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Utilization and Remedlatlon of Heavﬂy Cadmlum Contammated Agrlcultural Soils by,

Two Crop. Rotatlon Patterns Aftel‘/ lee and Sepiolite, Passwatlon =

XU Lu!, ZHOU Chun hall‘ *, LIU Mei® , KONG Hul S Yuan'f; HUANG Zhi-hong® * / 2l
(1-College of Resources dnd Fnvironment, Yunnan Agncu}tmal Lmvemty Kunmmg 650201, China; 2! Shdndong Tianhong Chemical Co., Ltd., Dongying 2572007, Chmd
3. Shebgqmg ,Emlronmenlaf Protection.Co., Ltd., Kunming 650100, Chma)

Abstract; In order 10 safelv utilize and remediate the heavily cadmiam- (ontdnunateﬂ fdrmlcmd in a mining area and ensure that the crops meet the feed safety standards, two
rotation pattems ( maize-alfalfa and maize-ryegrass) were tested after passivation with different ratios of lime and sepiolite as passivating agents, and the best ratio of passivating
agent and /natching crop rotation patterns were selected through comprehensive analysis and comparison. The field test was conducted to determine the physical and chemical
properties of the soil, the content of the effective state of the heavy metal Cd, and the content and biomass of Cd in crops. We also studied the changes in heavy metal
morphology before and after soil passivation using the BCR morphology classification test and comprehensively analyzed and evaluated its remediation effect. (D) The results
showed that the soil pH, organic matter, and CEC could be increased to different degrees by the application of lime and sepiolite. @) The recommended application amount of
LS1 (lime 6.6 t-hm > + sepiolite 9.9 t+hm ™) significantly reduced the content of heavy metal Cd in maize roots, stems, leaves, and seeds by 70.27%, 61.54%,
46.51%, and 44.23%, respectively, compared with those of CK. The Cd above ground in alfalfa was significantly reduced by 78.47%, whereas the Cd above ground in
ryegrass was significantly reduced by 65.79%. The effective state Cd passivation rate of the soil was 51. 37%, 69. 58%, and 77. 83% in the corn season, alfalfa growing area,
and ryegrass growing area, respectively. The heavy metals in the soil were converted from the weak acid extracted state with high activity to the residual state with low activity.
(@) The recommended crop rotation pattern of supporting maize-alfalfa under the applied amount of IS1 can significantly increase alfalfa yield while slightly increasing maize
yield compared with those of CK, and the forageable parts can meet the feed standard [ GB 13078-2017, w(Cd) <1 mg-kg ™" ], achieving safe cultivation with the lowest
restoration cost.

Key words; cadmium( Cd ) contamination; lime sepiolite; crop rotation; passivation
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Fig. 1 Changes in soil pH, organic matter, and CEC under
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different treatments in the maize season
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Fig. 3 Effects of different treatments in maize season on the occurrence form and available content of Cd in soil
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Table 3 Effect of different treatments on Cd content in different parts of maize

0(Cd)/mg-kg!

i i £ it ¥R RRAR
CK 2.59 £0.31a 1.43 £0. 18a 0.43 £0.05a 0.52 +£0.21a 0.231
LS1 0.77 £0. 13¢ 0.55+0.17b 0.23 +0. 13be 0.29 +0. 13ab 0. 086
LS2 1.30 £0. 37b 0.67 0. 14b 0.35 +0.02b 0.37 £0. 09ab 0.125
LS3 1.36 £0. 13b 0.75 +£0. 08b 0.36 +0. 03ab 0.41 £0. 10ab 0. 134
L4 1.26 £0.41b 0.56 +0. 15b 0.37 +0. 08ah 0.32 +0. 10ab 0.117
LS5 0.38 £0.09¢ 0.69 +0.20b 0.13 +£0. 06¢ 0.17 £0.05b 0. 064

1) Bl A - ME « hRifE2E (n =3) ;

ANE/NG FRFOR A BRR 22 7 B3 (P <0.05) , A
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Table 4  Effects of different treatments on Cd content in different parts of forage
AT R
Ab3 R A L L Y R A L o S R
e e CEES e e CEES
/mg-kg /mg-kg /mg-kg /mg-kg

CK 1.95 +0. 08a 1.44 +0.23a 0.16 5.37 +1.03a 1. 14 0. 26a 0.31
LS1 1.34 +0.24b 0.31 +0.07¢ 0. 08 1.31 0. 16d 0.39 +0. 08d 0. 08
LS2 1.35 £0.25b 0.51 £0. 20¢c 0.09 2.52+0.72¢ 0.97 £0. 16ab 0.17
LS3 1. 11 £0.22b 1. 13 £0. 08b 0.11 4.22 +0.64b 0. 82 £0. 15ab 0.24
L4 1.27 £0. 16b 0.94 +0.09b 0. 10 3.69 0. 49bc 0.73 0. 18b 0.21
LS5 0.61 +0.24c 0.49 +0. 18¢ 0. 05 2.66 +0.47c 0.63 +0. 18¢c 0.16

