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Remediation of Cd—contaminated cropland soil in northen China via the amendment of modified biofuel ash
SONG Le', HAN Zhan—tao", LU Xiao-1i', ZHANG Wei', LI Xiong—guang"?, WANG Lei '

(1.Hebei and China Geological Survey Key Laboratory of Groundwater Remediation, Institute of Hydrogeology and Environmental Geology,
Chinese Academy of Geological Sciences, Shijiazhuang 050061, China; 2.Hebei Geology University , Shijiazhuang 050031, China)
Abstract: To provide an excellent way for the remediation of Cd-contaminated cropland in northen China, the bottom ash of the biomass
power plant in northen China was selected to produce a heavy metal deactivator (HMD ). Isothermal adsorption experiments, pot experi-
ments, and in situ experiments were conducted. The maximum adsorption capacity for Cd was over 10 mg+¢™" and was much higher than that
of coal fly ash; the contribution rate of precipitation to total adsorption was less than 30% when the pH of adsorption equilibrium solution
was neutral. According to the results of the pot experiments, with the amendment of 3% W/W HMD to soil, the Cd in rice decreased over
80%, and with the amendment of 2% W/W HMD, the Cd in cabbage leaves decreased over 90%. The in situ experiments showed that, with
the amendment of 1% W/W HMD, the Cd and Pb in corn root decreased by 53.5% and 64.4%, respectively, and production increased by
20.5%; whereas with the amendment of 2% W/W HMD, the Cd in wheat seed decreased by 33% and production increased by 72.5%. The
main chemical composition of HMD made by the bottom ash of the biomass power plant in northen China is silicon, potassium, and calcium,
and the risk from its heavy metal content is very low.
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REAH Cdig Y™ E, 27 17 1& &1 #,
20144F 4 1, J5 [ 4 R U RN i PR B LR 4P I AT
T4 E 85 YR GUIR A, AR R FE R A
B 8 R I ALIS Ye Wy b, Cd B A5 A M bR 2O A
7.0%%, Hp R ARV BRI R — 2 TR
A AEE R T L X, VL7 34 K AR H Cd
AR, T R XA R R E KR 3 X, K
FEXT Cd 1 & 22 BB ) ik, iX (A5 1R b X A= 7™ i1/
Z KR Cd BbrmAREE A foK B C 45 & T
PR B 2R TR 2 [ R

W)L T K (Biofuel Ash, BFA) J& A9 e )
R AR W T R L T AR K . R TRRAE S K
HAURJEN AT FAERRIE A AT MR R. 0
o5 A R AT P AR g IR PR A kR Rl st B iff 3
2020 4E A= W) 5 % HL 2 L 3000 kW B9 K H bR . Bl
HIRE A TR R IGE B AR R BFA
ELAAER AR 1 2 7 T AL T R A5 b R AR BRA B 4b
RSO, R B F R W AR TEME , K27 5t
Ghia , BAT/DRORAE s J R B s vl

FIAFSE KB, BFA BT LUFAE 390k | 57 i 4
JEEIALFR . Nurmesniemi GO F 5% 2 B 7E 9% 224, A=
W R B UE 52 AT DL HIAE AR ARIE AL 5 Saleque 8115 HY
AW SR ANMB AT LASE s VR 97 i AR THEY) A L i
AT LAY AR AR )it FH o 5 B 55 SEI2ORAE T Z b 21
B USINBFA SR 5, AU T -8 pH, H 1852
etk K Ca Mg 75 55 10 & 5500 5 Wk e S50 o + 55/
ARG, BFA 5 R A R, B K
P, 48 USSR A A i 2, 3 pH
BT, BT b RS B i - i R AR, HLRg
P+ -HY) R G B SR T R AL R AT S
WA . 7E 8 A Jm Bl AL R O 1) A BIF R 3 AH G
B MR R FEEREEN . HEFISHLTT
BFA Xt Cu (425 750 FHR S8, 45 5 % B BFA X Cu AR
BRI R, LR SRR A P i R 4 W A
BETH IS BFSE R , BEA X Cu . Cd B W2 5 0 5k
F R A, X Cd W e R B K 11.491 mg- 7', HY
FS A L], AR ORI Z AL B X Cu,
Cd B W AR A AS [ A 5 B B AR 5 7 Rk 75 e 21 3
UNIIN— 78 1 BFA, RRC AT Hu A i 11 3% Cd i I i
B 5 1 o Y pH A, BRI 3 cd B
BRI,

