oKk 5
166 EARTH AND ENVIRONMENT

7 2024 A543 52 B4 2 )

Vol. 52. No. 2,2024

= mim

RN XisRLER

HEFSEEEREMR

FmEm'? o EEn”

# BT RAHNIRELRTRREENAEAA BFFXMAAN T RBELAEA, WFHME
ABEH A 900 C & i 4L | & E LBk B A OB B R AL T MR R L
GRAV . HBAERRET FHAEZEHMN T HE MgO fu CaO, 7 A K T B F & 7 13 pH, BB 1%

AL AR B A R BAR R AR B A
ERY =R K o & O

ﬂ%lzéJk3%

(L. E B2 e R AL " BT 5 T B0 358 4 2R A 2 15 5 o AR
3. 5EH kaTM%ﬁI@Q&?

Wiz 3 Yoy gl 2 1
WS, T R ] A
I =, ST 550081 ;2. ERM2EBE K2, b5 100049
B IR 550599)

FRBEHA, EAH

THEATXBRAELELE; A 0.8 B RELBET 4430 KGE,LEFT KA Zn Cd 1 Pb & & 2 4 B 1K 97% .46% fn
95%, ELBEMARUAABRELELAARLL, T CAEMIGERANDELSS, TEANMIEN MgO0 5 AR N 4 R A S
hHBEALEPHREELEL KA AANMHINE , AL 4 FEA It CAHBIMERE, ARXRERTHT KL%

Rfdifmmet By FREMAARESE,
KER: LHEFLMFAN, ELBBRET ;T LBA

RESHES, X53;X754 THARINMG A XEHS, 1672-9250(2024)02-0166-10 DOI: 10. 14050/j. enki. 1672-9250. 2023. 51. 018

- TR 4 JE TG Y S T A IR BT M), B R R
ﬁﬁ%ﬂbﬂiiﬁﬁiﬁ@%i&i%iﬂz}%@%%E%@’@
R IR IR A A T2 R SR 1k R MR
e, HAR AR UE S HEO™ AR s & E AR
{0171 L T 7R ST A I NG A
S8 WA BN i N T2 o SN o R R
B, PR G X 4w 5 e 2, X4 IX
B A AR IR AR i Bl AT EE L

Yyl + 5 E & RS E R R A
HEE ALk Ml 450 ok E 4
Joe X AT K BT 2 R as  BA O R IE S
AN A X (e SRR A I 42 X W= i
JEMATU X E SR e E .
SR TR R RAE T v B ORI AR 1
et R St H AT, VF 2 Bl A R A A A
PR A A R A B R A I AR R
FEAR A 52 R0 AS | B AT W Re 82 & R B &, B S
FEHOTM R R RO A A B 5 ) & 4

Y FE B E . 2023-01-07; 2B H#:2023-05-17
E&£TH . BEEXELSHATR(2020YFC1808501) 5 5%
(2021399) ,

J& AL B R B 5 52 B K TE
R & W0 AR 8 i R A 0 P v, TR
B = AR 20 1000 J7 /4 i Al AL 10% 4
AU OREBER G HEF T R, BERS 4 A B
BRAR S P A B R, L AN B R T URL 4 8 AF
FE R R BE ™ O KRS R, B R A WAL
RMATRREY), WA REN EET T EAE
BERAO Ao T ATy, A ik s
G JE TR S BV A R A B R AR 1T 5
4 B O IR R R LT IR IR
WHTESEEEA . R, 50
FE PEBR BR R AT L, B R 7 % 0 4 J 1l 1k 3R
1EE e A b B2 X6 H Vs 7E ) 6 4 43 AT 6 A, B A, R
NG SR A HLER TG AL B 57 1 DA A 20wl & i, 2
E T 4 A U S R W R R OTE T (B e A
R ER 1G5y | R i B W s g . R T AT A SR 4G
I T VA BAIF 5% A, A SR R v T A 3 6T 9 R 0
gL, ¥ 0 e ik B 1 T4l Ak e B B 5 X V5

EJN A B2 R T B K S WA RS R B E o R B AR R AR 2 T I 4 9

F—EEBAN: FIEE(1991-) , B 054 R ok LIEE S B IS Y4B E . email; zhouwangwang@ mail. gyig. ac. cn.

