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PATT 114 Eh5e B 2 By I PO 3 09 5 (8 L O BIF T 0 2 B A TR B i 2 B EE (Si1: 0.5 0%, Si2:

LOYO) FI#E® #3 (P1:0.2%6,P2:0.4%,P3: 1.0% ) & ECi i3 +- 3 vp 55 3% 90 d, AF 58 Bk 5 55 1 )5 4 )& Cd .Cu.
Pb . Zn B RS S22k, 31 XS PR 281 (risk assessment code, RAC) PEM TIEB SRR 458 B, &
REALFH(Si2: 1.0%0 ) HH b TR AL R (Si1:0.5%0 ) ik i PR E 4B A3 2k, o, Si2P3 4b 3% Cd .Cu . Pb . Zn 1)
Bl R T, 300 30.79% .27.27 % .27.13% .36.88 % ; Si2P1 Fil Si2P2 A Bl [A] e A 1 35 24 5+, 1iij Si2P1 4b B ]
DL E RN 4R IR R A RAC, WF5Y R, 52 BoBh Ak ) 32 2230 1o 42 2 1498 pH A1 EC 1, 338 O-Si-O . Si-
O-Si.H,PO, PO, 2B RE A 1 45 G- DTVE VE AR A0 25 42 JR F v 396 1 119 55 TR B IS T 38 SR I V9% 1k 1) T 44k
B GRIEREA . LA, Si2P1 A B el HE A AR, S A TR R U A R Y B R

KR RENL; BB RECEIL; HB R

HmESES X53; X173 XHEHRIREG A

K E A FE 2361 A B EEN3A7.72
¢ (https://www.mohurd. gov. cn/gongkai/ fdzdgknr/
sitb/tixx/) o HEULINE: , FRE RIS H = 5o
0.7~1.1kg/( A -d)" B3 AE =4k 340t ARG B
P f Cd.Cu P Zn S5 4 & , Bl 2 HE Ak B B = A
FR 5 T £ v SN R K BT5 e BRI,
7 SR DX 0 4 v 4 T R 0 R X1 B
WS BB TIA LR, BN RS
BE IF U PR AR S b ) -
4 Y By R R A DR ) (R —

Har, FHANIME R E 4R T5 Y i ik £ 2
Ak A . o i B
BAS RS B A T s e
JEASE A2 i A AR A TS Y = HE R s it Ak 5
U N Rk Y28 (B TR - S I W
W AT - 1 v o 4 8 A T RS RN A A R . AR
et R GERE FBE O R 6 5 4 JE A R B Ak
RO o TS INAMIR AR Y 398 Pt AR IR B % AR 2k
f£1F Si-O-Pb YLIE Y . PbySiO; 5k Pb,SiO, 25 ULTE , 1%
DUVE L 580 R B IR A T I8 A B AR . REAE B
b 6 AR BT AL RCRASBA i = s
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I 1 Rk A B AR AR Cd V5 G i) 458, B B A I R
YR 1% A 2% BE, % Cd AL 240 5k
F50% F170%S BEH R ELAT B 0 pH (E A M
-y, nl RO R A AU B A I R F AR
5% & B, 76 Pb Zn . Cu B A 15 Y -5 it s o 43
% HPO, #li 4k 14 Ji J5 , 7 4= PbFes (SO,) L (OH) 15
Pb;(PO,) ;(OH) AFLHE , i B 1K 1 8 5 4 Jm i 7%
SR AT RS L il 0.4%4 B R b B 4
HEE 4 @, A2 A Cd F P & 43 5 A 44.8 % F11
44.9% , BB Ry AR AR /0N it FH b A, A B AR
MO 1) Phig YL g I 0.2 % B 5 R 30 d
5, A Ph W3 T KR, R A AN Pb W Y
It T A s 4R Cd JPh & A5 Y
I, REAE RN 1 33 58 b Cd P i 2 &, LR & 1
Ho FH 2 (88 TS SR e 1

HY T b7 E I 4 R A e b A
EEBILAEREAEY. XN TEEI5 Y L5
&L Bl AR ME A BE 52N bR, ELAFATE
oV IE P S PR R KRS 45 T A o Nk, &
FH e B R 07X AR, 5 it
W™ #3 (25~50 g/kg) FIER it fE AL (50 g/kg) A L, i
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JIE R0 A fy 2 TC A - b R S A Cd BRI T
19.85%~21.31 %, i ke it T L2 i ) 5 ol A )
T AT AC 43S Ph E i BRI 48.76 V6, IRl AT Ac 4 S
Pb [f#k55 E AL 25 6 748 A VLS GRS

