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Abstract: Biomineralization has attracted much attention from chemistiry, physics, biology, material, medicine, life and environment
sciences. Microbial induced carbonate precipitation ( MICP) using urea as the substrate is one of the hot topics. Herein, we reviewed the
enzymatic mechanism of MICP and the function of biomacromolecule in the progress of biomineralization. Previous studies showed that the
concentration of soil carbonate increases due to the decomposition of urea which can be enhanced in the presence of urease produced by
ureolytic bacteria. Meanwhile, the extracellular polymer substance ( EPS) secreted by the bacteria, possessing varied functional groups
and chemical bonding, can regulate the biomineralization. The results demonstrated that MICP can remediate heavy metals pollution, such
as Cu, Pb, Zn, Cd, Cr and As both in soil and solution. Co-precipitation is the dominant mechanism for the heavy metals immobilization,
via cation — Ca®*/ anion — CO,” substitution, resulting in carbonate-bound heavy metals. Therefore, MICP is useful to reduce the
bioavailability of heavy metals. However, it does not change the soil quality according to the current standards which base on the total

concentration of heavy metals. Furthermore, there are potential risks on several topics, such as long-term validity, biological safety and
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change of physical or chemical properties, which challenge the application of MICP to immobilize heavy metals in soil. The technique

should be further developed to re-immobilize the released heavy metals due to the dissolution of carbonate minerals. Meanwhile, multiple

native microbial communities should be developed to insure the effectiveness of MICP in varied environments.
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Fig. 1 The process of microbial induced carbonate mineralization
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Table 1 The examples of MICP in immobilization of heavy metal

FAJE 4 NI B 8 4 Y LR B R % BRI
(0,7 v [ TR ( Kocuria flava CR1) 9% (ic=340 mg/kg, +-56) k[ 23]

97% (ic=1 000 mg/L, ¥R ) k[ 23]

Cu BRPAR LT 74% (ic=12. 95 mg/kg, +-HE) k[ 24)
-3 ZF A\ F BRI ( Sporosarcina soli B-22) 61.8% (ic=128 mg/L,EH) CHR[25]

I ZF A0 )\ B ER T ( Sporosarcina koreensis UR4T) 93.2% (ic=945 mg/L, %) k[ 28]

B 5L A ( Kocuria flava) 83. 4% (ic=100 mg/kg, 1-4) k261

FF T4 5 K1 ( Enterobacter cloacae KJ-46) 68% (ic=7.2 mg/L, W) k[ 27]

HE 2R\ Z ER T ( Sporosarcina koreensis UR4T) 99% (ic=1.49 g/L, %) SCHR[ 28]

Pb Jiti CAB 2 i T ( Pseudomonas stutzeri) 97% (ic=103. 5 mg/L, %) HR[29]
BRERAL B fL T 77 75% (ic=4. 95 mg/ke, 1-45E) HR[24]

R ZEFRFT B4 ( Bacillus cereus Ph,, ) 90% (ic=2 g/L, %) k[ 30]

. i1 )\ B BR1E ( Sporosarcina sp. R-31323 UR31) 99% (ic=0.96 g/L, ) ik 28]
M e 50% (ic=33. 46 me/ke, £5) k[ 24]
AT ( Exiguobacterium undae) 84% (ic=100 mg/L, %) k[ 31]

TR B ( Exiguobacterium undae) 90% (ic=100 mg/ke, +-3E) YHR[31]

BRI ZEAUFT T ( Lysinibacillus sphaericus ) 99.95% (ic=0. 82 g/L, ¥ ) SCHR[32]

o [l KHUFT B ( Terrabacter tumescens) 99% (ic= 1.23 g/L, ) SCHiR[ 28]
Wk ER LT 52% (ic=0. 64 mg/kg, 1-3E) SR 24]
FEAFTER GZ-22( Bacillus sp. GZ-22) 60. 72% (ic=10 mg/L, AW ) SCHR[33]
SFAAFT I ( Bacillus sp. CS8) >68% (ic=124. 8 mg/kg, Fiits) SR 34]

“ AR ZE AT 1 ( Bacillus cereus YRS) 92% (ic=100 mg/kg, 1-33) SCHR[35)
2R /\EER TR ( Sporosarcina ginsengisoli) 96% (ic=10 mg/L, %) iR 36]