 BIWAEE . XEE(1986-) , 5 W14 BIWFSE B, B 55 05 1) o - 5 o 4 J i e

5%, email; liuyizhang@ mail. gyig. ac. cn.



552

JE NE RE 45« o i 0 AL B R T AL X5 e RSP I TR RSB AT R 167

et E SR, WG E RS LR X R
G B RCR SRR L], DU O 4 4
168 52 B AT A R A B Ak b1, Sy i JE 4 5 D AR A
MR 2%,

1 b

1.1 SEIRHR

A 5T R 0V BB B (PT) 50 )1 5 4k
T A FRA ml $e it 88 B h Zn Cd F1 Pb B9 &
K, /9 75.59+1.96 0. 17+0. 04 F1 5.35+
0.73 mg/kg, FIEBEEFT 2 BRX T G, 0FE =
100 H ,MR4EFTA T SC I 45 R % —E R R T EA
Wi 25 T3 i 76 5 3R B R L 900 °C 4% B2 30 min, B
F G, B AT A5 2 s s A i 85 R Bl R A R
(CPT) . Mtk +HER A S &4 AR5 T BT EE T X 1Y
WU X, 0 X JF R & Bh g T b 2e, Ban g ok
5020 R A 0 R SR D vk B R R W
ALY (HI/T 166-2004) HE4T , 4% B AE AT 505 R
HFRZ L (0~20 em) IR EW H3EAARKT, LBk
AHA e R OFE 2 20 H &, ik 5 pH N
6. 88+0. 05,44 &L PH B ¥ 224 5y 12. 751 emol/kg,
BT &N 39.47+1.22 g/kg,Zn Cd F1 Pb B 5
A0 h 4 879 £89.1,55.2+0.76, 468 = 2.63
mg/kg,
1.2 TESEMAIE

e S SR E S A AD B R4 Ab BRI
3AEE . REUHE 11 250 ¢ TRNIGHE R &
(20 cmx15 cmx6 cm) , Hoi 3 A B R 1L 0. 4% |
0. 8% F1 1. 2% 43 BIA N 900 °C 1% 1k # 8 B 4™ 41 %1,
FE4y W FRiC S CPTO. 4 CPTO. 8 F1 CPT1.2;1 #H ¥R
0. 8% A 2 4b # W I i W 0 (PTO. 8) ,1 IR
TIAT ] i £k b1 B S X BE AL (CK) Al AL s ()35 B
30 KRR 2 K BRI K B K RAIE T+
B K R 2y Sy die KRR K A 65% 4 0l #E 5
1.7.30 KAWL 15 o( FLHERE)  FEMAHE T
Je i AE 3 pH ME &R IE A,

Ry i — 25 R A R 4 ) B AR HL ] T R
T CPT X W = 4 @ 19 [ 2 F 52 FREL 0.10 ¢
CPT T 100 mL 2.8, 4351 A 50 mL 500 mg/L
) Zn Cd \Pb W, K &.08 &8 THIRR G & L
180 r/min 1£ % F IR 24 h, B0 J5 B B KR 5 %
T P 48T
1.3 HROWAE

T ERE SR B WL 1225 I A B 4l KR S G

30 min, ME pH, EARKE ST P 48R X 55
ZERTHH (XRD , Empyrean ) Il 58 , TAE 4 744 i #0
(A=1.540 6 nm) , & JE 40 kV, % 40 mA, A G
Bl 20 f1 5°~60°, 4 0. 020/, FHM#E F 2°/min,
FEh Y 32 Ak 2 2 R X IR 29O O i )
(XRF, ARL Perform’X 4200) il % .