AR T AR o RS HED FE ER
WAL 3R b AR R T 2 R EEAR,

SR A R K 7y R R B XK i
R B 5, X LA o Oy A Sk gk [ s A
WISk LT BB Ry JEURL , 22 B o 1 ) il G e
A5, ke FE AL T T R TS G L T R TRk iB R
5T, N E L7 B w5 ek F i B 5 S i —
MHT B BEAAE SRR R 05 o SCHP i e x4 0 Bl
PR B AR B AT 1 SRAE , I SRR R AE
KRS Cd IR BERERERT T3 F o BE I XS 3 [ L
TEGE TR L TR T R A R
EEVAEY

1 MBREFE

1.1 EE##

BFA JFURER A WA S AE Mk fa ), A il IS
TR (Se) AR (Sx) Pl 38 1ok AF 85 AN HL A ) BE Ak 27
TG AL NG Se il 5 4 Jm Bl AL R (SeM) |, Sx B 42
FH 5 B K (C) 3 2 BRBE B OKAS FF il &, KRS FFHL
H A ZE AR XA B 5 B KR H A SR PO AR
T R IR 57 o3 MUK (Fe) R IK (Fx) 3 28628 4
AR B A FIE TR ATE Yk 1, a9 kK
i, 00— AR R T A R A m s e e 1 it
A R /N R 5 KRR T A 5 g Bl A e Al A B 2
A A PRI B 32197, /NI 32 FP 1 R A0 50 SR 3 2% A
PNV B A BR A R A = AR
1.2 iR HE
1.2.1 25 IR B

(1) Cd fifi 75 W P BL ] - FREL 210.31 mg Cd(NO,),,
HIAE] 1000 mL 2 277K 5P 2 4 8B A, e il
A Cd ¥ BE A 100 mg - L7 VI, FELAC Ca(NO,), it
il 7%, Ca ¥ B 24 5 mmol - L Y CABE A5

(2) 5 il £ 19 4 Rt 4k 571 18 100 H i (FL42 0.15
mm) , F 25 B TR UE S i, B2 205 1 R
SFAM/NF BT 4 pSeem™ . BHIE VRIS 8L )
FEVR VR T B ML R T8 B A B BB b % 548 .

() FREL_E— il & 9 EE AL 100 mg F 50 mL 5
DA 2 BN AAS TR H 1 9 Cd i 45, R IAS
mmol + L' Ca(NO,), I ¥ & 40 mL, 15 Cd & W) Ih
W43 0.5.10.20 .40 mg- L', £ 25 CHH R
i 6 160 r- min” #% % 20 h, SR J5 LA 4000 1+ min~' Y
HEE 5.0 10 min, P B A 45 B 1 R A
ICP-OES(iCAP6300) M I3 H Cd ¥k B , - FH pH 3T
N VAT W pHL

()T EEAL T Cd BY~F A B Q. (mg-g7')
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YRIEIRCX iy F37E5TH

2 TR N S A M /A W B

Q.=V(py—p.)/m
KA VR BREREL, Lym MBI, g5 Fllp, N
W S5 T 1B BAEF- )5 Cd AR B, mg - L1
1.2.2 pH XS SeM W B Cd #4520 1855