St + KBUETRE F M A D REX AR
XZ—, HAIRE &R edEE, 1%
LA K= S NI 2 o W ub 1 R = : 1
KT RO X+ E SR T5 Y B AT DL
— BRI, H R BT M, W i+
e 4w V5 Y B B R RS i B2 Ak ) 2 C 4
4 )8 B BEALUR B N FERLR A TR 9T . IR, A
T 5% 3 WU JE R A S B4k 0], AU 1 45 465 B
Tof BEL 8] B i L A7 1 55 6+ O B X R  , R E
JE(0.5% . 1.0%6, i 2 43 %50 M85 83 (0.2%6.0.4% .
1.0%, it 4340 Z R 4 & (Cd .Cu . Pb Zn) A 4K
MR sE g, DU Sk 3% [ 6] 5 457 3 L8R 37 75 e 4= 3 )
Ha B RIS RS %
1 MRS
1.1 ks

fi £ 18T 2021 4F 2 7 e[ vu )] Eh gt B R
1 5 b P B 7 (105°36 7 48.78"E, 31°25' 81.75"N) ,
AR AR 16.7 C A R it 863.1 mm, AR
TR0 Ay S A W 2 XU, B RE B S AP
VI S S 37 A 2 MR R 22 AR | SRR A 0 7 3
MR, 2 . HHESRIRBIRAE R, K
O3 MR B W O 28 A SR RN Bl 55, I ELAE B 3 g
B B I A A D A R R iR SR
FREMEEY) . 2021 4F 2 A , 76 17 W i 508 1 7
JRAEERERZ T (0~20 cm) , B BHAS B 77T

WIS E . R S K BR TR A SAa P % 1A, S A
43 it #L4%2 2.00.,0.85.0.15 mm i 45 FH

HE 439 pH ol 8.40, A ML % &4 71.13 g/kg,
AN 767.8 mg/kg, HALHE K 23.58 mg/kg, AL
By 239.5 mg/kg, Cd, Cu. Pb. Zn #Y & & 43 51 K
3.18.77.06.86.83.330.0 mg/kg, 7 13 Cd. Cu,
Pb . Zn i 435124 0.6 100,350,300 mg/kg., iz
THESE SRS LA TR %A (GB
15618—2018 ¢ FR L5 i i 4 H b - 456 5 e XURG: A5
FebrofE )l 4R CAlB b iE S5 L B, Zn i rF
FEBAR IS, HoAth o0 22 1 A7 8 2o A FH 4 3875 G KU
i

FE AT 2 DA AN 2 5340 B0 0 1 Sy e A D 2 7= i
AL IR R B BURIR , SI0, & 7 =>20% , CaO 7 &
9 23% W F R CAEYRH A RAE . Bk
F NS H Cas (PO, ;OH, W T+ F 1 2 85 Ak~ 1)
A BRA BB LA 0.15 mm 45 . EAR Y Cd
Cu.Pb.Zn &3 514 0.49.0.96.9.24 .5.33 mg/kg;
W Fy (9 Cd. Cu.Pb.Zn & & 4> 5}y 0.52.20.48 .
4.70.,16.70 mg/kg , ik AE A0 5 (1) T 4 J8 & R
AR I A FH - 475 Yl IRURG: i S 41
1.2 K@igit

BB REAR A N 0.5% 1% (208, R )
(14 24K B A A it ok 0.296,0.4%6 . 196 (5T i
YL, R IRD B 3AN Ko BEAR B R R BE, I LAAS
Jita A 700 g 3 kg o) R R 7 AN AR B A R
CK.SilP1.SilP2.SilP3.Si2P1.Si2P2.Si2P3., 1>
PRV 3AEE (R 1), BETFLE 0.85 mm i i £
FERE A SRLAR A 3R F ) A B AR TR 20 0 A
FHFR VRSN 25 3 1 /K (B 38 55 /K i PR 7 )4

x1 #UKEAE

Table 1 Passivation test scheme

AbFE Treatment I AL HE Experimental treatment JH#E Use level
CK AT INEEETR No passivation agent 100 g 4 100 g soil