THEE SR TR I AN TS R
B W ARBEAEY (HI/T 166-2004) H il 1o 45 42 B
2o A2 /A5 (F1) 1 mol/L MgCL(pH=7)42H 1 h;
PR L 45 &4 A (F2) : 1 mol/L NaAc (pH =5) £ B
8 h; Ek4E AL W 45 A &5 (F3) ;0. 04 mol/L NH,OH -
HCl7EH R K P (96 °C) 28 4 h; HHLSL: & &
(F4) :30% H,0,+0. 02 mol/L HNO,(pH =2) & {8 i
JKVEH (85 C)$EHL 5 hy BRES (F5) . RHIR AR
(HNO,-HF-HCIO, ) {3 % 18 i . R L RS & 55 5
TAR B EAL (ICP-MS, Agilent7700) I 5 4% 32 B P
HEFET R, LR TR PO A E K bR AT
Boe W R, LB A K A b s MW R
(GBWO07445) v Zn. Cd Fl Pb #4 [0 4t & 2 5 Ky
92.67% + 9.97% . 97.98% = 8.71% F1 98.61% =+
0. 33% 5 +HE W43 43 B AR HE D) 5t (GBWO7405) Hf Zn |
Cd A1 Pb B IR 5351k 101% 1. 42% (113, 86% +
1.92%F1 104. 67%+2.97% ,
1.4 HEAE

SEUSBUHE SR F Microsoft Office Excel 2016 #E4T
Bpmas B, R I SPSS 26 B4 47 5 E ANOVA
1 E VARG 50 73BT (p<0. 05) , R H Origin 2017 R F22
il A

2 R 5500

2.1 EHRHBETESREENBETNLFAK
JE UG R 1 S AL E 4Bl Ca0(32.6%) |
MgO(17.9%) . P,0,(5.85%) , %k & (LOI) (5 Lt
39. 6% ; XRD ;I £ i £ Z 8 Y N W KA o
AfMA T (E ), 500 BB ) 4 A
12, 900 °C Gk )5 HI B A CaO MgO 1 P,O,
SEM N 39.9% . 22.1% M 7.35%, LOI N
25.6% ; E B WIBR T R A A SR SR K A A 38
EHAEAIRA A, AR K A0 TR S
TG A B rh R kAR B AR A, ST BT A5 R —
] LRGSR E IR s A R R
CaCO, .Ca0 MgO il CO,,# % LOT &3 K CO,,
NSRS LB B b A A K (Ca0) & f (<8% ) I
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K1 @RS (PT)5 900 CEALBERES (CPT) K XRD 3K
Fig. 1 XRD spectra of phosphate tailings (PT) and 900 °C activated phosphate tailings ( CPT)

AR T I (MgO) . A AWFFERB,687 CH =
A1 ¥ B 4 i 72 4E MgO | CaCO, 1 CO,, 781 °C i
CaCO, JFHR/M 72 CaO I CO, "™ A 900 °C 1,
= Al e KB 2 f# , B CaO F1 MgO AT 38 KIE
P TR 5 T U 3 2L Ca0 5 Si0, 4k S5 0 M T FEAI
WY
2.2 AR A IERT + 15 pH BIE2IR

Bl CPT ¥R i i 38 hm, -3 pH &2 I T #a 34
(FE 2) .44k 1 KJ5,CPTO0.4 .CPTO. 8 #1 CPT1. 2 4t
L b 43 pH 435k 8.38.8.83.9.05, B & T
CK 4 (p<0.05), 205 T+ 7 1.30,1.76 1. 98, i
b7 KJG ,PT A4 pH {H L CK 41 pH {H & 0. 08,
ZRARWE (p>0.05), 1 CPT A HL4 ¥ B 3% & T
CK 4 (p<0.05) ., fiifk 30 KJ&,PT Fl CPT 4b B4
+ 3 pH (HAD B E & T CK 4 (p<0.05) , Vi A = iR
WAL AT T R M R 3 pH MRE 1, —J& MgO |
CaO /K J5 4 % Mg (OH), A1 Ca(OH),, 3/l OH"
BT TR BRER T WX pH AT — 5 L
RAE Y 0 s bh o B AL B S + HE pH BS A
Thi
2.3 AEgLAENTIETRBRSESBNEN