YR PR ELE 100 B 6 38 Ve 19 SeM 100 mg T
50 mL 2.0 H, 4350 LL S mmol - 17! Ca(NO,), K
A Cd ¥ 40 mg- L' A 40 mL, 15 I
WA pH 9 4.5.6.7.8.9.10, 7 pH FHHEJE N 1 mol -
L' HCUFN NaOH %R 1Y, 3 BN 2Eml . 7E25 °C
FIE IR 2 P, 160 remin™ 2514 F K 4R 48 h, 9%
Jii LA 4000 r-min™" B3 BE 250 10 min, FH ICP-0ES
W _E 35 Cd Ak B2, - FH pH 31 5 P %5 9 pHL
(IS X6 A pH{BL VAT, I 7825 IR R R
1.2.3 ZAkitsm

P A FRERBIX ARG Je e BER AR ) 3T,
W P B AR AR I RO 2 Jo itk - S Ak v o DL
1 R E 4R S R EER . SRS ) g rh
HIAHEE A 100 mg+ L™ (1) Cd il £ T A& B0 25 88 1
RIS, BRI AT 8 Cd W BE R 10 mg- kg™, FH 28
R 55 FRAE 15 do UM RIEAS A 462, B im AT
FEHRS kg I RIGH HIETHEM 1%.3% 5% N
ABALEH], 5 R IR G, 2 BRI A S Ak

FIRI K REARE S 4 5 SK FTS1.82.83, FaE 10 d 5 #
25 B AL B KRS R TR A0 TR AN Cd FEE AR i
TR ER RS LA A BB A G, A
FETH 3K

5 DT e 48 5 4 S 5 ek B R AR B X,
FBRAE P % A TN IR 24 0 o A A 3 1 B Ak 1
W22, EEEEE P L3, ik -3 cd & &=
FbR, FL5 B AR A FH A T 58 3 75 8 2 o HL ks 70%
DL b UM R BRAS (A2 A A T8 5 kg 1Y 1
HE SR 5 e T B0 2% 5% I A BlAR ), 5 A4
T BEHR A, 25 EIREFIABE A B /0N F 32 b 4
SN BKFIBI B2, Fa7E 10 d e & #5403 /N
AT EEREM T A AT R AR RS
B AR R/ INFIHR S5 0 (B0 1, 40 1 3 bk

SR 5 W AR AV S IR ) S A5 A (680L, T
FEAR LI A BRAA /), 130 Al TR A K 2R
BE 2k IR 20~30 °CL 1R 60% A 47, G HE 14 h,
10 h, DAULAE IR . A0 se e b, 25 B ok ik
FHHEE , FREAE AURRB K 125 8, b7 1E Cd BEVE W K
He o /NAISEAE K 45 d RBEAR K 120 dJE IR
1.2.4 JFNEE IR

FE /N 32 7 A% 56 B A B T R 2 5 4 s s
P IR A A AE IR . DL SeM AL, 4k

F 1 AREDX ML T HEBEL SR

Table 1 Physicochemical properties of soil taken from Shijiazhuang Suburb

AL/ PHES ¥ it/ DA L PR TR B i/ Cd/ Ph/ As/
g-kg™! emol -kg™! mg-kg™! mg-kg™! mg-kg pH mg-kg™! mg-kg"  mg-kg
14.7 12.5 56.27 18.9 81.9 72 0.2 22,6 10.77
F2 AEEH T IEBL R
Table 2 Physicochemical properties of soil taken from Henan Province
HHLT/% B F2 4t /emol kg™ BA LA ) /mg - kg™ S (LA ) /mg - kg™ pH  Cd/mg-kg" Pb/mg-kg"  As/mg-kg
1.3 16.4 769 566 6.67 2.6 206 26
3 THERRKTESEEEESHN
Table 3 Heavy metal speciational analysis of soil taken from Henan Province
s Cd Pb As
mg - kg % mg - kg™ % mg - kg %
AR 0.99 70.7 0.17 0.2 — —
MR 5 25 0.15 10.7 3.89 5.3 — —
B AL S 52 0.14 10 38.2 52.3 0.49 4.6
AHURE 0.12 8.6 4.23 5.8 — —
BRIt — — 26.5 36.3 10.2 95.4
Pl 1.4 100 72.99 100 10.69 100
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XM= 1 M-1 M-11 34X, Sl fb 045 ke 5] 2
BN 1% 2% 5% , % BRIX N CKo A3 /NX K 5 m,
FE 2 m, AU 10 m?, 8/ X & [R]— K H [R]AH 4 e
25 =07 WS- & HEA T4 — L i5 YR DL R AR —
. BRI E K 0 dJF R, B KIS IS Ak s Fl
FE/INAZ 165 dJE WAk o A0 BIG E K FI/INGZ 1 7 f I B
& )& G i T