Sip1 0.5% FENL+0.2 % B f5 99.3 g £+0.5 g iEAE+0.2 g B4

0.5% silicon fertilizer +0.2% phosphate rock 99.3 g soil+-0.5 g silicon fertilizer 4+-0.2 g phosphate rock
ip2 0.5% FENLA+0.4 % BH by 99.1 g £+0.5 g AL +0.4 g B8 H}

0.5% silicon fertilizer +-0.4% phosphate rock 99.1 g soil+0.5 g silicon fertilizer 40.4 g phosphate rock
SilP3 0.5% FENE+1.0% B f5 98.5 g £+0.5 g AL +1.0 g B H}
: 0.5% silicon fertilizer +1.0% phosphate rock 98.5 g soil+-0.5 g silicon fertilizer +1.0 g phosphate rock
Siop1 1.0% FEAR4-0.2 %% B0 A% 98.8 g £+1.0 g AL +0.2 g WD K
’ 1.0% silicon fertilizer +0.2% phosphate rock 98.8 g soil+1.0 g silicon fertilizer 0.2 g phosphate rock
Siopo 1.0% FENE+-0.4 % B8 ¥ 98.6 g ++1.0 g i +0.4 g Wi HH}
) 1.0% silicon fertilizer +0.4% phosphate rock 98.6 g soil+1.0 g silicon fertilizer +0.4 g phosphate rock
Siop3 1.0% FEAE+1.0% W67 #) 98.0 g+ 4-1.0 g kAL +1.0 g B 4}

1.0% silicon fertilizer +1.0% phosphate rock

98.0 g soil+-1.0 g silicon fertilizer 4+-1.0 g phosphate rock
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JKEIY 60% . 5535545 90 RHURE , T HERE S H AR
T BEAN 43 5t 0.85.0.15 mm FLAR G , I E T34 11 4%
Hgg .
1.3 MEFHE

+ 3 pH >R H ZZ MK B 2 (K £ it & e o
2.5:1),pHiH(FE-20, {5 2%, 1) W ; -4 3
(EC)SRHKF R 10: 1 (2B FK), B F 8L
(DDS-307, T # , ™ )W 5 38 LR FH 5 %
PR B 5 e - AN BT 5 - SR 2R R FH Bl 4
A b O B 2 R T 0.5 mol/L NaHCO, $2
W, B ik

AR ESBIRBCR N O/ =i LR
(DTPA) &4 ¥ (GB 23739—2009) , X DTPA-Cd .
DTPA-Cu.DTPA-Pb DTPA-Zn %/~ ; HIEE 4R
i 7 M 12 H 35 (toxicity characteristic leaching pro-
cedure,, TCLP ) J2& 3¢ [E IR il 22 19 5 45 Jg V5 YL v
05 ¥k, S i 4 JE 5 Y KRR I R 22—, LU
TCLP-Cd . TCLP-Cu.TCLP-Pb.TCLP-Zn %75 ; 4%
5.7 mL UKES RV T 280K, e 25 1 LOPRIE pH {H 7E
2.8840.05) 1 Ay $2 HUk , 412 HU 19 5 4 J ot dk vk
JE (mg/L) B TCLP 3& 4R BOAY IR e 80, 4 45
4 B T 2500 2R TR B BCR P A 5 7 2 Bk 19
RV AE A R ) 4 R A Y FH R R I R AN
SR 2, B 45 B A A (ICP-MS, %
FEMR, EEDME

Bl A AR R THE R R A L AR 4 21 A%
A 5 (FT-IR, VER-TEX70, f#[% ) , % H 1R AL 80
o BRI B (A3 B &) A A SRR R A i
TR 5 2 TG R J H TG B Sk €0 2 s v, 00 ) i
B R 450~4 000 em o &AL AT RHTH 20 RR
X SR ATEHERE 20T (Bruker DS, 8 H) , B4l 1k 41k
FRAE B B AT R, 48 Bruker D8 X B4 A7 4%
) S ¥R S, A TR M 40 KV, I M 40 mA L By R A
A4 A B Ry 5°~85", M E S 2 */min, {56l
JH Jade 6.0 B AFXF XRD i3 24 7400 1 43T o
14 TESEEFRITMREES