B - HE R SZ 43S Zn . Cd T Ph Y E E
TALULE 3, 5 CK 414k, PTO. 8 #lifk 1 K5, -

BIFE B R /ING 4 2 7R R — Bl A I 1]
A Te) A A A Ak L ) 22 5 483 (p<0. 05)
K2 AR AbFRLE L3 pH BE 8] 942 1k

Fig.2 Changes of soil pH with time in different treatments

BN 2 S Zn i 0 EEAK (12, 6% ,p<0.05) , Bl
AT ] 3G, AT A8 4 A B BB P AR, 7 RN
30 KEF4r5 FFET 17. 6% M131.0% (E 3a) , 5 PT
AHEE, CPT Ab 2 X + 4 Al 22 # A Zn & f 19 FRE AR AL
R (p<0.05) ,Blifk 1 KI5, W &4 Zn %
B CK 42 B T 91.6% ( CPTO0.4) .97.2%
(CPTO. 8) 1 98. 7% (CPT1.2) , Hifk 30 KJ5 , Al
CPT i fin & 145 4 22 A .3 (p>0.05) .,

5 CK #AH,PTO. 8 #ifk 1 K5, n] 22z Cd
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P b AN [R] /N 5 bk 3 7 () — i Al I 8] T AR ) Bl A b Ak 380 ] 2% 53 B % (p<0. 05)
B3 ANl b B B S RT 24625 Zn (Cd A Ph 57 Bk Bl IR i) f 722 £

Fig. 3 Changes of exchangeable Zn, Cd and Pb concentrations in soils of different treatments with time

TEAUT % 4.0% (B 3b) , BB Ak B[] (4 385 in B 0R
WA T (5% ~5.5%) . CPT 4% 4b B4 v ] 228 1 7%
Cd & &% 8 FMTF CK F1 PTO. 8 £bH4 (p<0.05)
5 CK @M It #lifk 1 K5, RE CPT & in it i) + 3
AR Cd B AT IR T 31.2% (CPTO. 4) |
43. 1% (CPTO. 8) 1 52.2% (CPT1.2) . [ Z Hiifk it
] A 14 T, £ Ab B ZH T RSS2 Cd fr A AR,
30 K if, CPTO. 4 #1 F [% 32.3%, CPTO. 8 41 F [%
46.0% ,CPT1.2 21 F % 54. 9%,

PTO. 8 23 AT i 2 AR+ 1 rh AT 58 40 25 P 5
(p<0.05,[8 3c) FHALITE] Ny 1.7 F 30 K}, A 52 6
5 Ph & EAY BIFAR T 16.4% 27. 4% F 37.8% ., i
CPT £ 4 XF Ml 38 #5645 Pb & it I FEARRCR B o B &,
Bifh 1 K5, ol &2 e & Phb o &R RE K 92.5%
(CPTO. 4) 96.0% ( CPTO0.8) il 97.0% ( CPT1.2) , f&
W 2 T PTO. 8 AL BH (p<0.05) , H A [\ £ hn 2 %t
FHERT DS Ph & B AR 2E SR

ARG R R e R XS g e rh
Zn Cd Fl Pb HA B EELOR , HAL TR A 4b
AT, 7E Wang 2 %0 0. 4% Ca(OH),
A S g, T S A Cd & AR 33, 1%,
AR W5 CPT0.4 4 b Al &2 #: 25 Cd 19 22 b
(32.3%) MY, EEE5X T 25 R & 4
JE B EEE R, KB Ca(OH), L5 R Cd ¥5 %
130 K5, LA LA Cd TR 28. 1%, B A%
T CPT M 861k % 2 i i ff A (15.4%) \Z Wi A
(5.6%) A1 (4.2%) FlAE W5 (2. 8%) 1Y i1k 5%
KU BART AP H CPT M8, Huang 25 R
FH0.2% A KA1 +0. 2% B 0 A1 Bl A5 4 58 )5, T
TR Zn FPh 435I T BE 96. 0% F1 98. 64% , W i

