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Abstract: Heavy metal contamination is one of the most prominent environmental issues worldwide, and heavy
metal tailings are one of the main sources of such contamination. Biomineralization based on enzyme-induced
carbonate precipitation (EICP), as a promising technique for the remediation of heavy metals, has many
advantages such as high efficiency, greenness and environmental friendliness. In this study, soybean urease
solution self-extracted from soybean powder was used to treat lead-zinc tailings. Heavy metal tolerance test,
contaminated solution remediation test and lead-zinc tailings biomineralization test, as well as ICP, XRD and
SEM-EDS analyses, were conducted to study the prevention of heavy metal contamination of lead-zinc tailings
through soybean urease-based biomineralization. The test results showed that both Pb*" and Zn®" reduced the
activity of soybean urease, and the effect of Pb*" on urease activity was time-dependent, whereas the effect of
Zn’" was immediate. Soybean urease could effectively remove more than 99% of Pb*" and Zn*" in solution by
forming protein complexes and inducing calcium carbonate precipitation. Meanwhile, the calcium carbonate
precipitated by the soybean urease could encapsulate the tailings, reducing the amount of heavy metals leached
by 70%.

Keywords: heavy metal contamination; enzyme-induced carbonate precipitation; lead-zinc tailings; soybean

urease; contamination prevention

4 A 5 Y o N 28T I 1Y die ™ IR 1Y A B ) R
Z— HhESGERV ZEESBIT RN FEZEREZ
— A BRI b R K T TS g H AR R
SR 4 WO B A W R AL ST TE B Y A
Wi RAE T A b T 3w 4 B AR
T AE AR, 4 5 8 5T M i & AR 5 20 A A B
VR A LR BO7E S Se 8% B b R AR, 1 18 1 vk
B AR TE YL L — LR M R s AU 5T
MR 2 — o ORI, A% GE ) BRI 2706 2R 45 R 1Y
T5 1 CAnPTvE W B AN Ak 2 08 5 5 ¥ 45 ) A7 TE AR
1 A FRARKCRAR Y B R TG Y S [

A W A B R R BRI b TR T — T 2%
M 4 B TE B B BRI ER B TIR R
(Microbial Induced Carbonate Precipitation, MICP)
o K B (Enzyme Induced Carbonate Precipitation,
EICP) 7K fif IR 2 AL, K 05 i 25 o 42 I 25 7 5 Ak
R W), X \EAE IR MBEY, B, o
A K2 R AR R L B AR R e
TG 2 L AF T 0 U T AN B A A LR 5 S AT
AR AN [ 20 T X 4 SR S e AT MICP B & . )
5o S5 R B B R R Ak TR E o i Ak K R IR R
PR COS ™, IF 5 Cd* 858, A2l CAC O TE A fift
Cd*' V5 Y o AT R B, o R 4h 7 1L 7 Rk 3 3 7
A 20 L W B A= Al R Ak 22 DT E 2 B KR BRI
Wby Cu*' o Hu ZE"H] H 28 AT & B. intermedia
TSBOTX Cu®" \Pb* Ml Zn* #E4T 16 5, A 40 i 7
AR IR G R HLRE RS R ek B R R G HE . IE AR
AT 2% 3 R AR W) Wl % H 4 g 75 YL #E 4T EICP
B s A g R B, TR SR
EICP # R BE A %A & 15 ¢ £ 19 Pb* Al Zn®"
Bian 2558 & B, #E Ca® ¥ JE 4 0. 5 mol /L B, 4
i AWER G, KGIKEGXT Zn* N A Cr( VDR [

TE Ry Ik F] 99.99% .86.38% 175.18% ., FH
SR GY K B, BT RE = AR S B R K
() Z Fh i 4 ) , B RORIE T MICP R . ik
ma MAMREERTEDTIERBEHESE
5 YL R AT AT M BRI T A OGRS
XF EE 4 Jm Tt 32 Pk DL K BN RS ) E b X IR 4 s B R
eSS A LR e

553 T IR B B A MICP 3R A0 H, 56 T IR i
1 EICP 4% R B4 T AE W % & KK W % 182w
A G T I A AR A B AR A RIE SR A 4R R
LTV AT 4 D T G AB A A AR L AR AR R B
AR L B, B8 E SR A B I R A L
W4 R TS P AT A B, O HAF Y SRR PbYT  Zn®*"
(18 i 37 1 DA R S 7 S ) T L X B 4 T VS e s I
R, 454 XRD . SEM-EDS Xt 52 W 7 ¥ 89 1800 46
W TR A B R PR B R E A
J& 5 G R

1 KEHBEHIE

1.1 R

K06 SRR OCR S 2.5 g/L K B R A
(CaSO,+ 2H,O) 1Y i 71 A T 85 £E 85 TRy op F 42 HUAR
B, Hog Ry B 2.5 g/L A K B RR A
(CaSO,+ 2H,O) ¥ 37 5 4% [ W be 1= 10 1] ¥ 57 v fim A
MY ARG 350 RE 2% LA 500 1/ min (4 % 4 2 1 bk
30 min; 7E 4 CAAF K Ry B il i B 12 hy B b
WWWTE 4 CE&AFT LL 10 000 r/min &L 15 min, & .0
S B4V R B SRy AR P TR

KA AT B (G=2.72, ¢,n=
0.77,€,,=0.28) , KM ML & 1R, B
(Pb) B (Zn) & &35 y 462. 6.,338. 3 mg/kg.



60 K5 xR ¥E AL FROP FE L)

% 48 %

100 - O—,
=X E\J
4 80F Y
=
@ \
fm 60 \
2
2
& 40 \u
!
g \
=®

20
By

L 1 in
10 1 0.1 0.01
Bife/mm

B1 Eu Bk RE &k

Fig. 1 Grading curve of tailings
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