4 J XU PP A AR e T3 4 s B i, iR B
P F A2 T AR AE Py n] R PR SE o KUBS DA R 5K
(risk assessment code, RAC) &5 T H &)@ B & 0T
FEM A B —Fh IR0 7 ik M A R IS IR A
HKILZSZ A <1 B, R JET5 3% 5 B o BB TE 1~
10 52 8 y5 Yt 5 Ll AE 10~30 S B ¥ 4y 5 b il 7
30~50 A FEVG YL 5 ol =50 A BEIS Yy s T 4R/ T

PRI A5 15 A0 25 2 AR LU Ry, X #1058 i S8 3
FER . AIFSE R H BCR & SR8 0, DLSS IR 42 HiX
PO IIE] B A (B 9 L R L R ] 2

RAC KBS (KO R T 2R

K Cﬁfm‘it‘éﬂl,&i + Cﬂf@)ﬁ&:\

(D

a Csﬁfﬁi’lﬂlﬁ + (:”“i'gz?di + (:“I‘FWCZE + Cﬂ’)ﬁ%f
XD H, Cympns  Comms » Crrapess ~ C s A
BCR # £ $E U h S5 IR ER BUS & i W R A it
RS T RARES TR,
3 A 1B () R R 2

n:(l—(g)x 100% (2)
K2, Co Xt R L Eh 4 8 DTPA A3

i, C N BIE S IR Ja L T & )8 DTPA A 2L

B

&
B
& H Microsoft Excel 2016, SPSS 25.0. Origin
2021 FEAT B Ak B AR SCAE S A T 22 23 B A A R

At

2 FHRE5HMH

21 HUEFEIESERAVEHNEL

FH LT CK, R AT R 45 52 e Ah B34 47 35 R AR
T 8t DTPA-Cd & 5t (& 1A) , pl X i Ak 34 7
0.193 8 mg/kg N4 0.134 1~0.166 5 mg/kg. BE#E
RERE B S N A 30, Cd sl AR 38 m . Horpr,
Si2P3 Ab B AL RIOCR fe ol 1 2, AliA R 30.79 %,
HYKOE Si2P2 4 ¥, Blifk 38y 25.52 %6 it o &2 e i
R G, £ DTPA-Cu iy B (& 1B) ph X i 4b 2
[/ 15.36 mg/kg MK #] 11.17~13.13 mg/kg. A[FE &
HAREAL (WS R XS Cu B SRR JC .35 25 5+, Si2P3
AbFR A AR O 27.27 % it A T Ak 5 A A1
T DTPA-Pb 15 (8 1C) , Horb Si2P3 &b # iy 41k
RO B3 BRI B T 27.13%, Hik ol Si2P1
AbHH ) 18.38%0 o AN TR Ak B BRI T L DT-
PA-Zn & (K 1D) , st BEAL B9 50.82 mg/kg F&
63 32.08~45.92 mg/kg, HHr, Si2P3 4b BE A B AL 3%
Sl Ak %ol 36.88 %6, Bl REL IS in 2 i 3Gt
ZnBlifb R B
22 #HUEFVNIEESESHRUHENII

AN ) He A1) 52 A Bl 4= 4 TCLP-Cd 3 (3%
2) fy % HR 4b B (19 0.067 7 mg/kg K& AR F) 0.055 0~
0.066 7 mg/kg; Hir, Si2P1 kb B iy B A% 4 5 f by i
F L BEARIRE RS 18.76 Y0 . ¥igtn L4 Cu MR
o B BRI, B R A 3 0.3990~18.20% 5 Hiv
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ARG T B R Ab B A 22 53 553 (P<<0.05) , F[Al . Different lowercase letters indicate significant differences between treatments (P<<

0.05).The same as below.

Bl AELEEFIOJIGTEESEAUSEE
Fig.1 Contents of available heavy metals in soil after 90 days of cultivation with different treatments

x2 FREERAEEFIVIGIEESESHRHE
Table 2 Toxic leaching amount of heavy metals

in soil after 90 days of cultivation with

different compound treatments mg/kg
yLEL) Cd Cu Pb Zn
CK 0.067 7a 0.353 7b 0.230 0a 21.07a
SilP1 0.062 Oc 0.289 3d 0.217 7ab 19.76bcd
SilP2 0.066 7a 0.310 7¢ 0.171 3¢ 20.12abc
SilP3 0.063 3bc 0.352 3b 0.117 0d 20.89ab
Si2P1 0.055 0d 0.296 3d 0.065 Oe 18.72d
Siz2P2 0.064 Obc 0.388 Oa 0.063 7e 19.13cd
Si2P3 0.065 7ab 0.383 7a 0.215 3b 20.63ab

T AR NG FBER R b PR R] 25 57 1 3 (P<<0.05) . Note: Differ-
ent lowercase letters indicate significant differences between treat-
ments (P<<0.05).