As 2R\ BRI ( Sporosarcina ginsengisoli) 99. 8% (ic=500 mg/kg, +-4) SCHR[36]
BRRR AL LT 83% (ic= 14. 01 mg/kg, +-3%) k[ 24]

Eh AR ( Halomonas sp.) 86% (ic=100 mg/kg, £1357b) CHR[37]

. ZEHUFF T ( Bacillus pasteurei) 95% (ic=87.6 mg/L, ) k[ 38]
i t G 2 A\ S KT ( Sporosarcina pasteurii ) 59% (ic=210 mg/L, ZfLA i) k[ 39]
[ Q2R 90\ & BR T ( Sporosarcina pasteurii WJ-2) 80% (ic=7 mg/kg, f1IHD) k[ 40]
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BRFR N 56.27% , F B MICP 22— F i 8 HLIA 58 A 4
WIENEEEAR. AW = YA G &4 R A
— S B RBRER T A A R, S
K[ CaCO,, [l L HEH I 5 mg/kg B R 405 5%

Ji ,0. 1 mol/L £RFR AT HEHUA Cd /b 69. 5% .
2.1.4 HAbE&)E

Zn Co \Ni 55 FH & TR H 48 L AEE L MICP £
[l 2. LI % F) H] Sporosarcina globispora (UR53) .
Sporosarcina koreensis (UR4T) .Sporosarcina sp. R-31323
(UR31 ). Bacillus lentus ( UR41 ). S. pasteurii,
T. tumescensZ§ 6 Fh B HE4T MICP X5, An1& 2 fT 7~
LW P I AT e B 2 g/L B NiCl, | CuCl,
PhCl, .ZnCl, , CoCl, , CdCl, B}, Ni, Cu,Pb Zn, Co,Cd
AL ERHN 88% ~100% , Horfr 6 FHIAXT Ph By 2 FR%
HR4E 3 100%. UR31,UR47.S. pasteurti | T. tumescens
X Cd BEBRFHE R, g 99% , UR31 X} Zn #l Co 2%
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Fig. 2 The removal rates of various aqueous heavy

metals by isolated bacterial strains through MICP
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AT SR (B REAE HE A E Y Bk A A SO T
S RS RS R, CrO, > R il A
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HRT As( V). As,0, FEFRALFR, I3, n] 40 i 1E
WA RS, S EEIE T, SRR s 2K
PERRZE R | B IR L X BB A 4. Achal 25D FI ] —
2R\ E ER E Sporosarcina ginsengisoli CR5 168
As(ID) 55 T8 AT A 25 As (D) & & A 500
mg/kg 2 0. 88 mg/kg. Juillot %54 & I & il 518
ISR A0 Poa 2 IR I T Z R RRAS 8™ ) , I Ay i
AR T LI AT5 A 07 W) P B IR AR 29 1. Benedetto
AR H 1 TR S RS ) 76 R AR T A
e As R T C LR RIS As J5 R4 TR A AE
AsO;<CO,™  JFHE Y As ASRE i # Fe/Mn &
Ay 0 RS T 10 S TSIV i 7 AR DA 2K T[] 45 46 07 X
BT il A7 418 3 ) RE 2 — Bl A B AR As T B8 1 1Y
WAz,

HATEE XS Cr A1 As WU E W18 B & 2 205
Cr( VD) A1 As () 2 3:d 40 A i J50 s Al Dhy 23 1 A
S Ce( D) A As (V) , ixid B2 5y %2 + IR ik AL £
5 pH-E, A3 HLTSE 19200, A T &, A
AW A I Co( VD) A As (I [ T 05 i A b
S REAT RO BE 1 HE B, (BT i S
OGS A PR, e B As T ey 8 rh AT L% R
BT A i S s A At 18 52 7 X BK &
fii .
2.3 JURHEICE