T CPTO. 4 20 fH H 7T 22 4 25 Cd 1Y B IR (93. 54% )
Wl s TAMF R A R, A5 CPT X+ Cd 1)
LR T Wu S MR, XS 1
pH 7 ¢ /A 075 Y -3 pH 3G, 41k #4 8}
X pH A B R RO B, Y el A O A
A AWFGEH CPT A1 PT XF £ 3 Zn F1 Ph 19 5l AL 2L
REET Cd, X 5 R EREC WBF 545 R 240, 0T
g5 H 4 m C R 1 ) B A 2 M I | b S e R AR
P ZE AT 5, WA 5% 4 FH A0 438+ 198 vh T 58 #78 Zin
FRE T Cd 1 Pb, B 5B R KA R
WA, —FESRMEE LYW HEER R Pb(OH),
(1.42x107) < Zn (OH), (4. 12x 107" ~ 6.86 %
107"7)< Cd(OH),(5.27x107") K % 11 pH 9 7+
=, Pb Fl Zn A fig B 5 T8 W& A L W U0 TE B
Y
2.4 AEFLAENTIEESERSSHHEN
MR 0. 8% MBS B & A Rk XF 1 & & R
OIS A 5 N S A N o e N B ol = R
LR MBI LI E B Sm N, M
Bl 4 o], M F CK 41, Bife 1 K )5, CPTO. 4,
CPTO. 8 il CPT1. 2 kbR +- 3 rfr o] 2 25 Zn 19 (5
Fe o IR T 6. 6% 7. 1% 1 7. 2% , T ik R 46 45 &
B WEENTIET 7.8% 7.9% M 7. 6% , Hi#&
1) 75 Ak 32 45 kg B2 30, U A T SR e A TP Y Zn B
AL IR IR Fh 45 A2 s #lifk 7 KRG I 2842 Zn 1
FLAR L35/ s 8k 30 RJG, AT 58 #245 Zn 19 (5 E 43 31
WA T 7.0% 7. 4% 1 7. 5% , T BRIR R 45 & 25 Zn 1Y
A T 5. 1% 6. 1% 1 5.9% , 54tk 1 K
B 25 S mE A 22 5, T kR SR 45 B B Y Zn W]
e kA A I e AR S AR 45 i 4b 125 R B
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Bl 4 ATl b B rp B 52 Zn FEZS S0 A FRAE (a) Bty o (b) Bl S I 1) B9 728 £

Fig.4 Changes of Zn speciation (a) and the corresponding proportions (b) in soils in different treatments

with immobilization time

78B4k 30 RJG CPTO. 4, CPTO.8 1 CPTL. 2 43
PAEERES Zn AR THE T 3.0%.1.0%
M 4.9%,

g s frs % Cd M L Bifk 1 K5, CPTO. 4,
CPTO. 8 F1 CPT1. 2 Zb ¥ + e ml 224 4% Cd 195 b
I BIREAR T 12. 6% (18. 2% F1 22. 1% , ik BR £h 45 &
BCdWEEAMNTIET 11.2% 14. 7% 1 17. 8%,

B 4k 5 AL W45 & 8 Cd M A e 3 T T
2.0% 2. 8% 1 3.2% , 5% & Cd AR LH /N, 393l
T 0.2% 0. 4% 1 0. 4% , it 5 4l £k s} 18] (6 386 4
A Cd 1 o LRI, e R R 25 & 28 Ik i 41
W44 Cd 1 b7 e, B4k 30 KJ5 , CPTO. 4
CPTO. 8 I CPT1.2 ZbH 4 +- 3 h v 2 e 345 Cd 1 i
A3 BRI T 14. 5% .20. 3% F1 23. 9% , B2 $h 45 &

K5 AR H L8 Cd I A AR (a) B i He (b)) B3P i 1] fR) 22

Fig.5 Changes of Cd speciation (a) and the corresponding proportions (b) in soils in different treatments

with immobilization time
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A CdWE AT T 10.4% 14.9% F1 18. 1%,
BE AL A Cd S a3 TS T 4.0% .,
5.5%H 5.4% , i WL45 A B MR E SN EE N,
AR AS Cd B R L) 5 i IR R 45 A S Tk 4R
LA Cd 1 T H ] 3 A — B, 0 B 4 g T
LA Cd ATRBE AL A R E A &8