Si2P1 Ab R TCLP-Cu & 5 B4 T 0.057 4 mg/kg.
XFF Pb, & B 4b 3 £ € TCLP-Pb % & B AIX
0.012 3~0.166 3 mg/kg; HHr, Si2P1 I Si2P2 4bH iy
FEARSCR ok 3 BRI R 702 DL b X T E 4
J& Zn, AN 6] S e A BRI A — 5 O RRATBCR, | AR 2
KNI R YR Si2P1>>Si2P2>>Si1P1>Si1P2=>
Si2P3>>SilP3.

FERE R ™ B % 25 42 J8 (0 S & M dE R
HH 2R B 25 43 B TR A R A S A RN 28 AR
N (8 3) , 45 5wl I A el Ak 3910 rp 1) ek S S 3 R g
T AFPEE S JE B A O SRR L TR TR R
Cd.Cu.Pb 3F0HE 4 J& A &M sk . B 4 B
XF Zn W18 B RCR I A AR (08 B BE AL )X Zn il
L H 3K 46.16 %0, AT fE S A & e 4l Ak 57 v i)
REAE & KA O-Si-0.,.CO% . Si-O-Si, 5 E4 8 &
A A RN A R TR R AL & W TUVE | 3 3 % Zn 1)
BE R
23 HUEFEIESEENEESIR

MR 4% Ab B DTPA \ TCLP A 302 & i1y 28
b, e H CK . Si2P1 F1 Si2P3 4b 3 iy + HE HE17 8 4>
BRI, S5 R K 2 s . 5533 90d )5 , Si2P1
H1Si2P3 &b 3 + 3 rh Cd 1 P8 v 3 o (55 R 2 i
B IREZS) B & b X BRI 17.76 % 4 5 F %
) 17.13% F117.21% , I 5% i 24 Cd 19 7 b 43 il
PR T 1.04% 171 % H X Cd W v] AL B A
BER . Si2P1 Al Si2P3 &b 3 f 1 49 v 55 R 45 B
A Cu f EEWA 48 = 5 X5 F Al S 25 Cu, Si2P1 b #f
G BR %) 12.40 % T R#EF) 10.76 %6, i Si2P3 Ak H |
Fm B 13.71% ;5 CKAH [L , Si2P1 4b 3 1y 4- 1
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Table 3 Effects of silicon fertilizer and phosphate rock powder on available state content and toxic
leaching amount of four heavy metals in soil
Wi H Ttem DTPA-Cd DTPA-Cu DTPA-Pb DTPA-Zn  TCLP-Cd TCLP-Cu TCLP-Pb TCLP-Zn
Eiﬁﬂ kKK * *k Kkk ET3 KKK kKK *%
Silicon fertilizer
%E*ﬁ skxok sk ns ns skkok sk skok *
Phosphate rock
{éEEX@;ﬁ}Lﬁ} ns K3k * EETY kxok kkok Kok ns

Silicon fertilizer X Phosphate rock

7E Note: *: P<C0.05,**; P<C0.01,***,; P<(0.001,ns: P=>0.05. F #[d] The same as below.