FLRE % i A T & LA R B 3 OKs 1) B4 555 HE ik
PSr,Cs P Ra " Am UM ER R EATRK I 25
TERRSE AT RE 2 X AR W 1A A T fe L W R,
UCIV) \UCVD) ¥yn] ik A RIRT5 il A0 454, o 9 He v
(1 Ca™ BTN X N E W A b BB PR R
fRft 7 —Fp . UL IR AT B 5 AR 5
BR SRR B A RS & oL s T i e A 5
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UO,(OH),.U0,CO0, . Cal0,(CO,), FfELZ AW,
Xif T b IR rh i 0 A B EL A K A T R ALY
Achal %57 ) 15 BE TR A2 Sr A9 £ B0 B [ 2 &5 K 2
AHER Y Sr, AT a8 e AS Sr PR iAF] 86% , XRD
SRR Y BB NI A, I A SO R
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TEIRFF IS I8 B 7 A TR Se T3 40 T R B
(0. 5) e T KR T fite A1 FA T A H 1 43 Tid 32
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2.4 AYEER

A Bl A ) R S s T 1) D
BRI P B AR T Bl g A A A i ik g
TIMHAEY). 5 WA P 1 T ) 3 B B R £
WAL RV RIBE R £ AL P 7], 288 R BT iR 55 7l
AT AR B 28 1A P T R A 2R AT RE DR A L
A= A R D A1 % B AR B P HILARE 405 , ER A
U GG 2 e E W A K A R AR 2 A
SRR ER AL TR T ( F B 2R AT ) MmO %
HA 6 000 r/min, B0 EF[E] 24 10 min, BRARYS VR T
JEEESA 5 mm , TR A I B T TR I DR AR5 v
PEEEA A0 1AM It S 0 T 5 e 0 % G R R
YER AT B Z HIFIBEN T 1 000 m® 1755+
e, H e Ac i S 4 R B T S B R, As Pb
Cd Zn . Cu B H 05N 14,01 .4.95 0. 64 .33. 46,
12.95 mg/kg F& & 2.37.1.25,0.31, 16.67, 3.42
mg/kg. 1 TRREREL DAk 14 77 [ 2 = 42 8 1 R A2 3]
TR SE N I pH PRI IR I A A
(R RE I, AN TR A Bl A o) B 4 J RN PR 5E () AU B R AR
], PR, 0 s PR T A2 1 oo o) 45 b B 4 ) [T 2 i
SRAVTE AR MICP 185 8 48 15 L + B0 G i,
3 MICP EEE£EHEIGHIBEER

MICP W] FEE B R M L a4 )E, A
KA RS (EJ, B IR 98 R 4 i Ab T 392 0 %
WFIE o B, A i/ MRS B g4l Y . R
FH MICP H A [ 5 8 43 @ e 275 e b i 4
J& S 2P, BRI PR A — S K
FREAR N S A )2 4 |+ IR BT Ak A5 U e Y R
YEH.

3.1 bR

FRAE MICP [8 5 4 Ja 19 s 3 ] 00, 32 7 ik BB ]
AP EHAR Wl 5 T EaE B AR, Y
¥ MICP R T+ B &R B G BRI, T4 rpip
O3 RS TE A BN IR A A3 (A I E 4
JB A, BIAT GB 15618—1995( + 3 FRES i i
FRUEY ' B2 GB 15618—201 ¢ 4 JH b + 138 37 455 o
PRI (S RAESR R DR ) ) H R E T L3 4 )R
S PR, a0 SR BRI DT MICP R [ 8 4
BSR4k MICP Ah B S T3 ME s bR, B, %FF
MICP [ 5% 5 42 J@ i P 17 32 1 = 0 A= 4 ] 1) 4.
DIVLER As 1 Cu 15940 HHER 5], UG F5EH T As
H Cu F5eih & 520910 500 mg/kg' ™ F1 340 mg/kg'®’,
BT GB 15618—201 L1 H B 5 1Y #c i FRAE. 283
MICP AbBRJS AT 22 4025 As 7 M 25. 85 mg/kg F& =
0.88 mg/kg, M XX 2 Cu & & M 67 mg/kg [ 2
3.5 mg/kg, A RCHLBEAR T I AE YT R M. gk 1 fr
AW AR T AR WL TR B AR = T
W BT bnifE. LA Cr ) HAEBEGE 4 38 v i i )
LR AL 100 mg/L7 K F GB 15618—201
FAE 1 150 mg/L S ARBRAE. 10 &R 4315 Y 11 rh
HEBWE TS m T HAE RN UEE 2L T
%, 254 MICP BRI T il B o 4 s 1 e HIEE i
i, FL ] T4 A R T 75 i — 25 B0
3.2 KIWAEE