5 Zn R0 Cd #H H, BEAE AT IS SR )G R s TR] Y
3 Ph BB S AR LR/ (<4% K 6) , AT fE 5 it
WP LB P SR (L3%) A X, 5
CK AHE, #lifk 1 KJ5, CPTO. 4 CPTO.8 F1 CPTI.2
Ab PR 4 R AT AR S P Y 5 LR IR 2 1% , Bk TR
LGS P By LA B T T 2. 4% (3. 3% il
3. 4% W % Bl AL R 3G 0, AT A2 #e & Ph Y AR b
BN AHBRFRER S5 4575 Ph 1Y 5 T A FRAR 0 e 35 31
Sy AbFRL A LS A S BRI S IR — AL,

HH UG AT UL, CPT Ab 38 S B - 1 rp n] A2 e 8 45
J B 7 b B A, R IR AR 45 A S AR I 7 b
B4y R ER 45 A A Th i T A R vT B A Ak AR
o WA B A WA A Cd 5 W] s
o, T A2 4 A T 4 S ) R i 5 LAt R 2 1Y 1 i AR
— UL R E S RIS R A,
2.5 BIRETHRMNLTESEEEMNELILE

48 pH 5 e 4 T 3 W BT [ A 0
SRR R | R TR R 7l =eR TR I I 75 ) e w:
pH, JRUAEEREH Xt pH 28 fb i 2R H 4l 50

Hz A (CaMg(CO,),) , HEUET H = A 05 i
FKffBE T 63T hPE SN IR It R 0. 8% B JL
XF 4 4% pH B2 W AL/ (pH 2846 :0. 1~0.2) , (= ik
WALSE, B B0 i = A 4 A MgO |, CaO Al
CaCO,, HFRHH IS 1 2H 43 38 i, MgO | CaO 5 7K I i
A A E AR, B T - pH (& 2) , R 4
JB B T DL A AR Y R R 0T 9 B X bk e e Y
HIAWFFE R B, CaO \MgO 1 fifi 3 pH 78 %8 1) P4 P
W m, AR A A W e ) R e
RO X S ARG  CPT AR I 1 K5 AT A e
BELE S D EREMAZE R -, X EEES
J&J5 CPT (1) XRD Zr &5 R W il h iy Cd £ %
Wt AR Cd(OH), M CdCO, UL 3E g [ 2 (& 7),
5 N BIF 5 45 50— 80, W Zhang %Y EERH A =
A1 28 )2 R AU A AR W AL 1 5 4 e 1 BT
K HEH pH EFFH(>7),Cd EELL Cd(OH), Al
Cdco, VML X stifth . 454 Cd MBS i s
BokB, AP EES Cd HnT a8 A e
Cd(OH), fil CdCO, B [E & , I i T 2k R £h 45 &
B Cd I E LN (8.9% ~18.1%) . WK 7 i,
WW b W Zn FE B UL ZnO MOBE R R VT I
(CaZn,(PO,),2H,0) FJE 24 [ 22, 28 L0 FF 58 &
B, M % W pH > 8 B Zn F E W Zn0”,
CaZn,(PO,),2H,0 JE B Al BE & th T Zn™ 5 & 8%
TP Ca™ BB Fac#h , %l B Z R T W Zn

6 A[FEALERL P LI Ph S AL (a) S i U (b) BB AL S 1] 9 42 4k

Fig. 6 Changes of Pb speciation (a) and the corresponding proportions (b) in soils in different treatments

with immobilization time
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7 CPT [ Zn Cd I Pb J5 89 XRD i &
Fig.7 XRD spectra of CPT reacted with Zn, Cd and Pb

