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Abstract: The contamination of heavy metals in soil is an important environmental issue in China. Active passivation is a
commonly used technique for in situ soil remediation, but the lack of passivator with high efficiency and low cost hinders
the large-scale application of this technology. With a hydroxyapatite-based material (HAPyr) prepared from low-cost
phosphate tailing, in this paper, we have investigated the removal mechanism of heavy metals in the Zn-Cd-Pb mixed
solution and the passivation mechanism of heavy metals in soils by the HAPp; through experiments. The results show that
adsorption capacity of the HAPpr on Pb is higher than that on Zn and Cd in the Zn-Cd-Pb solution, and the effect of pH on
adsorption of various metals is related to different types and concentrations of various metal elements. The results of
passivation experiments of heavy metals in soils show that contents of water-soluble heavy metals including Zn, Cd and Pb
in soils could be significantly reduced by the added HAPp; and the reduction efficiencies of water-soluble heavy metal

contents of the acid soil are higher than those of the neutral soil. The precipitation of phosphate formed by the reaction of
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soluble hydroxyapatite and heavy metals in soils, and, the increase of pH values in soils due to the addition of HAP»r, had
promoted the formation and precipitation of carbonates and hydroxides of heavy metals, and the increased adsorption
capacitiies of heavy metals by the passivated soils. In addition, after passivation of soils by the HAPyr, the exchangeable
phases of heavy metals in soils had been transformed to the stable phases, such as carbonate, Fe-Mn oxides bounded and/or
residual fractions. The transformation was related to the precipitation of phosphates due to the dissolution of HAP,y in acid
soils. Besides, the increase of pH in soils can stimulate the precipitation of carbonate and hydroxide and can also increase
metal adsorption by soil constituents such as Fe oxides. Through this study, a low-cost and highly efficient heavy metal
passivation material has been developed from phosphate ore tailings. It is expected that this will provide a new technical
way for the remediation of heavy metal contaminated soils.

Keywords: hydroxyapatite; mining area; soil remediation; heavy metals; passivation
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Table 1. The physicochemical properties of the contaminated soil samples from lead-zinc mining areas
JR 46 - 49 6 R B B (mg kg )
Zn Cd Pb

pH HAHLGU (g ke ") AR T A et (cmol kg )

P 2.60 7.24 0.720 66.0 0.20 2170
#B4 6.88 42.1 12.8 4690 58.4 457




328 VI /= S 2024 4

BEBRM: 2% (GREDENFER BEHEELES) (GB 5085.3—2007) MR INA A E
)&, s kg HIEHERIN20 mg/L Zn. 0.2 mg/L CdF11 mg/L Poiawi %1 L, Z42/H G H T 1%
il S

1.2 LWrHE

1.2.1 A5

W Bt 50y 7 5 S i R R B R 2 Tl A i R B B8 K A T Zn-Cd-PoiR & 1 W B 4 R 1
W B 5h g2 s2 0 . E ) &4 R R 1 9200 me/L I Zn-Cd-PoIR & IAW, 20 I 15 VA i pH A 2 3 A1
6. FREXO.10 ghlifb APk, IIAN100 mLIEA AW, =R T (25°C) LA180 rpmiRk, A MfER—4k R
S, 150 300 60, 120, 240, 360. 720. 1440705001 mL_EiEW, FEMLLiE (0.45 pm) .
s B R AL 5 M 52

SRR A EEPCAE BIK T Zn, POE EARE, WE R ZnS5Poik M FHCAK
FEAR 1OF5 (VR A IR BOT B 25 1R W I 9256 . BioH1)Zn-Cd-PbiR A VAT, 520 B 15 8 W p HAE N3 Fl6
AN . HERIFREL0.01 gk B0 F SE K A B B B2 35 K/, IIN10 mLiREN (0.1 mg/L
Zn+0.01 mg/L Cd+0.1 mg/L Pb) % (200 mg/L Zn+20 mg/L Cd+200 mg/L Pb) B KR GVER, T
25 CHR%24 hjg, U8 I ¥ MpH S M5

ER SR B B3I T AT R . RS TR Zn. CARIPL B R KO R 7 Wil 9% (PE
PinAAcle900) J5E .