AR MICP 75 B 8] PN e e 31 AR 4 [ 2 H 42 )R
FRARCRE (P I Bt o s ] ) 252 ) R, — S S Ay
2, B kIR ER 45 A S s DR AR e AT,
IR EL 45 A A E AR A vl i & s b fopn i
FE1 K, 30% H1 MICP YLTER) CaCO, 7E 58 4 T
Ja VA HWEA T . Bk, A B 4 58 H AR
M WFFE 205 MICP AbPHEAY T 42 8 76 A [R) 3R 5% 45 1
TR R FE RS R I BRI R A A T 4
JE& I PR Ak 3 B A
FasE R0 K A
3.3 APise

RES IR R -l = A 7 i R0 W e A
RZ LRI LR RN A0 R 55 H RO W2 M RUE Y
S5y, 22 2R T A R ER B, L DIk
IR\ S PR ARt o W35, HO E 4 R i 32 P
WA TR e — PP AR R R ER AL B . (EAT A — b
T A R B R 5 | A B — A &R 5 £
E A A TG 23 RV RVE 3% R Y b - 3 A= Ui
FhEEZREE. UL, A R AN i TR BE N TR
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A AR Y FREY I EAA RN FARSIR A,

B BRI 1 7 R 3L R, TATBIE 2 S5O IR 9 52 6 Tk T
EIN Al
3.4 MR

PREZE S MICP F AR SCHEY i > —. PRER T &
A S IR R AL TR fEmRR R L AR
FF, 38 pH FNE R T 5, il RE S| R - e 4h
R 23 BREAOE QR AR 2E AR SRR 1 A
WA G B 22 B8 REUIR, BV AR
R S HER)Z R m AR, £8 5 1 9 Ak
SEMG EMARAVEY) IE K. BRI — B4, mT L
BT FHRS AT ORBRESE KRR A DA B 3R b +
by 2w B LAR AR L E W R, IR E AR
HUAE 5 FR 28 A e & (o FH 845 £ 1€ pH.
4 ZHiLERZE

a) AW Y Ak Y S B DK T B AE MICP
HHET E R IR R, 774 NH, $2 5 OB Y
pH, Bl CO,> BT 4h s ak sl Jr, H B 50 584
CaCO, LB (45 fb A a5, AR =4 EPS BE I i G
PLARA A, 325 B 36 45 P 4 2B RS i 3% 42 A/ 1T

b) REZMNGE MICP i 7 K 25 bk 5 4 J& i WL ELAT
I8, B AN B 12 g ksl R S AR
J7 A8 B AR R R BRI BRI 5% 42 B8 15
NSO TR B A 2s & 7 XL WRAEIE 5
S anfar s I ROA S B R A 5 R
Hil A et 2 BT E SR AT b R E H A

o) TWAEWISE T R & A SR A 8 5 A7 7E ) 3L
L ARZHUEY AT X R R 1. R R A SRR ) &
Jer o7 i1 5 4 S e — PP E ) R R AR B R BOR  F)
FHA E T2 i A B RE IR 2R AR A ik R A 16 T 1Y
A, WERE CRIEARAE P A R T 5 1 U, SURT DU 3K
HulEE I E SR IR KA AR S B R
AR MICP i E AR FEE CO,» EA DI K
Y CaCO, SLUTTERE I bk, (H - e B Ab M &2 2%, 1otk
YIRS L I W5t 4 R A b ER AL A T R IR AL 4G
YIRS AR R DR SR, RS R B BB
oY S E AR A E AN AR R G, anfer e £
s S UUE o B A 2 E .

d) FETFTARBEFE G MICP Fi AR H A SRS
JE I RBRRCR B AT (0 L 58 4 Jm S R R A AR
1k, B S A FA WL RS AR , HL7E 4 BRAR IR M
TR ZE N ME A PRI WAL T, T 7K 22 320 T b ka3
HERAEST LIRIREE S A SR E AT A fr

e) HTT, T MICP A9k 56 A B4 2 B — 18 Fh
ST, S A A R 5 0 B 45, P A1 DR
WAEY T REIEAIE A7 B3P R LER B =
AIREXS AR YRR 2R A s, R, A a5
B R = 80 MR 52 A IR IR AR fb B ) sl 7 3
AR i e A Ak BE T i B R P TR
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