PARRACRC AT AE LS1 b3 B k. ZE T A B
L LS3 AbFH T B 28 A6 A b 138 Cd & &= AR,
EEREOLE L3 W N Eok, K EHE M BE
LI A FR AT A U T R AL B AT RE R AR X
M TEY T S &4 Cd.
2.4 LZERHT

FAR AR P A FRifE (GB 13078-2017) , & # 41

x5 LMEYRITMLIERIR

M FE I 45 A A3 50 1 0K 45 98 b S R AT 4
K5 A RN AR 400 TT -t I A M
HH% 800 TG -t T, P AR EE T R
TEEE pH N7 ~8W BEBREEH pH N 6 ~
7R RAEA (D) B AR A o F o H. 4
BAR) AR (2)BF 6 M REOTHE, 5
/N U8 B P R R G X, o B KA D 4K

Table 5 Treatment effect assessment index gra({ing l . -_J- -
5iH 17 B —i | we o f oy
EARE 6.5~7.0 7.0~7.5 7.5 +8/0 8.0 0.8438 47 0.061 7
+4¢ pH i E AR 7.0£8.0 8.0 ~8.5 8.5~9.0 7 >9.0 0.8326 . 0.0737
MEHIX 6.0~7.0 7.0 ~8.0 8.0~9.00 4 >9.0 0.7225%" 1041097
R L oty g L 337 0.33~0.66  0.6670.99 | 5099 0.1667- __0.3295
o od EAET S KRR TV J - il
gk e gt 8 | /0-0.33 7 0.33-0.66 066 46,90 50.99 0.1667 . 0.3295
- T omaem ) f0~0.83)  0133-0.66  0.66%0.99 >0.99 0.1667 08295
{ i/ i % FokE Fof1. 4 A.5%3.0 3.0~4.5" >4.5 0.1667 0.3295
iﬁfﬂf VA %E [FEEEEIK "ol s |~ 1530 3.0 ~4.5 >4.5 0.1667  0.3295
T LIP3 17 0~1.505 1.5~3.0 3.0 ~4.5 >4.5 0.166 7 0.3295
1’5%&«5LE’1&F% . P N >40 40 ~25 25 ~10 <10 0.125 0.1812
b2 EYIACK >10 10 ~6 6~3 <3 0.15 0.2307
RAER >15 15 ~ 10 10 ~5 <5 0.166 7 0.3295
1BE 25R)8A x 15/76 - hm 2 0 ~1 000 1000 ~2000 2000 ~3 000 >3 000 0.166 7 0.3295
x6 ZETMIBRELITERE
Table 6 Calculated value of comprehensive evaluation index function
WiH LS1 LS2 LS3 Ls4 LS5
TokZE 0.2117 0.256 3 0.2412 0.3820 0.5225
+ 4 pH {4 KA TE X 0.0937 0.1196 0.0111 0.0005 0.5543
BERX 0.3517 0.7367 0.7321 0.6239 0. 886 4
E 0.4176 0.6155 0.7272 0.4351 0.644 7
VEMIAL AR P Tk it 0.008 9 0.0977 0.109 7 0.1223 0.0015
oy Cd Fr E2 0.0400 0.1223 0.1783 0.065 1 0.000 1
/mg-kg ™! EViASE 0.056 1 0.346 9 1.1412 0.946 2 0.3114
SR U 1 0.149 1 0.9775 0.8136 0.7007 0.5529
o o ok 0.630 4 0.4483 0.2933 0.1806 0.136 0
ig%fgﬂ'j”:‘ Cd i BB RS IK 0.3475 0.463 5 0.4407 0.167 4 0.005 1
e RERX 0.056 3 0.3164 0.390 4 0.3125 0. 004 2
. Tk 0.1480 0.1532 0.140 8 0.2309 0.286 8
1’5%/&@}% %,Kfaﬁ EYIASK 0.2562 0.648 0 0.5364 0.8172 0.4503
o B 0.1916 0.1440 0.174 1 0.105 4 0.2153
BRI WA x 15/76-hm 2 0.009 8 0.029 6 0.062 3 0.108 1 0.165 4
FOR-LEE TR AR T4 (X)) 2.2199 3.3009 3.8822 3.4554 3.078 1
FOR-BE R0 (X,) 2.2151 3.8975 3.8630 3.2666 3.4158
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