FIE N %

Proportion of each form

[ 99IRIL S Acid extractable state

2w iR 5 25 Reducible state
R I 44k 7 Oxidizable state
B % it5 7% Residual state

TR TR PR TR XY XY
KRR IR [ 125854 1R IRRA
(X (R X [RYA IR R
KR KA [RR BRI B R
KR35 1K 1R R [RRYY [RRA
KR KXY BRI RXRY KRR KRS
53254 1S4 [RR RS B [RRA
R R RO RS KR RS
1R XX IR RN IR [RIM
B0 KK BRI BRRIA BRRA RRAY KKA
RN RG] BRI RIS X 16
RN RN BXSA XA BRI 1654
R KRR KRHY RRRY KRR KRS
DOO] PO PO POOG PO POKA
13254 IR 1R R BRRAY (R
R KXY BRI KRR BRI
1R XX BRI R IR ]
(R (R RN [R3M [9X J
9 RRKY R RS KRR KRS
60 HRXH RRA R A [RXA J
KRR IR A 3585 (R d
R0 4 [RR4 BX IR
B 14 IR R [XRA
R KXY BRI KLY K
XXX XXX XXX N XX
RS RO S RN RS
RO KR RS N
KK KXY KR
4.0 XXX [BRXA [XRH
KK IR [
R (R4 YA
R KXY KX
RO RS9 KR
K3 X [RRM
KLY IR R
B XA R
KR RXXY RRXY
2() N RO ]
N
O\ \
%7%7>
ACAA
w4 / /
0 N4

§
%

N

WSS
N 58558

N

%,

N

Cu IH PEFARES 73 (AT A AS -+ 5 A ) /9 5 L T e
1.55% , 1M Si2P3 AL LAY FEAI 3.49 %0, 5 X HEAH L,
Si2P1 AL FEF Pb 9 55 R 42 S & 5t ih 0.764 2 mg/

N H i
kg T FE ] 0.250 4 mg/kg, HIZ A& 5 Hots 1 0.88%

TRER) 0.29% , I Ad - e rh Ph & M RARER 43 19 5
e 56.36 % T 3 58.32% . Si2P3 4 ¥R Zn i
T Mk A A o b B xR A 56.52% T B
54.62% , Si2P3 Ab HRAR I A5 1) 5 HUAR EL T X R 4R
76.18%.
24 $h{EEEFRITLIEpH XK EC IR

55 HEAH L, 4% Ak B Y £ 18 pH (] 3A) Y4 4

AR E AR A RS
Cd Cu Pb
AbPH Treatment

&

IN
5}
Zn

8y
9;3),)

Jin (SilP3 B 4b) , 38 0 i B 4 0.16~0.93, Hivr,
Si2P1 Ab F A4 + 38 pH 34 i fc K, i X BB AL BRI 7.72
T v 2 8.66, 1 Si1P3 AbHf (1Y + 3% pH F f& 5] 7.55.

E2 AEERLEEROIGTEESERESALE
Fig.2 Proportion of various forms of heavy

metals in soil after 90 days of cultivation

with different compound treatments

pH

A

f

a

AL Treatment
B3 fEiERENLTEpH(ARECB)
Fig. 3 Soil pH(A) and EC(B) after passivation culture

25 TEESETRNESRRITE
BUALHEFE NI F -4 & R P RS 4 FETSUE Ph Zn TS . BUALKHE 90 d JF LR

JIT7R o AR G Y M A P o L ) S e A

Jiti I 2 LA AR 2 f e T R S R (&1 3B)
Horr, Si2P3 b 3 A T R A8 A i 3, FR X R A B Y
4.88 uS/cm 25 # 13.89 pS/cm.

15} B a
—E
12} b c
£ d
5 e
» I f
3
) OF
m
3
(\ 1 1 1 1 1
& D D > >y
SSIL5S5
g & 9 9 g 9
ALFH Treatment

FESR R FE , SAL IR AT, Bl L h Cd . Cu i

4 Ja 1 AU BTt 22 500 T [, Si2P1 il Si2P3 b B
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Table 4 Risk assessment coefficients of soil

before and after passivation %

Ab P Treatment Cd Cu Pb Zn
Expﬁfifeimgj soil 20.77 18.90 85.09 76.92
Si2P1 17.13 11.87 41.68 57.66
Si2P3 17.21 15.36 48.09 54.62

fil Cd . Cu W AU DT 3 55050 531 % 3.64..3.56 H 47
RUR7.03.3.54 F 4 i K e Cd L Cu il h
JE 5 4 s P Zn 1 XURS P A 22 8040 00 B 43.41
37.00 T 4 A A1 19.26.22.30 [ 43 A, Pb oy & B Y5

Qe Zn W EETS G . Ho, 3 Ph i XU 5 %L
R e K
2.6 TERERMREITMNZ ERHEXEE
TIEDTPA RS E 4 JE 5 pH EC F AU I
W ZECHCHE TN R 5 i . AR E 48 DT-
PAJE A [A] 5 1 35 IEAHOCOC &, SR WAy 4 Fh i 4
JEIL[F R E A S E A, HEJE (CubRib) R
B PF A RS DTPA B RS & 8 2 W B G,
ECH 5 4 )& i DTPA $2 U & & 2 W% A0 ¢
KF . pH 548 XU PP F 8 3 A OG
Horp 5 Pb S0 25 7R 5G| 26 B - S e R o 4
J& T MR AR