1.2.5 AHYIFE 5L 53 Hr

FH ERIK FE A1 VEARAEY AR 25 i KSR TR
T, LLABRBM AR S B AN, KR
FHZ B oK by JE 40 T 7105 CHMATFARE 10
min, SRJGTE 70 C TR 246 i . FRE R RE 5 8
i, A HNO; (PL g4l ) F1 H,0,(30% ) , R0 T
Y (Mars, 3£ [ CEM) 75 f## , J5t ¥ W U 49 o % B
(AAS-100) & Cd 7 2

iz F Microsoft Excel 2007 F1 IBM SPSS Statis-
ties 19 B XM HEA T e 1t 434, 948 F e/
FEbE 22 5 (LSD ik ) b A7 22 5 B - PEAG 56
1.2.6 ik 750 B Ak 5 g )

FI T X S 2 9¢ 6563 43 Hr A (XRF, fif 22 PANa-
lytical , Axios )l & #5 Bl {677 (1 7T 2 41 AL ; BCR 3£ 2242
Bx Ak ) o 4 T R R AR SR T i 24
B 5 X 8 £k A7 55 A% (XRD , £ [# Bruker, AXS 23 ] ,
D8ADVANCE ) Il 5 i Ak 7] (4 47 9 20 o8, 5 9 o e i A
(Malvern MasterSizer 2000 ) 1 328 55 46 751 (9 67 35 5 bbb 3%
T AL (NOVA4000e ) I 7 i A0 551 149 Lo e TR AR 5 491 4
4% (Phenom Pro ) W 4 Ak 551 i) 2R THITE 25

2 GRS

2.1 BHUFIMTEAR

oI 25 5 W3¢ 4, &4tk ) 22 Si L ALLMg. Ca.
K.Fe 50 R A M. A 4l Ak 500 b 3 o e s 1 AR 2
Si0,, C YR S MgO H1 Ca0, P05 K,0 & -t AH XS 45
o, HoAth oo R & s AR > . Sx Al SeM H CaO \ MgO
P,05 K,0 S it ¥ T C, X B0 FAE R P 1) 75 1
WEEAG . AH S, Sx Al SeM H 1) ALO,  Fe,O5 75 48 i
B R T AR R (RS R TR K, HAth
JLER N /D X 5 Apak SEUSIFT Odlare S50 BfF
FELE IR —F, XS F MBI, Sx Al SeM ) Ca AT K &7
TR BT TR O R T R R R R R
&E . T KA AR R 8k XTI L
SRR R B T M2 H ) AL Fe 575 T E , C
FIBFA FICE & it 5 HAMRRR IR 2 UIAH G, BFA H £

x4 BHUANTREE (D)

Table 4 Element content of heavy metal deactivators(HMDs) (%)

JLH C SeM Sx Fe Fx
Na,0 0.000 1.194 1.409 0.156 0.200
MgO 22.873 3.856 2.842 0.424 0.393
ALO, 1.548 12.670 10.156 28562  29.659
Sio, 27.921 47.261 57.857 52064  49.189
P,0; 13.719 1.067 0.491 0.262 0.620
S0, 0.289 1.411 0.257 0.583 0.775
K,0 10.930 4.196 4.823 1.195 1.272
Ca0 21.763 19.189 10.772 3.659 4.333
TiO, 0.000 0.950 1.018 2.086 2.530
MnO 0.077 0.101 0.145 0.083 0.083
Fe,0, 0.337 7.487 9.393 10.107 9.370