WIEARX (D THEEAM R Zn, CARTPL I &2

At ()

K, QNI E (mg/g), CoMCH M AR AL BT Zn. CARIPOIIKE (mg/L), V
NZn. CARIPbIREER VIR (L), MAWMMERE (2.

1.2.2 2334 ER

FIHHA . #RAIN XOREM H T LIRSS . BX100 g 38, 373 2 H0.1%10.5% A
PP B A B (B R B . BEREBKA), JFRINWE T AR 0 A, RiFt
BEKENRNS0% A, =i Mai28 K, alfES 1. 7. 14, 28K, F LS00 gt
i, 30 CHET&H . LB EIANTAT.

Z R (FEAR YR BB R BT E— KPR %) (HT 557—2010) 2R SR /KIS E
&JE.

K H Tessieri® £2 52 BUE I € 13 Zn. CARIPOHIRAAIES, BIEAZ#HE (1 mol/L MgCl,,
pH=7). WREREH A4 (1 mol/L NaAc, pH=5). BiGA MM E&A (0.04 mol/L NH,OH-HCI,
pH=2). AHLLEEE (0.02mol/L HNO;. 30% H,0,, 3.2mol/L NH,OAc, pH=2) FUKAEZ
(HNO,;-HF-HCD) .

A R R R A O A B R AR AL A A VR E . PRI TP B AR SRR R A S
TR (Agilent 7700X) JU5E .

2 R 55
2.1 WRMIEhhZEF
BRI T W R 52 3 0 K A AN 28 3 6 00 2 A0 PR BT 4 pHAE N3 A6 11 Zn-Cd-Pb IR ¥ 7 1K)



3 S, 5. B BRI B Hon 3R E e AR S L 329

4 JE P B (AR AL . T R p X B R AT R KA R I AN R & R S AR AR 2 . B R
BEK AT MRS Zn . CAW B SZpHAE B2 N BH S, T X P AR B 52 pHEL I, (EpHAE A3HIE R+, &
27120 min" fHPoik 2-F4, M EpHE A6+, 1E720 minfi WM &R, ZEXHT
B . BRI S, PIATPDREG P ISP R B 2 B 3% = T ZofICd,  TRA IR R R K A X CAfTR
Bt B B AR T A AR S I B — CAIE i I U g R B A M LG, B R R AR KA
ﬁm%%%ﬂ%ﬁ%,Hm%%%ﬂ%ﬁéumﬂ%ﬁ%%$QWW§&ﬁo

Pb —6-Cd —6-1In

200 |
vy ~
= = 150 -
£ £
U_I@ I
&z E L
.| &
1 L 1 L 1 1 1 1 1 1 1 1 1 1 1 1 n 1 1 n
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
i 5] /min i 1] /min
_ d HAP,,
200 i 200 - I pH=6
~ S~ [
ol !
= o 150 - H [ o
g @
=l W "
b - = i
§ 20 z
F % ~
U = i
k 0 —
0 1 1 n 1 " 1 n 1 " 1 n 1 n 1 1 L 1 1 1 1 1 n 1 n 1 n
0 200 400 600 800 1000 1200 1400

0 200 400 600 800 1000 1200 1400

B} 16] /min F5} 18] /min

HAP—#BB B IAT; HAPy— B FRIEBE A
K1 BEBRO MR Zn, CARTPOIR FY &R 7] ) 224k
Fig. 1. The variations of adsorption dosages of Zn, Cd and Pb by the hydroxyapatite material with the change of time
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Fig. 2. Effects of initial concentrations of Zn, Cd and Pb in mixed solutions on the adsorption capacities of Zn, Cd and Pb by the
HAPpT
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Fig. 3. Changes for contents of water-soluble heavy metals in soils for different passivation treatments
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Fig. 4. The variations of pH values in soils after 28 days of passivation
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Fig. 5. Distribution characteristics of states of heavy metals in soils before and after the passivation treatment
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