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Table 1 Basicphysical'and chemical properties of soil

pH HAHLBU(gke) A%/ (mgke) &B/(gke™) EPb/(mgke’) ECd(mgke") AECu(mgkg") EZn/(mgkg")

5.34 32.25 13.49 0.61 533.37 7.99 761.46 707.43
A ST e B A 1, SRR AR £2 2MBEAMER

o S A LB IR e, RS WGE o R S 4 Table 2 Properties of two phosphate fertilizers

I [ORMRES #EA BAE B3, AR 75 em, LA pH e POk

A 8 cm. BEJE 0.5em, FIAEBSS 65 cm(HE%E HRAHI(MPP)  4.64 A 52%

+2), EFo3 NS5 om iEKS, #Eid£ EEEREAT(CMP) 8.43 v 12%

LA RN K B G H2 o IR AE K 4 R A 2
i AR (FRUE) A1 300 HUEM o B FARE S H EHK 2.5 em AbE N &EFR S em 7 # 1A 4 4> J7 )
WHA2em WL, A1 484, HBRIKRIEFEM . SR 15, 30, 45 F1 60 ecm IR JE (S E AL
B 45952 1) BE 4 AR 1 em BUK T, 435146 %% Rhizon 4 38V IEURE 821, RS0 A AR I .
1.2 LGt

ARSI 43 oy I IR AR A 2 4, ABEERE AL (CMP) AN IR — A B (MPP) L 5 Fift it B 7K
Fn(P)/n(Cd +Pb+ Cu+Zn) BE/RIL MO, 05:1, 1:1, 2:1F4:1MAVGYE L3 (G HmA o0, 1.
2. 4F18 gkg', LhE kg £ PO, Bt 4r BT, 18 CK. CMP0.5, CMP1, CMP2, CMP4,
MPP0.5. MPP1, MPP2, MPP4), i} 9 Fpibs.

T IESE . A AR EE G 500 g, MUK B A KB HRK R (24%) 19 60%((FRE ), fEFEH5)
JE A BB, HRE 25 C SR 14d, FOIMAANFENGE & BEE, SFamis 3 ~MEE . Hif,
MPP J& LIKIE R IEMA , CMP & D RIE A (BINA S MPP S it i9K), @it N TR E#
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1.4 HESH

S K YR Ak BE Ay B SR ] Excel 2010 il SPSS 26.0, Ab 3 2 1] fy 5B 2 4 6 & R ) LSD 32 il
Duncan # B AHEE G, 2557 W F WK R 5% WK, B FREI/ER H Photo shop 2019 Fl Origin
2018.
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Fig. 2 Effects of different phosphorus fertilizer treatments on soil available phosphorus content and pH
22 2B LIEESE PbuCd\ Cu. Zn HUHRNESR
2l 9t A e A £ 8 90, d S X 4 Bl B A BE AL ALOCR WL 3. NI 3(a). BT 3(b) AT LA Y,
CMP F1 MPP 2 iE A7 R [ K - 3 v Pb. Cd #YA RS I 70 %, HoxF Po BYRCR 4T Cdo 5 Pb,
Cd ATF 7%, CMP Al MPP X Cu. Zn BEEALRHCR AN, EERH T EMIMEL (K 3(0). K 3(d)-
BEAEXS Po., - Cd SEALBOR B 4r 0y I R P RS, WRIE P O BEIR R 5 I b BOBR IR AT . BRIREY 55 K A
JO7 AR S IR E B BE T RIS, BERR SR XS g b Cd Y W R BE A 2 W 22 1) A AL 2 A A
FH A e S B, DT S 2 AR Po. Cd M AW A &R, i HL, BEEREh X Pb B Bk
SRR, 8 2 D0 e A R MR B UL TE R, i B Pb M BEAL SR 4 T Cdo MIREAL S8 Cu, Zn 1%
PR B P Al RS, BRAC XY Cu R Zn BFEE 73 LA 25%Cu M 5%Zn I I8 T W FRERDUTE , B TR 5 XF
Cu. Zn WYBEALHLER = 2REE R I M AL S E L mH, AUEn, TEPESAEEHES
J& Pb. Cu. ZnMf, 2x{fi Pb. Cu. Zn B2 2050 T FE 15.20% . 48.30% F1 75.60%, fii H 4 & 2
(] 1 BT AR R, A8 Cuy Zn B [RTIF, BRAE B 780 238 -3 pH 50 (7 2(b)),
3 pH>6 2 B Cu AR B S5 40, BRAEAT A MBI ES T (MPP). #5251 . BERE T (CMP) 25 [
TS EH R R T 5 A WAL R, AT ] X B, R E R I SR TR
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Fig. 3  Effects of different phosphate fertilizer treatments on the available mass fraction of heavy metals in soil
AP P, B G5 Y D 2 FhERIEXT Po A EIE SR Fetf, CdikRZ, Cu. Zn T AL
LA AT RE S, BRACXT Pb. Cd 2 9B MR Eh 45 & Wl S8 . B IHE TRYME &, 1 Cu. Zn W
Je TR Eh 5 H R AR LB R A LT 424> (25%Cu. 5%Zn), Pb Hl Cd [ 4E 75 il L% B 25 e b
FEAIK (48.3%Cu. 75.6%7Zn). Y& pH Tk . BIE5 A5 PHE 7 9 Mk B 45 2 MR 2 80, flEAF Cu. Zn i
B RO S R IR A S R B S R IR R LB 2 Pb. Cd. Cu. ZnE {5 Y LI
F, LB TR RES Cd L P BARASCR I, ATA RS Cu. Zn HALSCR AU B EE B IS .