T A= 1 BB A BRI B, 117 C R FOKAE FHIRBE T 1
22 SHUFITEESEMNELRERN

— BN Ry, K A A A A R Tk
YEVIR o TR 5 540 E T LA M A PR R o 8%
G TRl S A X - b Cd 1 bR B
BEEALR AR A LR S, S TR A S A R
B,

B Cd A, #5505 B 4 I Ak 25 L i B B T
HA LR, UL BB AR I o 25 Sl B s v o %
T 5 WO ) FH 1) 55 R 4 BB 1 4 X % 4L X Cd
JLE, C<SeM<Sx<Fe<Fx; X T Cr L & , C<Fe<SeM<Sx
<Fx; % T Pb.Zn JG & , C<Fe<Fx<ScM<Sx; Xf T Cu JG
F, ScM<Fe<Sx<Fx<C; X} TA[FICER , BFA . C K E K
3FPIA AL AR P T RS & A TSR B —
SR A R E AR AL 53 (1 S 4 R o i e i T
FHAH 3o H ErEl AR v 0 35 4 1 1 i JChR i, T AR
P A A7 b A o A LI R (NY 525—2012) Al
- 398 R B AR U (GB 15618—1995) Hhfit) — 2% 1- 4%
FRuExt el AR ) 4 R S A TR . Hop Cd
Pb FAT HUIE AR HE SE AT AN, A WL FR o A B
(1 Cu Fl Zn I - HERRSE i AR HEEA TIT M. AR
500 BB Cd Bt A HUIEARTE (3 mg-kg™) ,C

RS BREUFTEEEREEE(ng-kg)
Table 5 The heavy metal total content of HMDs(mg-kg™")

BiAEFIZEN]  Cd Ph In Cu Cr
SeM 0.59 28.16 232.06 25.85 57.60
Sx 1.14 70.22 369.80 25.43 67.88
C 0.10 25.27 796.70  197.26 28.24
Fe 3.58 32.10 53.70 30.60 25.00
Fx 5.19 78.30 128.00 49.90 43.10
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Figure 1 The heavy metal content of different speciation of HMDs

S Zn Cu B 5 S 98 P o e — bR 1fE (250 mg -
kg™ A1 100 mg-kg™) , Sx [ Pb & & i T4 HLIE KR 1fE
(50 mg-kg™), HA SeM H i A 1Y 8 43 J@ 75 B i e A
PURE AR v A+ EPREE IR B — GbrvfE . X 1 B o T il
FHIBEALT ScM EL HoAt 3 Rk R} B A i 28 4
2.3 FELFIMT WA

P P2 AT D0, Sx &5 AR LA 3k 3 45 AU I
28N T A5 Y SeM, H F 20 YL A g, (H 45
FERLE/NTF Sxo CITEH B PIRA ARG , 220 JC 8 7Y
Ao XEWM TAY BBy iR be i B i = T I
TR AR ) T A BRE IR BEA 78 = TR e ad i
KA T WERRES & o B e TR AR HOoT R A

AL LA Si0, il ALO, o = (R 4) , 45 AL A &k
I A5 RO
2.4 SEUFORE 5L RER

H % 6 1] LLE H, SeM (30042 8 99.32 pum,
e BE A [ 3R AORAR 3 2, i TR - B A kAR
L X R PR 23 B T 2 it A 3T S |
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FERE, T SeM [ F 2 T BVRIFL 2R T €, X $2 C Al
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Figure 2 XRD spectrum of HMDs

RO BEEUF MK ELLRER
Table 6 The particle size and specific surface area of HMDs

BiALAIZE RS /um R /m? - gt fLEem® - ¢! FLAR/m

C - 44.171 0.105 3.825
Fe 79.25 0.618 0.002 5.523
Fx 25.94 1.595 0.003 3.362
Sx 123.09 0.743 0.005 3.373
Sc 152.36 4.754 0.009 6.325
ScM 99.32 6.925 0.011 4.116