RS BHRIVAELEZRERNEREBBXEDST

Table 5 Pearson correlation analysis of soil factors after 90 days of culture

JH Item DTPA-Cd DTPA-Cu DTPA-Pb DTPA-Zn  RAC-Cd  RAC-Cu  RAC-Pb  RAC-Zn pH EC
DTPA-Cd 1 0.895" 0.887" 0.971" 0.876" 0.465 0.922" 0.944" —0.629  —0.927"
DTPA-Cu 1 0.933" 0.949" 0.833" 0.356 0.842" 0.886™ —0472  —0.924"
DTPA-Pb 1 0.905" 0.866" 0.588 0.823" 0.948" —0.522  —0.919"
DTPA-Zn 1 0.849" 0.424 0.903" 0.937" —0.564  —0.944"
RAC-Cd 0.555 0.884" 0888  —0.718°  —0.770°
RAC-Cu 1 0.610 0.668° —0.739°  —0.370
RAC-Pb 1 0.933"  —0855"  —0.797"
RAC-Zn 1 —0.709°  —0.916"
pH 1 0.409
EC 1

3 'LTJ' Tt I R B, DA T AR 4 59 R 4R S T A

FEABEFE it 2 Bt e F e, b E 4R
DTPA A R & & Mt B A0 2 B BN
B, AR B S , 4 Cd .Cu . Pb . Zn 1Y
b 2R i v 43 9 AT 3k #) 30.79% . 27.27% . 27.13% .
46.16 %6, X2 Ryt A B Al Ak 70 5 25 Ak 3 pH
HE RS, PEPEEFRE TR, 5SESEE T
(1458 Pl 55 5 IR R AR IR S, H AR
OIS BRI TTE 55 T 4 R A A R
WEFE & B, RERE (0 A REA2 5022 + 3R B , IF FLRE
HREZ Y TR AN, 3 pH Bl Gk
NEFIBED K BB i (45 HHEEC B3R R, X
AREE th TRE AT A S E AR m N E T &
LN ECET S . R pHAE M SR T,
5| A - 9 % T R fr 0 AR A R A B 4

340 pHAEF ECE T , 12 i 5 4 8 2 1 W B 9
Bl A 20, LA b A0 0 O stk A R B IR A
RN AR T A A A A R L BeAh , R AR it
A TSR FERR AR B T A0+ T i 4 JE Cd L Pb Y
B FRE I AN e RERR R AL A, B AR T A )R
AP A M 4 R A b
ER . WFFE B A A0hE & SR R & fff - &
& )8 Cd 5 St Si-Cd B 45 A9 258, Wi FEAK
Herh Cd RYTEPE . S ek T 39 b 4 TR A [
SE ML LATIEVE R 32, FEmdctE 3 rp B IR R vT LA
5 Pb A AL A TR L A G 0 T AR
WL di b o R B #  J eA FN U K
£ (Cay, (PO,) (OH,) , K i 7= 2 B COSS & B
CdCO;.PbCO;.ZnCO, ., CuCO, 25T VE , AR 55 1 M
EAEMEE RS,
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A BE B AL TG Y - 1B RSB H AN
o B P AL ) 1% 87 BRL AR D, B 3 R S e ) 4
Bo ROk, REAEFBED R B BTG Y e
& JE AR ML 2RI R 545 1« 4 s 4 pH
{8, {5 4 Ji 2 U A AL DL0E s 3 m LI EC (H 12
i A I AT 4 S 1) W B 5 B AR T i R RR AR
it A7 S ROK P AR Y COS” 5 T 4 T A A B B TR
ERVUVE ; 4 TE R ) 3R 10 R 2L R B IR R
AT Ak , A SETE B B 5 REAL H Y O-Si-
O.COZ | Si-O-Si & 3L A Fn 8 7 8 1) HoPO, ™ |
PO, &I, 730 5 1 4 s A BURE IR Eh Ak & W D TE
FURNEE B RRE: .