W A P B R 36 384 1, Pb, Cd A7 %28 J5 o e I A AR X IR BEOE R 3, SUR R EER
MPP Xf Pb 5L 25 578000 .25, i B 25 AL XS Pb B¢ Cd Y BlA SR 22 S B0k, TR, BREAC A &
138 2 FECCu Zn 15 AL KBS 138 . Gl A R BEIE A X 2 G5 9 £ P, Cd. Cu,
Zn WIBEALRORXT L, R B PEREAL CMP 5 5 4 8 AYEEJR Lo 0.5 JKIEPEREAL MPP 5 42 J& 1Y
FEJREL A1), BESEEIXT Pb. Cd HA B AIBILAICR , RN AEA MR Cu. Zn BYTH AL KUES .

MPP XS Pb, Cd W HEALBORE 4 T CMP, [R5 3 i Cu, Zn i iEfb. X EZERZN N,
MPP A B8 B (K 2(a)), KETEWRE SR, A A LR BRI BERAR . #1125 1 (MPP) Y& A
BTCMPIMA T3P BB . ST, BT EEL, SR ELHNHMRMR S Pb,
Cd J, MIMFEAR T Pb. Cd B k. SR, HZRHE 75 Cu. Zn Se P WAL R, MH T+
X E G R, R EHREEL Cu, Zn, EZ[HIG MPP X Pb, Cd BYEIILACR E 47, [A G
BT Cu, ZniGALKK R, AHESEHR Y, 75 G 3N MPP 2 BRI RS T, XS
Zn R B RE I BRA, [RII, SRS T RERS 5 4 Jm 2 1A 5 4 T MG AL i, AT 3 R XS Zn BT
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BRHAE a0y, A 3 Zn 35 1R 1),
23 MHIBARERX T AERE T EBN RIFE