K Se J&—Fh g Z AL AL . I 3 (b) AT L, 28
A ORI T B B AR R SeM L, Rz A% BH I 45 /0, 7E A IR 1
RAEZET W mR/INFLTH 2%, X D0 W] 4 P 5 A 2
T IRAT B EE Rl ILORL AR 2, S B R AR ) 34.8%,
FLAR AR 1 45.7%
2.6 Fim Rk MHALE

AW [ 3 06 Langmuir 1 Freundlich ==y
W B A Al A T 43 B T TE S N He W A ) B
W R, T A
bQ.,.C.
1+5C,

Langmuir 7 #2:Q, = (1)

(a)Sc (b)SeM

3 Sc#lScM M R E
Figure 3 SEM image of Sc and ScM

Freundlich 7% : Q =K, C} (2)
Ao C BTk P A I v P Cd B BE , mg - L'
Qu M E R I, mg- o5 b(Lemg™) JE R AR 5
I B0 5 22 ) 2 T R 20, b R OA , 8 B MR B 3 g
Ko KJ& Freundlich W fff 5 2 28 (mg' - g7 - 1Y) , 5
SEAN T3 R 255G 5% 5 N J& Freundlich $8 4, 55 W B
TR = B0 ot 2z [ R S A 0 G

AR TR T Cd 114 %5 IR W BT il 2 00 1] 4, Lang-
muir il Freundlich /7 4L G2 &9 45 R LK 7. H
P 4 F03 7 AT L, e R MR T A5 31 55 4K U C>BFA
SKYREIK o B Sc 9 bAE/INT RSN, BT, W bt
SRR N B SR U C>BRAS KM IR . 341, 4
IR, SeM HE Se (9 B 25 R 3 1 54.9 47, Bt
KW 42 5 T 15.9%. XF W ih Ze i 400 & 45 2R 5%
i, Langmuir # Freundlich i RRER B LA T 45
A7) B4 S5 T B HE 2%, P Freundlich 28 20480 G801
F§4F T Langmuir 220, Langmuir Jy 72 275 M b} 5t 55
F DAER 3 22 W B 7E W B 50 18T, Freundlich J5 ##3%
IRHRTRAR S BN 2 2. X — -S4 R UL,
Bk 2 - A4 R BE A1 , 38 P REAFAEZ6 G 0 VE S5 F At I
B
2.7 BHELFIXT Cd B R BH R X b

MR8 AT LIE i, e et i T i Ak 1) SeM X}
Co FR VR B CR B B 8 85 T Se Ah, 38 T Fe Fx DA%
SCHR A S 1 22 o 4 T B Ak 5
2.8 pH{EXT ScM IRt Cd B9 220

Hi B 5 AT UL, 7E Cd W BR YR B2 R 40 mg - L B 55
LB pH TR, SeM X C 1AW B 328 4 46, 4HL
Koy B a2 . UUIE R R AR MG K (R =
0.986) , 7 ek W FfF £ 19 b Bt o BOK | 4% ) SEITE

18
16

— Langmuir
=== Freundlich

A B e /mg - o'
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RS g1
4 Langmuir #1 Freundlich 31 & 258 IR B #h &
Figure 4 The isothermal adsorption curves fitted by Langmuir and

Freundlich equations
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%7 Langmuir # Freundlich 3 & %2 R M 2]
Table 7 The isothermal adsorption parameters fitted by Langmuir and Freundlich equations
Langmuir Freundlich
2l , "
Q,/mg - g b/L + mg™! R K/mg'™ « g« L7 N R
Se 9.75+1.17 0.82+0.37 0.94 4.36+0.62 0.27+0.06 0.94
Sx 14.79+1.05 6.80+1.59 0.99 9.43+0.59 0.24+0.03 0.93
C 24.15+3.85 145.03+56.95 0.85 109.94+45.49 0.45+0.09 0.84
Fe 7.27+0.86 1.56+0.79 0.98 3.79+0.62 0.23+0.07 0.97
Fx 6.09+0.82 1.63+1.18 0.91 2.97+0.61 0.26+0.08 0.96
ScM 11.30+0.81 45.00+19.59 0.88 9.40+0.63 0.14+0.03 0.94

