (1) AT g1k 5] Ol
HE) 5 (2) V04T 15.22.5.45 t-hm2; (3) £ K 1.5.2.25,
4.5 t-hm™; (4) JEHEIBZ 15.22.5.45 t-hm?; (5) AW
15.22.5.45 t-hm™; (6) B5EE @A 0.75.1.5.3 t-hm ™,
BN 3 R E A, I 48 IR /N X, /N X AE H ]
BEAL 2, 4/ X 40 m?, /N X 8] BE 1 m, H Ja] 5%
/N PO B % 7K 78 (58 50 em, B 20 em) , LA(E K B
HEAK , B K 2 3667 m?, 76 FhoAE i 0 B4k 75 , B
it FH 5 DL 2R 2.
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I E K (Zea mays L) & 545 F 2017
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Table 2 Dosage of addictives in the field experiment(t+-hm™)

. Bl AR
BlAL IR e " -
JE AR 15 22.5 45
LRI 0.75 1.5 3
FaVR 1.5 225 4.5
TR AT 15 22.5 45

W e 15 225 45

45 5 H#EFP, 201747 1 19 Hksk,

KA 16 M b 3, 25N b HL R R H L B4 P 4
ANER 64 B R A5 0~20 em
L2+ BRI S SR A S (RS9 it
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NN R 13 2250 ) BB RIE A B T
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FEG WG AR/ OB AR R PR 438 4 il %
AR R, PRl A v - 8 /b, H AR st i) i, ok
IR B FOREEFPRL SRAF BRI AR YRR S JORFR

3 ARREHALFIAE (g kg

Table 3 Dosage of addictives in the potting experiment (g-kg™)

s AT B
BEALFRIAN S W m "
JE AR 6.7 10 20
PRI 0.33 0.66 1.32
PE)/ 0.67 1 2
A 6.7 10 20
ERYPS 6.7 10 20
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Figure 1 Effect of different treatments on soil pH
(A. Pot test, B. Field test)

2 (P<0.05) ; 1 &1 2B o] A1, BHEEBEAE 3 t- hm > A1
A 15 t-hm2Zb BEAA R X Cd #li AL ROR e ok, 40l ik
F T 48.3% F146.1% , A~ 7] FH 5t 19 1 36 A FES BEw IR
b B A 22 55 2 25 (P<0.05) . &l 3A AT AT, A1 0K 2.25
t-hm > FIVE AT 45 t-hm L0 BEASPF B % Ph B3R
K, 435k F) 60.6% F 52.7% , Ho , AN [R] FH 2 v
A FIE AR R b P ) 22 57 B 25 (P<0.05) 5 KT 3B AT A,
AR AS t-hm > FESEEBEAE 1.5 t+ hm 2 40 F 45 14 F %t
Ph EIARRCR IR, 430 3A 3 T 28.3% F126.3%
23 A FIM HIEFEESERSHNZIT

F & 4 BTN SRR A KRN A %) CdTE S 1)
by B . o AR 22.5 - hm AR L 5
X RECAH Eb 55 B2 £ S F % 5.72%, W] 8 I A
3.09% ;47 JK 2.25 t-hm QbR R , A 140 J5 25 4 0 BE T e
4.67% , 5T 7.35%; A 45 t-hm 20 HER
AR RS T [ 2.64% , bR 25 T 55 6.02% . A1 I
A=Wkt PhIE S B Ak e B &k o I gt Ay 45
t-hm 2 FIA P 22.5 t-hm A0 BE R o3RS 2050 T
21.04% #1 21.38%, ] A Ak 2 43 9l I+ & 14.31% F

200 A ik s

a

1.6‘_[_ b

1.2 b

b
A

0.8

WA Cd 5 im/mg kg™

%
B3

el

04

A 11K LW IR

SO

FEEETENL

20pa a a a a
161
Dby bbb

D
bbb ‘1‘%% b

0.8

A Cd 5 /mg kg

04r

\

AW JEHER
GO

JcK O 7Y N
B2 FELEN LRPHHE CdEERIRM
(A.#Z#iA%, B. XAIKE)
Figure 2 Effect of different treatments on available Cd content in

soil(A. Pot test, B. Field test)
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Figure 3 Effect of different treatments on available Pb in soil (A. Pot test, B. Field test)
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Figure 4 Percentage of different forms of heavy metals in potted soils (A.Cd, B.Pb)
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o Ph & AUR B # (P<0.05) , o VA 15 -
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b B PR UR 2 (P<0.05) , 38 72 3R 351k 27.9% F
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Table 4 Effect of different deactivators on cadmium and lead content in different parts of corn in pot experiment (mg-kg™)