AN [ M Ak B AS (] b s i 6 R R R B 4 . A O o A R s e L P 4 B S, A
K4, EsSaTLUAER, HERESRS, Soink B4 R)Z 20 cm + 384 6 A 2B 28R F 2
TR R, 20~65 cm + )2 20 FA BB TR BN e T . Hd, 20~35 em 2 @RI RL
Wl o o B S R . DA AN TR TR R 4 Wl N A A5 T o B X e R B, AR 4.8 L o B
(1 4(d), ¥ 5(d)), 7E20~65cm 1)z, A BEACHE AN KF- T MPP 45 &b S A - 338 42 58 A 20005 o o 53
ALK T CMP, X UL, [0 HERZ RN, S0 082 DUT 2 R A S i o Bkl +
S5 T TR A BE I R R R, X RN N, BEAEAZ R A SRR E R 4 A B B BH h LR ARk
N, (SR A 3 T 2B RCRBRAC, DT 5 30 3 b 5 1 5 A 43 B A TR B 1 38 i i . S
fikB%, MPP A Lt T CMP 2 i 55 Z (0 i N Bl 5 ki v ) - 28 T )= iR B A, X T RE & A h, MPP &
K PEREIL, W ) N R R A B e 2, M CMP & T HIA MR, s
B I AAY A /D BB 1) 3RS, WO EL 20~65 om Ab 4T FIA RLRE R 2> BORL AR T MPP (IR,
555 om VR 8 4 0 AT om0 B S N IR A e I S 2 L S R A 5 AR TS A g ) - HE A
AT A50R J0T £ 53 450 i - 498 50 T R B A BG n SRR K N R D, K MR R SRR I K T A
FEPEBE IR ) B SE AL .
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EHEAT TR (g - ke AR (e - ke™)
0 2000 4000 6 000 8 000 0 2000 4000 6 000 8 000
b nsA O e w -
ST A TN ST TN
=20 - 0l
5 -30¢ § 30t /
= Iy
¥ _40 T
-0r 50
- () FE] 2L e (b) 24 L
IR AR (mg - ke) A AR (m - ke )
0 2 000 4 000 6 000 8 000 0 2 000 4 000 6 000 8 000
[ - ] O e —t—i e e - o1 @ e s
PN A NS STV T/
20} \ ol \
g O g 04
w307 / = ot )
s %
-40 0 /
=50 ~50
-60 ol
(c) kw36 L (d) #HiEs8 L

—=—CK —A—CMP0.5 —v—CMPl —e—CMP2 —%— CMP4
—A—MPP0.5 —v— MPP1 —o— MPP2 —#— MPP4

B4 FEBMELEBAEFRMKEE TN LIREHOTM

Fig. 4 Effects of different phosphate fertilizer treatments on total soil phosphorus under different leaching amounts
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Fig. 5 Effects of different phosphate fertilizer treatments on soil available phosphorus under different leaching amounts
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Fig. 6 Mass fraction of soil total phosphorus and available phosphorus at a depth of 45 cm at a leaching depth of 4.8 L
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Fig. 7 The effect of different phosphate fertilizer treatments on total phosphorus in soil solution under different leaching
amounts
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Fig. 8 Total phosphorus mass concentration in soil solution at

leaching 4.8 L at a depth of 45 cm
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Immobilization remediation of heavy metal contaminated soil by phosphate
fertilizer and its environmental risk
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Abstract Phosphate fertilizer is widely used in the passivation remediation of heavy metal contaminated soils
in farmland. However, the remediation effect and environmental risk of different types of phosphate fertilizer on
soil contaminated by multiple heavy metals have not been fully concerned. By indoor soil culture and soil
column leaching simulation experiments;-the passivation effect of calcium-magnesia phosphate (CMP) (citric
soluble) and monopotassium phosphate (MPP) (water soluble) on Pb, Cd, Cu, Zn contaminated soil and the
characteristics of phosphorus leaching loss in soil profile were investigated. The results showed that when the
application rate of CMP and MPP (measured by P,O;) was 8 g-kg', the passivation rates of Pb, Cd were 35.05%
and 71.72%, 31.76% and 40.99%, respectively, while Cu and Zn were activated to a certain extent (up to
29.62%). The passivation effect of MPP on Pb was obvious better than that of CMP, but for Cd, the difference
was not obvious, and the doubling of the amount of phosphate fertilizer did not obvious improve the passivation
effect. The mass fraction of soil total P, available P and total P in leaching solution in the soil column decreased
significantly with the increase of depth (20~65 cm), and at a certain depth, with the application of phosphorus
(1~8 g-kg™") increased significantly. The risk of phosphorus leaching caused by MPP at high application rate
was obvious higher than that caused by CMP. When using phosphate fertilizer passivation to remediate multiple
heavy metal contaminated soil, the types of heavy metals, the passivation effect and the potential risk of
phosphorus loss should be synthetically considered, and the appropriate type and amount of phosphate fertilizer
should be selected. The results of this study can provide a reference for the remediation of heavy metal
contaminated soil by phosphate fertilizer passivation.

Keywords heavy metal; phosphate fertilizer; passivation; soil column leaching; phosphorus migration and

loss
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