R 8 FHALTIOR M Cd R xT bk
Table 8 Adsorption effect comparison of HMDs to Cd

Bl pH W28 e mg - ! 5| 3k
C 11.1 20.3~28 AT
Fx 8.4 5.27~6.91 A5
Fe 8.3 6.41~8.13 AR5
Sx 9.7 13.74~15.84 AR5
Sc 7.8 8.58~10.92 AR5
SeM 8.95 10.5~12.1 A5
EJUE 7 6+ [15]
Ji i 1 7 6.5+ [15]
W) AR R 7 8 [15]
FEAAA 4.8+0.1 2.78~3.17 [20]
FEAMR Hz 5.30.1 8.55~10.26 [20]
FIBEIR 6 5.18 [21]
LR - 2+ [22]
LV N/ N 7 [22]
AR - 3+ [22]
5 - 6 [22]
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Figure 5 The influence of pH on ScM adsorb Cd
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Figure 6 The contrast of Cd absorbed by rice in pot experiment
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Figure 7 The contrast of Cd absorbed by cabbage in pot experiment
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Figure 8 The speciation variation of Cd in soil two weeks after

ScM amendment

T 8 4 Ja HAT BT i W B R T, DR, SeM g4k 7
(I AAE 398 75 4 R (IR R £h 45 A A MR AL Ak W
ARG RUBIE . A EE ST & T L
— RN, R SeM A HLAR /D o FRAT T4 2
H T SeM g ts Z 4L, H R AR K, i3k 6 L 3
NG R -3 5 LR T R R A HL, T
Sl R 86 ) A AL PR 7 55 AR B P Z2 L1 SeM 2R T
X 4w W R RE T HE R ARRS A BT & . gk
AR/ N T SeM R RE AR E AL K 2 5L
RS, UnIE 2 B, B 4 J M DA A H: s P

FH DTPA J7 3 % = K WOIR B R4 114 - HEAE i ik
TESFEARSGEMRK. WE9 PR, i ScM Ik
I g, A RS E S BT R H
o, Zn IR 21.5% , Cu F2I MK 16.1% , Cd F- 34 %
i 29.3%, Pb V- 2 P& 14.6%, Ni Fl As 2 P& 100%
(439 1 0.5 mg - kg™ F10.3 mg - kg™ FEAR 246 H BR LA
T

PABEALRAE 20 4> K HR 1)  2UAR FZ e B i) &
K, QP 10 FT 7, IR IR 79 SeM A5 BH St () 334 7
R R E K 15.4%~33.3% . T kAR H Cd Al Ph FEAIG
B 5, Cd [R5 39.6%~63.3% , Hid , M~ T Btk X i
Cd P& IR 5k 35 3 T 53.5%, M- 11 #i4k X (19 Cd [ i 35
63.3%, 11 M- Il i £ DX o i sz i i 2L, 3 156 BH 4% ek
Z AL R AR T35 i B fbgoR &
Bt 5 5 KAR H G Ph R 2 PR R B it 3, B i s
$)47.19%~64.4% ., FKZEFH CAdEA PR, S bl
BEAL A I 3, SRS, Ph A T REAIR , (L R%
Wi 2T 8%~32%. F AN H Y Cd A1 Ph B BA BRI,
J52 T B A B AR S o A 8 n SR R . EOR
H ) Cd AP AS: B 7E 0.1 mg-kg ' ARG HFRLATR .

100 - —
[7Zn
o Sof \ Ocu
= N\ B
3 60 N\ -
Qg § RINi
¥ EHAs
& 4of
= 7 Ng o
NIl A
/) /AN,
o L] [
0
M- 1 M-I M-I

B9 FERUIRM TIEE S BRRSMHERLILA]
Figure 9 Decrease of crop available heavy metal speciation in the

soil amended with different amount of ScM when the harvest of corn
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Figure 10 The variation of yield and heavy metal content of corn
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Figure 11 The variation of yield and heavy metal content of wheat
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