I Ca W S5 454 . CPT AR [R] Ak LA vh + 3
pH KT 8, L& M Zn0 1 5 F IR IR L 45 & 28
Zn (15 L3N AT B ZnO SEA9 TR 8 6, 1M AR I 2
Zn () (5 LR AT RE S BE BRI BT DA K. B
Ah, EHRTE AL BE RS A CaCO, 3£ AT 3 i B 142 #e
B E 48 0 Cd* (r=0.097 nm) 5 Ca® (r=
0.099 nm) [ & F LM, 5 CaCO, H 1 Ca™
KA s MgO | CaO 7K A A A 1 & 48 Ak W DT UE 11
Rb AR i AT ke 0 UE | A A AR T R A B
GrJE PO (EAH A FE B E Ph R CPT
KA E S Ph &8y, £ P IR IE A G A
fEaRAE /N o ik R R 245 & 25 P Y o5 b T 0T AE
H5E AW UIEX Ph 0y B A G, Mk, ik +
b A YA, pH B T 8 AT 8GN gk A Ak
e G N N TR )1 WG e - R R 1
W B 4 CdPt AT & A K R R AR R S RN
TR CAd(OH) " {2k Cd SR AP g &,
XA RE R A G D R RS A A Cd W
drEEHE N E R, i F CPT th MgO & & i

T CaO, HEEELE G CPT ) XRD & 3% 17
TEWA S () Mg(OH), F5fE g (/& 7) , 95 ML 4 b7, =
T 1% AL AT R B MO S 48 T 4 i % M A Ak 0 56
HETIREA .

3 45t

i (900 C) i AL AT fEwE B Th I H = A 5
fift P T B XI5 Y - Zn Cd AT Pb
FIEEAL AR . A ) B 1 1Y e T 0 Ak B R 0 Ak B
(0.4% 0. 8% 1.2% ) ¥ AT $& T+ 11 pH , & 3 FEAIL
TR R A T AR S, IR A 0. 8% B,
Bifk 30 K5 H A 224035 Zn  Cd A1 Pb % 543 S
AR 97% 46% F11 95% . 1= Tk I T B2 ™ Ab 28 T i
- e 4 R AT RS 4 A ) ik R R 2 B B AR,
4y Cd B4 B AR E AL 45 &8, NI IR R 4 R
MIER TR M, 22 ) Al AR HLEE T BB 2 MgO 5K R
7 AR SR A ) 0T 3R T pHL, A 9F 4 TR O A AL
Yy SR AR RN R AR DU UE , [ B 3G 2k AR R Ak
XF Cd Y W R 5E
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Immobilization of Heavy Metal Cations in Contaminated Mining Soils

by High Temperature Activated Phosphate Tailings

ZHOU Wangwang''>, LIU Yizhang', WU Shanshan'?, LI Jiangiu’, LONG Hui’,
NING Zengping' , LIU Chengshuai'

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry Chinese Academy of Sciences, Guiyang
550081, Chinaj 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Guizhou Chanhen Chemical
Corporation, Fuquan Guizhou 550599, China)

Abstract: Heavy metal contamination of soil at mining and metallurgical sites is an important environmental issue. Thus, there is an
urgent need to develop cost effective remediation technologies. To date, chemical immobilization is one of the most commonly used
techniques. However, most immobilization materials still suffer from low efficiencies and high costs. Here, activated phosphorus tailing
materials treated at 900 “C were utilized to investigate their potential to support heavy metal immobilization in soils. The results showed
that high temperature treatment decomposed dolomite in phosphate tailing to calcite, MgO and CaO. With the addition of activated
phosphate tailing can elevate soil pH and decrease the concentrations of exchangeable heavy metals in soils. Amending 0. 8% of activa-
ted phosphate tailings for 30 day reduced the concentrations of exchangeable Zn, Cd and Pb in soils by 97% , 46% and 95% , respec-
tively. Furthermore, the amendment of activated phosphate tailings caused a redistribution of heavy metals in soil fractions. The ex-
changeable heavy metals could be transferred into carbonate-associated fraction, and part of Cd was partitioned into Fe-Mn oxides
bound fraction. The primary mechanism of immobilization was that the hydration of MgO substantially elevated soil pH, consequently
leading to precipitation of heavy metal (hydr)oxides, and at the same time, increased adsorption of Cd to Fe-Mn oxides. The results of
this study delivered a potential guideline for in situ soil remediation and reuse of phosphate tailings.

Key words: soil pollution; chemical immobilization; heavy metals; phosphate tailing; mine remediation