Jr—— Cd &t Pb it
Lics E nf i E i
CK 5.14+0.74h 0.44+0.07ab 0.86+0.1ab 8.33+0.26h 3.13+0.29a 4.4120.72ab
A 15 5.71+0.60b 0.40+0.04ab 0.85+0.17ab 8.30+0.89h 1.55+0.35¢ 3.23+0.73c¢
225 4.73+0.85h 0.43+0.2ab 0.78+0.48ah 8.24+0.78b 2.10+0.13abc 3.93+0.2abc
45 4.94+0.55h 0.38+0.03ab 0.60+0.11ab 9.53+1.10b 2.77+0.43ab 3.67+0.6abc
VEVR 15 6.42+0.35ab 0.50+0.1ab 0.72+0.24ab 9.39+0.89h 2.49+0.44abc 3.29+0.54bc
225 5.99+0.59h 0.52+0.19ab 0.68+0.05ab 10.02+1.46ab 2.54+0.55abc 3.43+0.7abc
4.5 4.36+0.43b 0.37+0.07ab 0.46+0.19ab 12.41+0.80ab 2.32+0.48abc 3.20+0.68¢
IR 15 5.30+0.8b 0.69+0.07ab 0.86+0.46ab 10.58+0.83ab 2.29+0.65abc 3.94+0.4abc
225 5.05+0.62b 0.50+0.3ab 1.15+0.32a 15.13+0.67a 2.29+0.28abc 2.73+0.66¢
45 7.14x0.71ab 0.48+0.12ab 0.63%0.27ab 12.47+0.70ab 1.68+0.14bc 3.06+0.37¢
JE AR 15 8.83+0.86a 0.40+0.10ab 0.72+0.11ab 12.57+0.54ab 2.17+0.34abc 3.57+0.5abc
225 5.65+0.38h 0.3320.04b 0.60=0.42ab 11.69+0.78ab 2.33£0.65abc 3.08+0.39¢
45 4.9120.75b 0.77%0.19a 0.76=0.46ab 11.97+1.01ab 1.82+0.46bc 4.52+0.29a
FEEERENE  0.75 5.60+0.61h 0.50+0.18ab 0.69+0.08ah 11.51+1.07ab 2.46+0.28ahc 3.10+0.7¢
1.5 6.04+0.76h 0.35+0.15h 0.63%0.24ab 16.430.75a 1.9720.1be 3.47+0.8abc
3 5.06+0.65h 0.32+0.02b 0.4120.08b 8.11+0.57h 2.25+0.06abc 3.28+0.72bc

T MG NG FREFROR & b P2 0] 22 53 .35 (P<0.05) o T Il

Note: Different lowercase letters in the same column indicate significant differences between treatments (P<0.05). The same below.
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Table 5 Effect of different deactivators on cadmium and lead content in different parts of corn in field test (mg-kg™)

43/ hm Caiit L
il £ I R ES I
CK 2.50+0.2a 1.500.09ab 3.000.56a 8.97+0.5ab 6.49+0.98a 7.80£0.24a
A 15 1.230.18be 1.07+0.32be 1.660.13c 7.300.48b 3.78+0.15he 4.43:021c
225 1.13£0.19¢ 1.00£0.17be 1.520.17¢ 10.1420.3ab 3.5620.58bc 5.09+0.17be
45 1.23+0.38be 0.82:0.03¢ 1.79:+0.36¢ 8.26+1.21ab 3.78+0.35hc 4.57+0.12¢
kLS 1.22:0.14be 0.79:0.13¢ 1.78+0.22c 10.74:0.45ab 4.010.69bc 5.33+0.31be
2.25 1.24x0.07be 0.97:0.24be 1.610.08¢ 9.010.52ab 3.90:0.78be 4.89:0.26be
45 1.03£0.25¢ 0.88:0.09hc 1.52:0.2¢ 10.131.01ab 4.16:0.09bc 4.82:0.49bc
B 15 1.48:0.1abe 1.72+0.73a 3.140.59% 8.19+0.78ab 4.42:0.46be 5.07+0.26be
25 1.73+0.2abe 0.95:0.1be 1.79+0.24c 12.77:1.04ab 4.17:0.53be 5.98+0.40b
45 1.570.14be 1.140.42bc 2.02+0.13be 10.24+1.03ab 3.77+0.67be 5.87+0.52b
iR 15 1.16£0.11¢ 1.11:0.08be 2.62+0.35ab 8.41+1.2ab 4.43£0.17be 4.100.66¢
25 1.680.1abe 1.07:0.15hc 2.010.32be 13.13+1.26ab 4.64:0.The 5.07+0.82be
45 2.18+0.16ab 1.450.72ab 2.87+0.64a 15.19+1.54 5.43£0.56ab 5.40+0.11b
LRI 0.75 1.1520.28¢ 1.05+0.23bc 1.680.14c 9.80+1.2ab 5.130.3abc 5.23+0.17be
1.5 1.82:0.61ab 0.82+0.2¢ 1.52:0.18¢ 7.43:0.84b 4.06+0.1bc 4.80+0.18¢
3 1.15:0.4¢ 0.94:0.14be 1.71+0.25¢ 7.62:0.98b 3.310.24c 5.19+0.14be
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Figure 6 Effect of different treatments on heavy metal content in corn kernels
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Figure 7 Effect of different treatments on corn yield
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