Tk AO RN 8 B 0 A2 G AL BR % 35 90 d e, MR
Cd ¥95 M 45 2 5 43 (55 R 4 U + T 38 B 28 19 5 He
1€ Si2P1 1 Si2P3 4b B iy X BE 4 3 1% 17.76 %6 43531
TRER 17.13% F17.21% , HHRES Cd & &1
A AR T 1.04%0 RN 1.71% . X F B e rp
Cd B A0 7T B8 2 H 55 19 12 RO T 348 JE 2 1) 7] 4
TR FFR A5 AL, o 06 PR & BT 2548 0 TG 4
AT 25, RAC A 25 KU AL A 45 SR ENE T 1
WL

25 b ARENE FI@EE Ry S BB S, pH A
T 0.16~0.93, ;- e TR g 4T (P<<0.05) . Jifi
ARERE R0 8 2 Bl atifb R 90 d 5, R P E 4R
A OV 0 B AR . B A ) R ek A e A i 1 34
i, e 4 R B AL ROR B . o, Si2P3 ik
T A R b, %F Cd L Cu, Pb . Zn B 446 5 50 1 A
30.79% .27.27% . 27.13% . 36.88% . A~ [F] LL A5 &2 i
b PR+ 19 T 4R R R A BRIE, Si2P2 kb3
X TCLP-Pb FREARRCAR e 1 3, B R 7096 DL b TR
I Be A AR, 49 A Y 55 R 4R UG RN AT i
RS o LU, Bl A 3 i T, 4 ) 1 T MR AIG
A4k, Si2P1.Si2P3 AbHffi +HEh 4 B 1Y
RAC XU 7255tk 2RI

H SR A AR AR 7 O BB R A A AR L 2 5,
HR S L A B R A R, HLZ T R A
B e Tl DL AR R e w 2% . AR AE b
BN FN T EITE AR, BERT LU 35 52 i
R AT DME R R HHE R, s R, TEARE
FEH, Si2P3 i A R T R 4 Ja A S Mk RO B
A 5 B 7R S B 7 7 T8, Si2P1 4 B A A 0 e
fIC, E PR IR . (BB AL e FH & 2 A5 2 DA B

023 T AR B BRI KRS, i 5 ik — AP RO IE ST, A
S ZEOR AE 1 o
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Remediating heavy metal contaminated soil in landfills with a
compound of silicon fertilizer and phosphate ore powder

YANG Yuanyuan,MA Haiguan, PENG Gang, HUANG Guodi, HUANG Li

State Key Laboratory of Soil Health Diagnosis and Green Remediation for Environmental Protection,
Huazhong Agricultural University, Wuhan 430070, China

Abstract The purplish soil from the landfill in Yunxi Town, Yanting County, Sichuan Province was
used to study the changes in the content of available heavy metals including Cd, Cu, Pb, Zn before and after
passivation culture. Different mass ratios of silicon fertilizer (Sil:0.5%, Si2: 1.0% ) and phosphate ore
powder (P1:0.2%, P2:0.4%, P3:1.0%) were mixed as compound and added to the soil. The passiv-
ation was cultured for 90 days. The effectiveness of soil remediation was evaluated with risk assessment
code (RAC). The results showed that the effectiveness of heavy metals under the treatment with high sili-
con (Si2:1.0% ) was significantly reduced compared with that under the treatment with low silicon (Sil:
0.5% ). Among them, Si2P3 treatment had the highest passivation rate for Cd, Cu, Pb, and Zn, which
was 30.79% , 27.27%, 27.13%, and 36.88% , respectively. There was no significant difference between
Si2P1 treatment and Si2P2 treatment. Si2P1 treatment significantly reduced the toxicity of heavy metal
leaching and the RAC risk assessment code of heavy metals. It is indicated that the passivator for com-
pound mainly enhanced the complex-precipitation of functional groups (O-Si-O, Si-O-Si, H,PO, , PO,”
etc.) by increasing the pH and EC value in soil, promoting the transformation of heavy metals from highly
active weak acid extraction and reducible states to low actively oxidizable and residual states. Overall, the
application amount of Si2P1 passivator is lower, making it more suitable for the remediation of heavy metal
contaminated soil in landfills.

Keywords silicon fertilizer; phosphate ore powder; compound passivation agent ; heavy metal pollu-

tion; polluting soil; soil remediation
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